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PREFACE 


The  author,  having  taught  Pathology  and  Bacteriology  for  thirteen  years, 
endeavors  in  the  following  pages  to  present  in  a  succinct,  intelligible,  and 
readable  manner  the  facts  that  every  student  should  know  before  he  advances 
from  the  elementary  to  the  practical  branches  of  medicine.  The  work  has 
been  written  particularly  for  students  working  for  the  degree  of  Doctor  of 
Medicine,  who  need  to  acquire  the  principles  of  pathology  rather  than  to 
busy  themselves  with  the  evolution  of  the  subject  or  to  enter  into  the  con- 
sideration of  its  controversial  points.  Well-known  facts  are,  therefore,  pre- 
sented as  such,  while  others  are  frequently  dismissed  after  brief  mention 
with  the  frank  statement  that  the  matter  is  not  yet  understood. 

Over-voluminousness  was  the  greatest  evil  that  had  to  be  overcome  in  the 
writing,  and  what  could  be  consistently  omitted  was  a  far  greater  problem 
than  what  should  be  introduced.  The  natural  impression  of  the  author  was 
that  nothing  should  be  omitted ;  but  the  size  of  the  manuscript  became,  and 
after  careful  condensation  remained,  so  large,  that  something  had  to  be 
done  lest  its  usefulness  be  destroyed.  A  kind  of  compromise  was  eventually 
effected  by  the  use  of  two  sizes  of  type,  the  more  important  matter  being 
printed  in  the  standard  type  and  the  less  important  in  smaller  type. 

The  standard  works  have  been  freely  consulted  and  drawn  upon,  though 
the  names  of  the  authors  and  the  references  to  their  writings  have  been  for 
the  most  part  omitted,  as  the  work  was  not  designed  to  be  in  any  sense 
encyclopedic.  The  illustrations  have  been  selected  for  the  purpose  of  assist- 
ing the  reader  to  comprehend  the  text.  Many  of  them  are  original,  but  the 
author  has  to  thank  the  writers  and  the  publishers  of  a  number  of  well- 
known  books  for  their  courtesy  in  permitting  him  to  use  illustrations  from 
their  works.  The  borrowed  illustrations  have  been  duly  credited  to  the 
authors  from  whose  writings  they  have  been  selected. 

Philadelphia,   June,  1904. 
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MCFARLAND 


PART  I.— GENERAL  PATHOLOGY. 


INTRODUCTION. 


Scope  and  Terms  of  Pathology. — "Pathology  is  that  subdivision 
of  biology  that  has  for  its  object  the  study  of  life  in  its  abnormal  relations. ' ' 
It  is  the  study  of  diseased  conditions,  and  aims  at  the  discovery  of  the  changes 
of  organization  and  function  that  result  from  all  abnormal  conditions. 

Health  exists  when  the  normally  constructed  body  properly  performs  its 
functions.  Disease  is  any  variation  from  this  normal  standard,  and  may  be 
described  as  any  condition  in  which  the  organism  finds  itself  in  abnormal 
relationship  with  its  environment.  Disease  is,  therefore,  a  general  term  signi- 
fying any  variation  from  the  normal  condition.  A  disease  is  a  condition 
characterized  by  the  occurrence  of  definite  phenomena  and  constituting  a 
recognized  type  of  abnormality.  Thus,  fever  is  a  diseased  state  or  condition 
found  in  many  different  diseases.  Typhoid  fever,  a  febrile  affection  with 
definite  symptomatology,  is  a  disease. 

In  the  scope  of  pathology  are  included  the  source,  progress,  changes,  and 
terminations  of  disease.  A  knowledge  of  pathology  forms  the  only  rational 
foundation  upon  which  the  art  of  medicine  can  rest,  as  it  is  through  its 
teachings  alone  that  symptoms  can  be  understood  and  treatment  properly 
applied.  The  chief  contrast  between  the  medical  art  of  the  ancients  and  of 
the  semi-civilized  nations  and  modern  medical  science  is  the  ignorance  of 
pathology  on  the  one  hand,  and  an  increasing  knowledge  of  it  on  the  other. 
Until  our  knowledge  of  biology  in  its  normal  and  abnormal  relations  is  per- 
fected, medicine  cannot  become  an  exact  science. 

It  is  customary  to  divide  the  subject  into  General  Pathology,  that  deals 
with  disease  processes  common  to  the  whole  organism,  as  fever,  cachexia, 
degeneration,  etc.,  z.n^  Special  Pathology,  in  which  the  diseased  conditions 
of  the  special  organs  are  considered. 

Morbid  Anatomy,  Morbid  Histology,  and  Morbid  Physiology,  or,  as  they 
are  frequently  called,  Pathologic  Anatomy,  Histology,  and  Physiology,  con- 
template respectively  the  gross  and  minute  structural  and  functional  changes. 

Nosology,  or  the  Classification  of  Disease. — Diseases  are  vari- 
ously classified  according  to  the  standpoint  from  which  they  are  viewed. 
Thus,  they  are  spoken  of  as  hereditary,  if  actually  derived  from  one  or  both 
parents ;  congenital,  if  appearing  at  birth,  but  not  necessarily  referable  to 
the  parents ;  and  acquired,  if  appearing  subsequent  to  birth. 

According  to  their  time  of  occurrence,  diseases  are  also  described  as 
infantile  in  babyhood,  and  senile  in  old  age. 

According  to  their  origin,  certain  diseases  are  described  as  zymotic,  in- 
fectious, or  specific,  when  they  depend  upon  living  entities,  such  as  bacteria, 
protozoa,  insects,  worms,  etc.  Some  of  these  diseases  that  can  be  commu- 
nicated by  touch  are  called  contagious.  Miasmatic  diseases  were  formerly 
supposed  to  depend  upon  certain  deleterious  influences  exerted  by  the  soil ; 
at  present  no  true  miasmatic  disease  is  known. 

According  to  their  manner  of  occurrence,  diseases  are  described  as 
sporadic,  when  isolated  cases  occur  at  irregular  intervals ;  epidemic,  when 
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large  numbers  occur  at  the  same  time ;  endemic,  when  a  disease  is  con- 
tinuously present  in  a  community ;  and  pandemic,  when  everywhere,  in  all 
countries,  nearly  everybody  is  more  or  less  influenced  by  a  disease. 

Toxic  diseases  depend  for  their  origin  upon  the  presence  of  poisonous 
substances,  either  derived  from  external  sources  or  manufactured  in  the  body, 
either  by  parasites  or  by  its  own  metabolic  processes  abnormally  carried  on. 

According  to  their  lesions,  diseases  are  described  as  organic  and  func- 
tional :  organic  diseases  being  characterized  by  definite  lesions  of  the  organs 
and  tissues ;  functional  diseases  having  no  discoverable  lesions,  and  mani- 
festing themselves  only  by  disturbed  physiologic  action.  Organic  diseases 
are  anatomic,  functional  diseases  physiologic  in  character. 

The  distribution  of  disease  makes  it  either  local  or  general.  Constitutional 
diseases  are  general  diseases  whose  hold  upon  the  organism  is  such  as  to  affect 
its  very  constitution  or  functional  organization. 

The  duration  of  disease  is  variable,  so  that  all  morbid  processes  can  be 
classified  as  acute  or  chronic. 

Acute  diseases  are  of  abrupt  onset,  active  symptomatology,  and  short 
duration.  Chronic  diseases,  on  the  other  hand,  are  of  insidious  onset,  mild 
symptomatology,  protracted  duration,  and  progressive  lesions.  Subacute 
affections  are  neither  acute  nor  chronic,  but  often  begin  as  acute  diseases, 
running  protracted  courses  and  healing  slowly. 

Ephemeral  or  fugacious  diseases  are  acute  processes  of  exceedingly  short 
duration.      Continued  fever  is  of  protracted  duration. 

With  advancing  knowledge  the  number  of  diseases  for  which  it  is  impos- 
sible to  find  an  adequate  cause  has  greatly  diminished,  but,  unfortunately, 
the  term  idiopathic  is  still  employed  to  describe  them.  Diseases  with  recog- 
nizable causes  are  known  as  symptomic. 

According  to  their  occurrence,  diseases  are  described  d&  primary,  second- 
ary, tertiary,  and  recurrent. 

K  primary  disease  is  the  first  occurrence  or  expression  of  disease.  A 
secondary  disease  depends  upon  some  primary  disease.  Tertiary  disease  is 
seen  in  syphilis,  and  refers  to  the  third  set  of  symptoms  of  that  affection. 

Diseases  also  vary  in  their  tendencies.  Some  are  benign — that  is,  tend  to 
recover  without  materially  injuring  the  patient ;  while  others  are  malignant, 
and  tend  toward  his  final  destruction.  A  few  diseases  are  csWed.  fulminant ^ 
because  of  the  extreme  rapidity  and  severity  of  their  symptoms. 

Recurrent  diseases  are  characterized  by  a  tendency  to  recur  or  come  back, 
as  in  the  case  of  malignant  tumors.     Recurrent  fevers  are  called  relapsing. 

Intercurrent  affections  develop  during  the  course  of  some  other  disease,  as 
when  a  person  suffering  from  tuberculosis  of  the  lungs  is  attacked  by  pneu- 
monia and  dies  of  it  before  the  tuberculosis  had  become  sufficiently  far 
advanced  to  endanger  life.     The  pneumonia  is  then  described  as  intercurrent. 

The  structural  changes  wrought  by  disease  are  known  as  lesions.  They 
may  be  initial  or  primary,  secondary,  or  tertiary. 

Nosogeny,  or  the  Development  and  Progress  of  Disease. — It  is 
best  considered  in  relation  to  certain  of  the  specific  febrile  affections,  in  describ- 
ing which  all  of  the  employed  terms  are  used.  These  affections  result  from  the 
presence  of  parasitic  bacteria  which  enter  the  body,  producing  what  is  called 
the  infection.  For  a  time  subsequently  they  increase  in  numbers  and  elabo- 
rate metabolic  products  that  shall  be  the  cause  of  subsequent  changes.  This 
period  is,  therefore,  a  latent  one,  during  which  development  is  going  on,  and 
is  known  as  the  period  of  incubation.  During  it  vague  symptoms  are  not 
infrequent,  but  are  indefinite  and  not  very  severe  ;  they  are  c3\\e.A.  prodromes. 
The  recognized  disease  is  not  infrequently  ushered  in  by  definite  symptoms 
that  may  be  slow  and  insidious,  or  abrupt  or  explosive,  and  constitute  what 


NOSOGENY.  19 

is  known  as  the  invasion  or  onset.  The  disease  now  pursues  a  course  that  for 
some  time  may  be  without  much  variation,  constituting  what  might  be  termed 
the  period  of  active  disease,  and  is  called  the  acme  or  fastigium.  Subse- 
quently comes  a  period  of  decline,  that  marks  the  beginning  of  recovery, 
followed  by  a  more  or  less  rapid  gain  of  strength  and  return  to  the  normal 
state  during  convalescence. 

The  time  of  infection  may  pass  unnoticed  ;  or,  on  the  other  hand,  may  be 
referred  to  some  particular  moment,  as  when  some  wound,  accidentally  or  inten- 
tionally inflicted,  was  the  point  of  entrance  of  the  disease-producing  germs. 

The  period  of  incubation  is  very  variable,  depending  upon  the  ability  of 
the  micro-organism  to  bring  about  its  effects.  Septic  infections  may  develop 
in  a  few  hours.  Tetanus,  or  lockjaw,  has  an  incubation  period  of  from  three 
to  ten  days  ;  hydrophobia,  one  that  is  said  to  vary  from  weeks  to  months. 

The  onset  or  invasion  varies  with  each  disease.  Pneumonia  has  a  sudden 
invasion,  characterized  by  a  chill,  followed  by  cough,  dyspnea,etc.  In  typhoid 
fever  there  is  a  progressive  slow  increase  of  temperature,  lasting  over  a  num- 
ber of  days,  the  temperature  each  evening  being  about  a  degree  higher  than 
in  the  morning.  The  exanthematous  fevers  of  childhood  are  frequently 
ushered  in  by  reflex  symptoms,  such  as  vomiting,  headache,  and  convulsions. 

The  fastigium  also  varies,  some  diseases  scarcely  developing  before  their 
decline  begins ;  others,  as  typhoid  fever,  continuing  for  one  or  two  weeks. 
When  the  fastigium  is  without  marked  alterations,  it  is  said  to  be  continuous, 
as  in  typhoid  fever.  In  the  malarial  fevers  extraordinary  fluctuations  are 
observed,  the  high  fever  being  interrupted  by  intermissions,  during  which  the 
temperature  returns  to  the  normal ;  or  remissions,  during  which  it  falls  below 
its  customary  altitude,  but  not  to  the  normal. ,  Sometimes  the  course  of  a 
disease  is  marked  by  occ3&\oVi.s\.  paroxysms  or  exacerbations,  during  which  all 
the  symptoms  may  become  greatly  exaggerated  or  renewed,  or  entirely  new 
symptoms  develop,  as  in  the  course  of  tetanus,  with  the  tonic  spasm  of  tris- 
mus for  a  constant  symptom,  and  clonic  spasms  with  opisthotonos  at  intervals. 

The  period  of  decline  is  not  without  interest,  for,  while  the  greater  num- 
ber of  diseases  end  by  a  gradual  amelioration  of  all  the  symptoms,  or  lysis, 
a  few  are  characterized  by  a  sudden  disappearance  of  the  serious  symptoms 
and  immediate  improvement,  this  being  known  as  crisis. 

Convalescence  is  brief  or  protracted  according  to  the  extent  of  the  damage 
to  be  repaired.  Sometimes  during  convalescence  the  symptoms  all  reappear, 
and  a  relapse  or  repetition  of  the  disease,  usually  less  severe  than  the  original 
affection,  makes  its  appearance.  There  may  be  several  relapses,  and  patients 
who  have  successfully  passed  through  the  disease  may  die  in  the  relapse. 
Any  exacerbation  of  disease,  as  well  as  a  relapse,  may  be  described  as  a 
recrudescence. 

The  termination  of  disease  may  be  in  a  more  or  less  complete  return  to 
health,  or  recovery,  as  in  most  of  the  acute  affections,  or  in  death.  Incom- 
plete recovery  also  sometimes  occurs,  producing  a  chronic  or  indefinite  con- 
tinuance of  the  morbid  process.  After  recovery  from  a  disease,  other  diseased 
conditions  depending  upon  conditions  set  up  by  the  original  process  may 
appear.  These  are  secondary  diseases  or  sequelce.  Thus,  after  diphtheria  it 
is  common  for  paralysis  of  certain  groups  of  muscles  to  occur  from  toxic 
injury  to  the  nerves.  In  diphtheria  and  typhoid  fever  remote  abscesses 
sometimes  result  from  the  entrance  of  pyogenic  bacteria  into  the  blood  from 
the  lesions  of  the  disease.  After  pleurisy  and  pericarditis  fibrous  adhesions 
may  deform  the  chest  and  embarrass  the  circulatory  and  respiratory  functions. 
Peritoneal  adhesions  following  peritonitis  may  lead  to  obstruction  of  the 
intestines  and  to  death.  The  sequelae  of  disease  are,  therefore,  important, 
serious,  and  sometimes  themselves  fatal. 


CHAPTER    I. 

THE  ETIOLOGY  OF  DISEASE. 

To  define  disease  as  an  inharmonious  relation  of  the  individual  to  his 
environment  is  sufficient  to  suggest  what  multitudinous  factors  have  to  be 
considered  under  the  head  of  etiology.  The  individual  may  be  congenitally 
deficient  in  parts  and  unable  properly  to  perform  his  functions ;  or  he  may 
inherit  from  his  parents  certain  vices  that  pervert  his  nutrition  and  cause  fatal 
weakness;  or  he  may  accidentally  lose  important  members  and  miss  their 
absent  functions  ;  or  he  may  become  the  host  of  parasites  which  absorb  his 
nourishment,  poison  him  with  their  products,  or  transform  his  tissues  into 
useless  perversions ;  or  he  may  become  intoxicated  through  extrinsic  poisons 
taken  in  the  air,  food,  or  water ;  or  his  metabolism  may  become  defec- 
tive and  he  may  succumb  to  poisons  generated  within  his  own  body.  Add 
to  these  the  rigors  of.  climate,  the  fury  of  the  elements,  the  feebleness  of 
youth  and  the  miseries  of  old  age,  and  it  will  be  seen  that  the  ' '  devils  by 
which  we  may  be  possessed  can  truly  be  called  legion. ' ' 

The  factors  involved  in  the  etiology  of  disease  may  be  divided  into 
intrinsic  and  extrinsic. 

I.  INTRINSIC  FACTORS  IN  THE  ETIOLOGY  OF  DISEASE. 

Heredity. — This  term  is  much  misused  in  medicine,  being  applied  to 
many  prenatal  conditions  that  have  nothing  to  do  with  it  in  the  true  biologic 
sense. 

In  biology  the  term  heredity  is  used  to  describe  conditions  transferred  from 
parent  to  offspring  through  peculiarities  of  the  germ  plasm.  It  does  not  refer 
to  accidental  conditions  of  prenatal  life  by  which  the  health  or  perfection  of 
the  offspring  is  affected. 

It  has  not  been  determined  through  what  means  the  hereditary  transmis- 
sion of  peculiarities — especially  acquired  peculiarities — takes  place.  All 
theories  thus  far  suggested  fail  to  explain  the  phenomena. 

Biologists  differ  as  to  whether  acquired  characteristics  can  be  transmitted 
to  offspring  or  not.  If  not,  then  there  cannot  be  such  a  thing  as  a  hereditary 
disease  or  deformity. 

Lamarck  and  Darwin  believed  firmly  in  inheritance  and  in  the  transmis- 
sion of  acquired  characteristics,  and  Darwin  made  it  the  basis  of  his  theory 
of  evolution.  Weissmann,  and  perhaps  a  majority  of  the  biologists  of  the 
present  day,  doubt  or  disbelieve  its  possibility.  It  seems  certain  that  experi- 
mental characteristics  are  not  transmitted — /.  e.,  mutilations  such  as  result 
from  circumcision,  amputations,  scolisectomy,  etc.,  are  not  transmitted  but 
it  appears  certain  that  spontaneously  acquired  variations  from  the  normal 
may  be  transmitted. 

Adami  has  suggested  that  heredity  may  be  explained  upon  the  assumption 
that  the  idioplasm,  or  that  part  of  the  protoplasm  possessing  vital  properties, 
is  composed  of  a  mass  of  molecules  which  form  a  central  ring,  to  which 
side  rings  may  be  attached  or  from  which  they  may  be  detached  without 
alteration  of  the  central  primitive   ring.     Environment  causes  the  central 
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ring  to  have  attached  certain  side-chain  combinations,  and  in  this  way  the 
modifications  of  tissue  cells  are  consummated.  In  the  same  manner  environ- 
mental conditions  lead  to  further  modifications  in  the  form  of  new  lateral- 
chain  combinations.  Those  lateral  chains  which  are  last  developed  are  the 
least  stable  and  the  most  readily  lost,  while  those  which  have  been  attached 
for  a  long  period  of  time  are  not  readily  loosened.  Thus  it  is  that  recent 
changes  in  structure  or  alterations  of  environment  produce  with  the  general 
idioplasm  combinations  too  weak  to  be  transmitted,  while  lateral  chains 
which  have  been  active  for  generations  tend  to  persist. 

In  sexual  conjugation,  idioplasms  with  different  lateral-chain  combinations 
and  affinities  unite,  and  there  results  an  idioplasm  not  possessing  the  identical 
properties  of  either  parent,  but  emendated  in  character  and  constitution 
toward  the  constitution  of  either  one  or  the  other,  according  to  the  prepon- 
derance in  number  or  chemical  activity  of  the  molecules  entering  into  com- 
bination. This  hypothesis  explains  parasyphilitic  lesions,  for  example,  as  a 
result  of  the  transmission  to  the  child  of  an  idioplasm  that  had  acquired  cer- 
tain abnormal  chemical  combinations  as  a  result  of  parental  infection.  Or 
the  transmission  may  be  by  intoxication,  the  intoxication  being  represented 
by  a  combination  of  toxiferous  molecules  with  the  idioplasm  that  is  trans- 
mitted to  the  offspring. 

Consanguinity  and  inbreeding  are  dangerous  from  their  tendency  to  ac- 
centuate family  weaknesses,  this  danger  being  in  proportion  to  the  deviation 
from  the  normal  of  those  concerned. 

False  Iieredity  or  apparent  heredity,  commonly  mistaken  for  heredity, 
consists  in  the  modification  of  the  embryo  by  conditions  occurring  during 
prenatal  life.  Thus,  certain  infectious  diseases,  such  as  small -pox  and  syphilis, 
may  be  transferred  from  mother  to  fetus  through  the  placental  circulation 
and  cause  a  disease  acquired  from  the  parent.  It  seems,  however,  that  in 
the  case  of  syphilis  the  cause  of  the  disease  can  be  contained  in  the  germ 
cells  themselves  and  grow  concomitantly  with  the  embryo,  thus  causing  infec- 
tion at  the  very  moment  of  impregnation.  Here  again,  however,  we  have 
to  do  with  an  extraneous  infectious  element,  and  though  the  cause  of  the  dis- 
ease is  contained  in  the  germ  plasm  and  the  disease  is  handed  down  from  parent 
to  offspring,  it  is  not  hereditary  in  the  true  biologic  sense,  but  is  an  example 
of  apparent  heredity. 

The  hereditary  conditions  thus  far  considered  refer  to  immediate  peculiari- 
ties ;  thus,  the  parent  having  a  peculiarly  situated  lock  of  white  hair  trans- 
mits the  peculiarity  to  the  child ;  or  the  parent  has  six  fingers  or  toes  and 
the  child  has  the  same ;  or  some  other  marked  peculiarity  of  the  parent  is 
observed  in  the  child.  Hereditary  conditions,  especially  in  connection  with 
certain  diseases,  are,  however,  more  remote ;  thus,  in  hemophilia  or  "  bleeder's 
disease  "  we  find  a  certain  mode  of  transmission,  the  males  suffering  from  the 
disease  may  not  transmit  it  to  their  immediate  offspring,  though  their  daugh- 
ters are  very  apt  to  transmit  it  to  their  sons,  thus  skipping  a  generation. 

A  peculiar  reversal  to  primitive  structural  types  is  seen  in  what  is  known 
as  atavism,  in  which  the  traits  of  remote  ancestors  may  make  their  appear- 
ance. Among  these  may  be  mentioned  flat-foot,  prognathism,  receding  fore- 
head, projecting  and  massive  ears,  all  characteristics  of  the  lower  races  and 
of  the  simian  family.  Individuals  possessing  well-marked  atavistic  structural 
defects  are  commonly  observed  to  be  mentally  and  morally  deficient  as  well. 

Hereditary  tendencies  or  predispositions,  such  as  occur  in  the  offspring  of 
tuberculous,  cancerous,  and  neurasthenic  subjects,  may  depend  upon  trans- 
mitted physiologic  peculiarities  or  may  be  nothing  more  than  the  result 
of  lack  of  vigor  of  the  germ  plasm,  whose  development  results  in  a  feeble 
individual. 
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Congenital  diseases  have  nothing  whatever  to  do  with  heredity,  but  de- 
pend upon  accidents  of  prenatal  life. 

Age. — ^Age  has  a  distinct  influence  upon  the  occurrence  of  disease.  In 
general  it  may  be  said  that  the  extremes  of  life  show  the  greatest  predispo- 
sition to  disease.  Certain  diseases,  usually  mild  infections,  are  characterized 
as  "children's  diseases,"  though  they  may  occasionally  attack  adults,  and 
may  be  fatal  both  to  children  and  adults.  Among  these  are  mumps,  measles, 
chicken-pox,  rotheln,  scarlatina,  and  pertussis.  Children  are  markedly  pre- 
disposed to  gastro-intestinal  disturbances  in  consequence  of  the  delicacy  of 
the  digestive  organs.  They  are  protected  from  many  of  the  diseases  of  adults 
that  depend  upon  exposure  to  the  elements  or  upon  free  association  with 
other  persons. 

At  the  time  of  adolescence  a  number  of  physical  and  mental  disturbances 
may  occur.  With  early  adult  life  women  begin  to  experience  the  dangers 
and  consequences  of  childbirth,  and  men  are  apt  to  show  marked  increase  in 
venereal  affections.  About  middle  life  the  results  of  youthful  indiscretions 
may  show  their  effects,  and  the  cares  and  worriments  of  social  life  begin  to 
tell  upon  the  nervous  system.  Beyond  middle  life  the  tendency  to  carcinoma 
increases  markedly  and  fibrosis  of  the  organs  makes  its  appearance.  With 
old  age  comes  the  brittleness  and  inelasticity  of  the  blood  vessels,  predispos- 
ing to  apoplexy,  uremia,  etc. 

Sex. — Sex  exerts  a  very  marked  determining  effect  upon  disease,  both 
because  of  the  structural  and  physiologic  differences  between  the  male  and 
female,  and  because  of  the  peculiar  social  conditions  affecting  each.  Women, 
of  course,  suffer  from  affections  incident  to  childbirth,  and  on  this  account 
are  predisposed  to  special  ills,  but  notwithstanding  it,  they  usually  live  pro- 
tected and  moderate  lives ;  while  men  are  abroad,  exposed  to  the  elements 
and  tempted  to  excesses  of  all  kinds. 

Up  to  about  the  fifteenth  year — /.  e.,  until  after  puberty,  there  is  no  con- 
siderable difference  as  to  morbidity  and  mortality  between  the  sexes.  With 
increasing  years,  however,  males  show  a  preponderance  in  regard  to  alcohol- 
ism and  other  forms  of  intoxication,  typhoid  fever,  rheumatism,  urinary  and 
venereal  diseases,  cirrhosis  of  the  liver,  kidneys,  and  nervous  system ;  while 
females  suffer  more  markedly  from  anemia,  cancer,  peritonitis,  and  intra- 
pelvic  tumors  having  their  origin  in  the  sexual  organs. 

Hemophilia  is  essentially  a  disease  of  men ;  osteomalacia  a  disease  of 
women. 

Race. — While  natural  immunity  to  different  diseases  is  characteristic  of 
different  animals,  there  are  but  few  striking  illustrations  of  it  among  the 
different  races  of  men.  It  is  said  that  the  Japanese  are  immune  against  scar- 
latina, the  Chinese  against  cholera,  and  the  negro  against  yellow  fever. 
These  forms  of  immunity  are,  however,  possibly  less  positive  than  is  usually 
claimed.  The  apparent  exceptional  severity  of  measles  among  adults  in  the 
Fiji  Islands  and  among  other  savage  peoples  may  be  but  the  natural  course 
of  the  disease  among  those  not  protected  by  infection  in  youth.  Jews  are 
said  to  be  predisposed  to  diabetes  and  resistant  to  tuberculosis. 

Many  of  the  racial  susceptibilities  may  be  no  more  than  the  result  of 
abnormal  environment  and  habit ;  as,  for  example,  the  frequency  of  tuber- 
culosis among  Indians,  Esquimaux,  and  other  savage  peoples  introduced  into 
civilized  society.  Some  may  also  depend  upon  diet,  the  cereal-eating  Oriental 
races  having  less  resisting  power  than  the  meat-eating  peoples  of  the  Occident. 
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n.  EXTRINSIC  FACTORS  OF  DISEASE. 

Physical  Agencies. — The  lesions  caused  by  physical  agencies  are  said 
to  be  traumatic,  and  vary  with  the  nature  of  the  force. 

Mechanical  forces  effect  changes  in  the  body  according  to  the  extent, 
severity,  rapidity,  and  duration  of  their  action.  We  may  consider  the  action 
of  such  forces  under  the  separate  headings  of  Pressure,  Contusion,  Lacera- 
tion, Incision,  Perforation,  and  Concussion. 

Pressure. — Continued  pressure  is  followed  by  atrophy  because  of  the 
resulting  malnutrition.  Intermittent  pressure  causes  atrophy,  deformity,  or 
hyperplasia  according  to  the  associated  conditions.  Wearing  heavy  leather 
aprons  tied  about  the  body  by  cords  is  a  frequent  cause  of  atrophy  of  the 
subcutaneous  tissue  and  adipose  tissue  beneath  the  cord.  The  pressure  of  a 
tightly  fitting  corset  upon  the  costal  cartilages  causes  them  to  turn  in,  thus 
lessening  the  capacity  of  the  upper  part  of  the  abdomen.  This  deformity 
of  the  chest  wall  brings  the  edge  of  the  costal  cartilages  in  contact  with  the 
liver,  which  is  pressed  upon  and  atrophies,  sometimes  to  the  extent  of  being 
almost  cut  in  half,  the  parts  being  connected  by  the  fibrous  tissue  of  the 
organ  only. 

The  pressure  of  an  ill-fitting  shoe  upon  the  toes  may  cause  hyperemia, 
succeeded  by  an  epithelial  overgrowth  and  the  formation  of  a  corn.  The 
hands  of  oarsmen  become  callous  from  epidermal  thickenings,  and  the  finger- 
tips of  violin  players  show  marked  horny  protections. 

When  solid  bodies  enter  the  body  and  remain  there,  whether  they  are  as 
small  as  the  particles  of  coal  dust  in  anthracosis,  or  as  large  as  musket  balls, 
they  keep  up  a  persistent  pressure  upon  the  surrounding  tissues  that  is  suc- 
ceeded by  connective-tissue  proliferation. 

The  weight  of  the  body  itself  pressing  upon  its  skeleton  is  the  cause  of 
bony  deformities  in  such  diseases  as  osteomalacia  and  rickets. 

Contusion  results  from  sudden  forcible  contact  with  blunt  objects.  It  is 
a  frequent  form  of  injury,  and  usually  causes  damage  of  the  contused  tissues, 
depending  upon  the  force  and  character  of  the  resistance.  The  energy  of 
any  force  is  equal  to  one-half  of  the  product  of  its  mass  into  the  square  of 
its  velocity.  The  velocity  is,  therefore,  much  more  important  than  the  size. 
Contusions  usually  result  in  "bruising  "  the  tissues,  which  appear  upon  the 
surface  to  have  a  dark-purple  color  from  ecchymosis  of  blood  from  injured 
capillaries.  Swelling  is  always  present.  Bones  contused  are  frequently 
fractured  and  not  infrequently  comminuted. 

The  effects  of  contusion  are  sometimes  transmitted  and  focus  upon  dis- 
tant points,  as  in  the  fracture  of  the  skull  opposite  the  point  struck,  in  what 
is  described  as  "  contrecoup."  The  effects  of  contusion  sometimes  appear  in 
the  internal  organs  without  lesions  of  the  skin,  for  similar  reasons. 

Laceration  is  mechanical  injury  accompanied  with  breaches  in  the  con- 
tinuity of  the  tissue  affected.  It  may  result  from  the  same  forces  producing 
contusions,  but  usually  depends  upon  contact  with  sharper  objects  or  upon 
greater  velocity  of  the  damaging  force. 

Laceration  cannot  occur  without  rupture  of  blood  vessels  and  other  im- 
portant structures.  As  the  force  both  crushes  and  tears  the  tissues  the 
hemorrhage  is  usually  not  great,  though  the  damage  to  the  soft  parts  is  very 
considerable. 

Incision  results  from  contact  with  keen  and  sharp  objects.  It  results  in 
cleanly  opened  wounds,  in  which  the  blood  vessels,  being  freely,  opened, 
bleed  actively.  The  tissues  incised  are  completely  severed.  Such  wounds 
heal  most  kindly  because  the  injury  scarcely  extends  beyond  the  surfaces  of 
the  wound. 
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Perforation  results  from  pointed  objects  and  from  small  objects  with  great 
velocity,  such  as  bullets,  arrows,  etc.  The  damage  will  depend  entirely  upon 
the  nature  and  velocity  of  the  object.  A  clean  dagger  wound  may  not  differ 
materially  from  an  incised  wound.  An  arrow  with  a  crudely  chipped  flint 
head  gives  a  combined  contusion,  laceration,  and  perforation  that  heals  less 
readily. 

In  the  case  of  gunshot  wounds  the  chief  difference  will  depend  upon  the 
velocity  of  the  projectile.  The  higher  the  velocity  of  the  projectile  the  less 
it  influences  the  tissues  with  which  it  comes  in  contact ;  the  lower  the  velocity 
the  more  it  damages  them.  The  modern  rifle  bullet  of  small  caliber  is  far 
less  destructive  to  the  tissues  than  the  old  musket  ball,  chiefly  because  of  the 
difference  in  velocity.  A  spent  ball  does  much  more  harm  than  one  moving 
rapidly.  It  is  because  the  projectile  has  its  velocity  diminished  by  the 
resistance  of  the  tissues  that  the  wound  of  exit  is  more  serious  than  that 
of  entry. 

Concussion  is  a  violent  agitation  of  the  body,  resulting  chiefly  from 
severe  jars.  It  may  depend  upon  conditions  already  described,  or  without 
them,  as  in  explosions  with  the  terrible  rending  effect  of  the  enormous 
pressure  of  the  liberated  gases.  Jars  of  the  central  nervous  system  may 
produce  commotio  cerebri. 

Traumatic  injuries  of  all  kinds,  but  chiefly  those  associated  with  breach 
of  continuity  of  the  skin,  predispose  to  infection  according  to  the  extent  of 
the  devitalization  of  tissue.  The  greater  the  devitalization  the  greater  the 
loss  of  resistance  to  bacterial  invasion. 

Temperature. — The  extremes  of  temperature  are  incompatible  with  life. 

Heat  can  be  compensated  for  to  a  limited  extent  by  the  cutaneous  perspi- 
ration, the  evaporation  of  which  keeps  the  skin  surface  moist.  As  soon  as 
the  temperature  reaches  55°  C.  this  compensation  becomes  insufficient  and 
death  follows,  preceded  by  anxiety,  headache,  accelerated  cardiac  and  respi- 
ratory activity,  and  convulsions  or  asthenia. 

A  brief  exposure  to  very  high  temperatures  (200°  C.)  maybe  safely  made 
in  a  perfectly  dry  atmosphere. 

Burns  result  from  the  local  effects  of  excessive  heat.  Four  classes  of 
burns  are  described,  and  sufficiently  explain  what  takes  place :  i.  Hyper- 
emia of  the  exposed  surface;  2,  extravasation  of  serum  and  colliquation  of 
certain  cells,  leading  to  vesication ;  3,  coagulation  of  the  cytoplasm  of  the 
cells,  resulting  in  necrosis  and  extending  more  deeply  into  the  tissues ;  4, 
more  or  less  complete  oxidation  or  incineration  of  the  tissues,  extending  to 
and  even  affecting  the  bones. 

Following  extensive  superficial  burns,  the  withdrawal  of  large  quantities 
of  serum  from  the  blood  is  followed  by  anhydremiawith  hemolysis  and  a 
tendency  to  thrombosis.  The  excretory  organs  are  injured  by  the  altered 
quality  of  the  blood  and  the  kidneys  may  cease  to  functionate  properly. 
There  is  diminished  oxidation  of  the  tissues,  with  a  tendency  to  fatty  degen- 
eration. 

In  some  cases  of  extensive  Superficial  burns,  death  has  resulted  subse- 
quently from  a  perforating  ulcer  of  the  duodenum,  the  mechanism  of  whose 
formation  is  not  clear,  but  may  depend  upon  thrombosis  of  some  of  the 
small  vessels  and  corrosion  by  the  entering  gastric  juice. 

Cold. — General  reduction  of  temperature  is  much  more  difficult  to  com- 
pensate for  than  general  increase.  Unless  the  body  be  protected  by  clothing, 
so  as  to  prevent  the  radiation  of  heat,  its  combustion  is  insufficient  to  meet 
the  requirements  of  even  ordinarily  severe  climates.  When  exposed  to 
low  temperature  the  cells  of  the  body  fall  into  a  condition  of  rigidity  that 
gradually  ascends  to  the  nervous  system,  whose  cells  becoming  rigid  cease  to 
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innervate  the  cardiac  and  respiratory  apparatus,  so  that  death  is  preceded  by 
sleep  and  stupor. 

Local  Effects  of  Cold. — Parts  of  the  body  are  not  infrequently  frozen,  and 
may  be  lost  in  consequence.  The  primary  effect  of  cold  upon  the  surface  of 
the  body  is  to  occasion  contraction  of  the  superficial  blood  vessels.  The 
contraction,  however,  eventually  gives  place  to  a  paralytic  dilatation,  by 
■which  the  blood  entering  the  surface  of  the  body  in  increased  volume  be- 
comes chilled.  If  a  part  of  the  body  freeze  during  the  stage  of  vascular  con- 
traction, it  appears  white  and  feels  cold  and  solid.  If,  on  the  other  hand,  it 
freeze  during  the  stage  of  vascular  dilatation,  it  appears  leaden  and  swollen 
and  feels  hard  and  cold. 

The  outcome  of  freezing  will  depend  upon  its  duration  and  the  extent  of 
the  cellular  disorganization.  If  the  freezing  be  superficial  and  no  damage  is 
done  to  the  blood  vessels  the  part  may  recover  perfectly,  and  many  persons 
have  had  their  ears  freeze  in  severe  weather  without  very  serious  consequences. 
If,  however,  the  consolidation  of  the  tissues  descend  more  deeply,  and  the 
blood  vessels  are  affected  and  their  walls  damaged,  and  many  of  the  cells  of 
the  part  disorganized,  the  death  of  the  part,  or  gangrene,  sets  in.  Such  gan- 
grene will  be  moist  or  dry  according  to  the  blood  content  of  the  part. 

It  is  during  the  thawing  of  the  frozen  part  that  the  re-entrance  of  blood 
manifests  the  vascular  and  other  disturbances  present.  It  is  popularly,  though 
perhaps  erroneously,  supposed  that  frozen  parts  should  be  slowly  thawed,  so 
as  to  prevent  too  violent  a  reaction  and  an  increased  vascular  disturbancfe» 
It  is,  however,  probably  true  that  the  disturbance  is  already  complete,  but 
only  appears  when  the  part  again  softens,  and  no  exercise  of  care  can  pre- 
vent it. 

Electricity  is  capable  of  damaging  the  body  either  through  the  heat  gen- 
erated or  through  the  resistance  to  its-  passage  through  the  body.  Electric 
burns  are  usually  deep  and  destructive,  and  are  accompanied  by  considerable 
shock. 

Powerful  electric  currents  may  occasion  death  through  the  resistance  the 
body  offers  to  their  passage.  Lightning  stroke  operates  in  the  same  manner. 
Either  lightning  or  artificial  electricity  causes  death  when  powerful  enough ; 
or  produces  a  shock,  followed  by  more  or  less  injury  to  the  nervous  system, 
when  less  potent ;  or  causes  a  disagreeable  shock,  with  muscular  contraction, 
etc.,  if  still  less  powerful. 

In  death  from  lightning  stroke,  peculiar  purplish  arborescent  markings 
early  appear  upon  the  surface  of  the  body,  but  disappear  later. 

X-rays  appear  to  be  distinctly  destructive  to  the  body  cells  when  expos- 
ure to  them  is  prolonged  or  frequently  repeated,  when  high-vacuum  tubes  are 
employed,  and  when  the  tube  is  held  close  to  the  skin,  but  Codman  estimates 
the  chances  of  jc-ray  burns  to  be  less  than  i  in  10,000.  The  form  of  burn 
most  frequently  seen  is  called  "  skiagraphers'  dermatitis,"  and  occurs  chiefly 
on  the  face  and  hands  of  jc-ray  workers,  tubemakers,  and  exhibitionists. 
The  skin  first  appears  chapped,  then  hypertrophic,  and  is  wrinkled,  fissured, 
and  cracked. 

In  more  mild  cases  the  nutrition  of  the  nails  is  seriously  modified,  so  that 
they  become  deformed,  striated,  and  brittle.  When  a  little  more  severe, 
blebs,  exfoliations  of  epidermis,  and  loss  of  the  nails  result,  and  the  nutri- 
tion of  the  part  becomes  so  disturbed  that  healing  is  slow.  More  severe 
cases  may  progress  to  ulceration,  sloughs,  extending  so  deeply  as  to  expose 
the  tendon  sheaths  and  joints,  sometimes  forming. 

In  the  accidental  cases  occurring  in  those  subjected  to  single  exposures, 
the  lesions  resemble  bums  of  the  first,  second,  and  third  degrees. 

Rare  cases  of  burns  or  lesions  of  internal  organs  have  been  recorded,  but 
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Gilchrist,  Scott,  and  Codman  all  find  the  evidence  'of  their  actual  existence 
quite  doubtful. 

The  pathology  of  the  lesion  is  obscure.  It  is,  however,  supposed  to  depend 
upon  injury  of  the  trophic  nerves  of  the  part,  because  the  lesion  is  delayed 
in  its  appearance,  is  progressive  in  character,  and  fails  to  react  to  stimulating 
treatment.     Microscopically  the  lesions  resemble  those  of  inflammation. 

Becquerel's  rays,  discovered  in  1896  by  M.  Becquerel,  are  given  off  from 
certain  radiant  substances,  such  as  uranium  salts,  radium,  pitch  blend,  chaleo- 
lite,  antunite,  cleveite,  monagite,  and  other  minerals.  The  rays  are  lumi- 
nous, actinic,  and  skiagraphic.  They  also  render  the  air  through  which  they 
pass  a  conductor  of  electricity.  The  prolonged  action  of  these  rays  upon 
the  skin,  as  when  radiant  substances  are  carried  in  the  pocket,  may  produce 
burns  somewhat  similar  to  those  caused  by  a:-rays.  The  skin  is  hard,  swollen, 
arid  painful  from  erythema,  desquamation,  and  chronic  ulceration.  The  burns 
may  persist  for  months. 

Light. — The  exposure  of  the  retina  to  any  intense  light,  such  as  that  of  the 
sun  or  the  electric  arc,  calcium,  or  acetylene  lights,  and  even  ordinaiy  gas, 
incandescent,  and  lamp  lights,  is  very  destructive  to  sight  from  the  occur- 
rence of  acute  retinitis. 

Light  also  affects  the  pigment  deposition  in  the  dermal  cells.  Exposure 
to  the  sun  causes  tanning  and  freckling,  and  may  even  produce  an  acute 
dermatitis  with  vesication.  Electric  lights  may  produce  a  similar  effect,  but 
do  so  only  when  the  exposure  is  prolonged  and  the  object  in  close  proximity. 

Sounds  have  an  influence  upon  the  health  to  a  more  considerable  degree 
than  might  at  first  be  imagined.  Excessive  atmospheric  vibrations,  such  as 
accompany  the  discharge  of  cannon,  may  cause  considerable  distress  of  the 
organs  of  hearing.  Constant  noise,  as  in  boiler  and  machine  shops,  causes 
permanent  deafness.  Persistent  confusion  of  sounds,  such  as  characterize 
the  bustle  of  a  great  city,  with  occasional  outbursts  of  fire,  ambulance,  and 
police  patrol  bells,  etc.,  are  said  to  predispose  to  neurasthenia. 

Atmospheric  pressure  probably  exerts  very  little,  if  any,  influence  upon 
animals  in  their  normal  environment,  for  the  reason  that  they  have  during 
their  entire  existence  adapted  their  structure  to  the  normal  pressure.  Changes 
of  altitude,  however,  early  show  their  effects  either  through  rarity  or  increased 
pressure. 

1.  Diminished  atmospheric  pressure  is  experienced  by  all  who  ascend  high 
mountains  or  make  balloon  ascensions.  The  lips  first  become  livid,  then 
blue  ;  there  is  more  or  less  dyspnea  and  some  nervous  excitement.  Faint- 
ness,  hemorrhage,  and  vomiting  may  occur.  The  condition  is  commonly 
known  as  "  mountain  sickness." 

Diminished  atmospheric  pressure  increases  the  number  of  red  corpuscles 
in  the  blood,  with  corresponding  increase  in  their  specific  gravity  and  hemo- 
globin content.  These  changes  develop  in  a  brief  time  and  persist  after 
return  to  ordinary  altitudes. 

2.  Increased  atmospheric  pressure  is  experienced  in  diving-bells  and  suits. 
The  symptoms  consist  of  ringing  in  the  ears,  bleeding  from  the  nose,  ears, 
and  other  mucous  membranes,  delirium,  and  sometimes  palsy.  Degenera- 
tion and  vacuolation  of  the  cells  of  the  central  nervous  system  have  been 
found.  The  untoward  symptoms  make  their  appearance  upon  rapid  return 
to  the  normal  atmospheric  pressure.  The  condition  is  commonly  spoken  of 
as  "  caisson  disease." 

Season  has  its  effect  upon  disease.  During  the  winter  months  the  hos- 
pitals fill  up  with  pneumonia  cases,  the  dispensaries  with  laryngitis,  bron- 
chitis, etc.  Diphtheria  also  occurs  throughout  the  winter  rather  than 
throughout  the  summer.     With  the  advent  of  spring   typhoid  fever    and 
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malaria  make  their  appearance,  persisting  during  the  summer  and  autumn. 
In  the  summer  yellow  fever,  malarial,  and  diarrheal  diseases  are  more  fre- 
quent than  at  any  other  season.  The  explanation  of  some  of  these  diseases 
and  their  relation  to  seasons  is  easily  made.  Thus,  malarial  and  yellow  fever 
depend  upon  certain  mosquitoes,  and  occur  only  during  the  seasons  in  which 
they  are  active.  Diarrheal  diseases  of  infants  during  the  summer  depend  in 
part  upon  micro-organismal  pollution  of  the  milk ;  those  of  adults  partly 
upon  green  fruits,  partly  upon  such  parasites  as  Amoeba  coli. 

Climate  has  such  a  far-reaching  influence  upon  hfealth  and  disease  that 
climatology  has  become  an  important  study  in  recent  years.  The  features  to 
be  considered  as  bearing  upon  disease  are  the  latitude,  altitude,  character  of 
the  soil,  proximity  to  bodies  of  water,  the  number  of  trees,  and  the  preva- 
lence of  winds  and  rains. 

The  adaptability  of  the  human  being  to  his  environment  has,  through  the 
aid  of  buildings  protecting  him  from  the  weather,  fires  maintaining  the  tem- 
perature, and  clothing  to  cover  the  body,  enabled  mankind  to  overcome 
the  rigors  of  climate,  so  that  latitude  has  ceased  to  be  an  exciting  cause  of 
disease. 

Exposure  to  cold  in  Arctic  climates  may  cause  death  by  freezing,  or  the 
loss  of  parts  from  gangrene  following  freezing.  Pneumonia  is  common  in 
cold  climates  and  cold  seasons.  The  cold,  by  causing  the  members  of  a 
family  or  community  to  huddle  together  and  live  in  close  relationship  to 
their  domestic  animals,  favors  the  spread  of  diseases  communicated  from  indi- 
vidual to  individual  or  from  animal  to  man. 

In  hot  climates,  especially  when  humid,  parasitic  and  epidemic  diseases 
are  frequent.  Gastro-intestinal  diseases  also  prevail.  Excessively  hot,  dry 
climates  frequently  produce  heat  stroke  and  insolation.  The  exposure  of  the 
body  necessary  for  comfort  in  hot  climates  predisposes  to  the  occurrence  of 
diseases  transmitted  by  the  bites  of  insects,  and  to  dermal  poisonings  by 
insects,  plants,  etc. 

Temperate  latitudes  are  shown  by  the  prosperity  of  the  human  race  occu- 
pying them  to  be  best  adapted  to  the  requirements  of  mankind. 

The  effect  of  altitude  has  been  considered  under  the  head  of  Atmospheric 
Pressure. 

Moist  atmospheres  seem  to  predispose  to  tuberculosis.  Moist,  cold 
climates  appear  to  predispose  to  rheumatism. 

The  telluric  influences  are  marked,  those  regions  appearing  to  be  most 
salubrious  in  which  a  loose  soil  readily  drains  away  the  rain  water. 

Trees  are  extremely  useful  because  of  the  evaporation  of  water  that  they 
occasion,  which  dries  the  soil  and  discharges  some  moisture  into  the  air. 
They  also  utilize  the  CO^,  and  thus  continually  purify  the  air. 

'  The  peculiar  geographic  distribution  of  certain  diseases  usually  depends 
upon  the  presence  or  absence  of  their  specific  parasites  in  certain  areas.  It 
may,  however,  depend  upon  the  manners  and  customs  of  the  people. 

Intoxication. — A  poison  is  a  definite  chemical  substance  of  which  small 
quantities  are  capable  of  exerting  an  injurious  effect  upon  the  functional  or 
structural  integrity  of  the  organism. 

Such  substances  may  be  formed  within  the  body  by  its  own  metabolic 
processes  and  accumulate  in  injurious  proportions  through  failure  of  the  usual 
physiologic  mechanisms  for  their  destruction  or  elimination,  or,  as  is  more 
frequently  the  case,  may  be  introduced  from  without.  The  first  condition 
occasions  what  is  described  as  autointoxication,  autochthonous  intoxication,  or 
endogenous  intoxication  ;  the  second,  exogenous  intoxication. 

Autointoxication  results  from  the  injurious  action  of  substances  produced 
by  the  metabolic  processes  of  the  body  itself 
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In  the  metabolism  of  the  body  such  substances  are  constantly  being  formed, 
the  only  reason  they  pass  unnoticed  being  the  ready  excretion  that  they  meet 
through  the  eliminative  organs.  (In  the  section  upon  Metabolism  this  sub- 
ject will  be  treated  at  some  length.) 

Autointoxication  may  depend  upon  : 

1.  Faulty  elimination  of  excrementitious  substances  that  accumulate  in 
the  blood  and  tissues.  It  usually  makes  its  appearance  in  diseases  associated 
with  suppression  of  the  urinary  or  cutaneous  excretions  and  uremia. 

2.  Excessive  glandular  secretion  is  sometimes  of  ill  effect  upon  the  body, 
as  may  be  the  case  in  exophthalmic  goiter  with  excessive  absorption  of  thy- 
roid substance. 

3.  Irregular  absorption  of  digestive  products  may  lead  to  disease.  Thus, 
if  the  albumoses  and  peptones  absorbed  from  the  intestine  fail  to  be  trans- 
formed again  to  albumins  by  the  cellular  enzymes  in  their  passage  through 
the  intestinal  mucosa,  their  appearance  in  the  blood  causes  intoxication. 

4.  Incomplete  chemical  transformation  of  the  nucleins,  that,  instead  of 
progressing  to  the  formation  of  urea,  yield  xanthin,  hypoxanthin,  adenin, 
etc.,  causing  leukomain-poisoning.  Acetone  may  be  imperfectly  decom- 
posed in  diabetes,  causing  acetonemia. 

Leukomains  are  basic  chemical  compounds,  closely  resembling  vegetable 
alkaloids,  produced  by  the  metabolic  activity  of  the  organism.  It  is  not 
improbable  that  some  of  them  are  produced  by  bacterial  activity.  The  leuko- 
mains seem  to  be  in  part  derived  from  the  nuclein  of  the  cells,  and  in  part 
from  kreatin  from  the  muscles.  The  nucleinic  leukomains  are  numerous,  the 
most  important  being  adenin  (CjHjNj),  hypoxanthin  (CjH^N^O),  xanthin 
(CjH^N^O,),  guanin  (C5H5N5O),  heteroxanthin  (CgH^Np,),  and  paraxanthin 

These  substances  are  closely  related  to  uric  acid,  and  have  been  called 
xanthin,  alloxin,  or  purin  bases,  familiarly  as  the  alloxuric  bases.  Cyanogen 
is  shown  in  the  chemical  formula  of  nuclein  and  its  derivatives,  but  its  rela- 
tion to  them  is  not  understood. 

These  leukomains  are  for  the  most  part  whitish  amorphous  or  crystalline 
solids,  forming  neutral  solutions  in  water,  in  which  they  are  sparingly  soluble. 
They  are  almost  insoluble  in  ether.  They  have  feeble  combining  powers 
with  acids  and  alkalies. 

It  is  not  known  how  definitely  the  leukomains  are  related  to  the  produc- 
tion of  disease,  but  the  present  tendency  is  to  regard  them  as  important 
factors  in  the  affections  included  under  what  is  known  as  the  "  uric  acid 
diathesis. ' ' 

The  kreatinic  leukomains  are  closely  related  to  those  of  the  nuclein  group. 
The  principal  members  of  the  group  are  kreatin  (N(CH3)CH^COOH), 
kreatinin  (N(CH3)CH,C0),  arginin  (C^H^N.O,),  lysatin  (QII.jNjO,),  and 
lysatinin  (CgHjiNjO). 

Exogenous  Intoxication. — Exogenous  poisons  may  be  of  immediate  or 
remote  action ;  that  is,  some  of  them  at  once  act  destructively  upon  the 
tissues  with  which  they  come  in  contact,  while  others  must  be  absorbed  into 
the  blood  and  be  carried  to  the  particular  structures  upon  which  they  act. 
Their  operation  may  also  be  indiscriminate  or  selective,  the  former  having  a 
wide  destructive  effect  upon  many  different  tissue  elements,  while  the  latter 
act  onl}'-  upon  a  certain  few  cells  that  they  may  reach  only  after  a  circuitous 
route  through  the  blood  vessels. 

Poisons  of  Immediate  and  Indiscriminate  Action. — These  embrace  the 
caustics  and  irritants.  Their  effects  are  most  marked  where  they  first  reach 
the  tissues  in  greatest  concentration.  In  some  cases  the  effect  is  entirely 
local,  depending  upon  immediate  contact ;  but  in  other  cases  the  local  action 
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is  succeeded  by  the  absorption  of  the  poison  and  a  later  remote  effect.  The 
chief  poisons  belonging  to  this  class  are  the  caustic  acids  and  alkalies,  the 
salts  of  the  heavy  metals,  especially  mercury,  zinc,  silver,  and  antimony,  a 
few  vegetable  substances,  such  as  croton  oil,  mustard,  rhus,  and  some  animal 
products,  such  as  cantharidin,  venom,  etc. 

The  lesions  produced  by  each  poison  will  be  in  proportion  to  its  activity. 
Cantharides  and  mustard  applied  to  the  skin  produce  erythema,  followed  by 
vesication  and  necrosis.  Croton  oil  produces  a  characteristic  pustulation. 
The  venoms  vary  in  their  effects ;  some,  those  of  bees,  wasps,  and  spiders, 
occasioning  painful  swelling ;  those  of  scorpions,  centipedes,  and  tarantulas 
causing  much  more  marked  injury  and  destruction  of  tissue;  those  of  ser- 
pents, especially  the  viperidcs,  inducing  extensive  sloughs.  Carbolic  acid 
causes  a  whitish  eschar  to  form  upon  the  surfaces  with  which  it  is  brought 
in  contact ;  nitric  acid  destroys  the  tissues  with  which  it  comes  in  contact, 
staining  them  yellow  ;  sulphuric  acid  oxidizes  the  tissues,  covering  them  with 
a  black  pulp. 

Some  of  these  poisons  with  immediate  and  indiscriminate  action  are  harm- 
less or  nearly  harmless  when  diluted ;  but  others,  such  as  arsenic,  phosphorus, 
antimony,  and  some  of  the  venoms,  have  quite  a  marked  remote  as  well  as 
immediate  effect,  and  when  absorbed  into  the  blood,  especially  in  the  case 
of  phosphorus,  cause  widespread  parenchymatous  changes,  with  fatty  degen- 
eration of  the  liver,  kidneys,  and  other  organs. 

In  some  cases  the  absorbed  poison  is  hurried  to  certain  organs  for  elimi- 
nation, and  occasions  greater  damage  through  this  means  than  would  other- 
wise occur.  This  is  especially  true  of  cantharides  and  its  effect  upon  the 
kidneys. 

Poisons  of  Remote  and  Selective  Action. — The  absorption  of  certain 
poisons  into  the  blood  is  frequently  followed  by  a  combination  with  hemo- 
globin, by  which  the  oxygen-combining  power  is  destroyed.  The  combina- 
tion most  frequently  formed  is  methemoglobin,  isomeric  with  oxyhemoglobin 
but  so  stable  that  oxygen  cannot  be  liberated  in  the  tissues.  The  methemo- 
globin imparts  a  sepia-brown  color  to  the  blood.  Methemoglobin  is  formed 
in  poisoning  by  man)'  of  the  coal-tar  products,  such  as  acetanilid,  phenacetin, 
trional,  and  also  by  potassium  chlorate,  pyrogallol,  dinitrobenzol,  nitro- 
glycerin, anilin  oil,  etc. 

Poisonous  quantities  of  carbon  monoxid  combine  with  hemoglobin  to 
form  carbo-oxyhemoglobin,  that  has  a  cherry-red  color.  A  bright-red  color  is 
also  imparted  to  the  blood  by  hydrocyanic  acid,  depending  upon  cyanhemo- 
globin.    Sulphomethemoglobin  may  follow  inhalation  of  sulphuretted  hydrogen. 

Hemolysis  also  results  from  the  direct  action  of  poisons  upon  the  blood, 
and  is  observed  in  intoxication  from  phenacetin,  acetanilid,  antipyrin,  trini- 
trobenzol,  potassium  chlorate,  arsenated  hydrogen,  venom,  phallin,  etc. 

Coagulation  of  the  blood  may  also  be  caused  by  the  absorption  or  injec- 
tion of  ricin,  abrin,  alcohol,  ether,  heterogeneous  serums,  etc.  Nearly  all 
of  these  "blood  poisons  "  have  additional  poisonous  effects  upon  the  organs. 

One  of  the  most  interesting  phenomena  attending  intoxication  is  that  of 
selective  action.  This  is  apparently  something  more  than  the  chronic  irrita- 
tion of  those  organs  first  receiving  the  absorbed  poison,  as  is  observed  in  cir- 
rhosis of  the  liver  following  chronic  alcohol  and  lead  intoxication ;  or  the 
result  of  elimination,  as  in  bichlorid  of  mercury,  lead,  and  cantharides  elimi- 
nation, in  which  the  kidneys  are  affected,  but  bespeaks  some  actual  chemical 
affinity  between  certain  cells  or  groups  of  cells  and  the  toxic  substance. 
Thus,  one  of  the  poisons  in  serpents'  venom  is  markedly  injurious  to  the 
respiratory  center.  Lead,  when  taken  into  the  system  for  any  length  of 
time   in   small   quantities,  causes  "  wrist-drop "  from  a  form  of  peripheral 
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neuritis.  Diphtheria  toxin  selects  the  peripheral  nerves  for  its  activity,  and 
causes  neuritis  and  palsy.  Curara  acts  solely  upon  the  motor  nerves.  Tetanus 
toxin  acts  upon  the  muscles  direct  to  produce  the  tonic  spasms,  and  upon  the 
motor  cells  of  the  cord  to  produce  the  clonic  spasms.  Strychnia  stimulates 
the  respiratory  center  and  excites  the  motor  nerves  of  the  spinal  cord.  The 
bromids  and  chloral  depress  the  same  cells.  Cafifein,  digitalis,  spartein, 
strophanthus,  etc.,  act  in  various  ways  upon  the  cardiac  innervation.  Nitrite 
of  amyl  and  other  drugs  relax  the  vasomotor  nerves ;  adrenalin  stimulates 
them. 

These  illustrations  might  be  continued  almost  indefinitely,  but  enough 
have  been  given  to  show  how  remarkable  is  the  activity  of  certain  substances 
upon  specific  cellular  groups.  It  is,  indeed,  a  knowledge  of  these  specific 
actions  of  poisonous  substances  that  forms  the  foundation  of  therapeutics,  and 
it  is  only  a  thorough  knowledge  of  their  pharmacology  that  gives  medicine  a 
firm  scientific  station. 

Food  may,  through  its  excess,  deficiency,  innutritiousness,  or  unwhole-, 
someness,  act  either  as  an  exciting  or  predisposing  cause  of  disease.  The 
pathologic  states  to  which  these  abnormalities  give  rise  will  be  considered 
under  the  Disorders  of  Digestion  (^.  &.),  so  that  at  this  point  it  may  simply 
be  stated  that  lack  of  food  and  innutritions  foods  predispose  to  weakness, 
atroph);^,  marasmus,  and  starvation.  Excess  of  food  is  apt  to  occasion  gastro- 
intestinal disturbances  unless  it  happens  that  the  digestive  organs  are  able  to 
dispose  of  whabis  consumed,  when  the  tendency  will  be  toward  obesity. 

Foods  are  regarded  as  unwholesome  when  indigestible,  when  their  nutri- 
tiousness  is  below  the  adopted  standard,  and  when  chemical  changes,  such  as 
decomposition  or  putrefaction,  cause  them  to  become  irritating  or  poisonous. 

Food  poisons  usually  depend  upon  the  activity  of  fungi.  Rye  may 
become  poisonous  through  the  growth  of  the  ergot  ("  spurred  rye  ").  Corn 
is  rendered  unfit  for  use  by  the  "blight,"  a  fungous  growth.  Bacteria,  by 
their  growth  in  proteid  foods,  sometimes  produce  ptomains  that  may  be 
responsible  for  serious  symptoms  following  the  ingestion  of  the  food.  Not 
many  ptomains  are  important  in  this  way,  but  tyrotoxicon,  that  seems  to  be 
responsible  for  "  ice-cream  poisoning"  must  be  mentioned.  It  is  not  known 
upon  what  particular  bacterium  the  formation  of  tyrotoxicon  depends.  Bot- 
ulism, a  form  of  meat-poisoning  sometimes  observed  to  follow  the  use  of 
improperly  preserved  meats,  is  caused  either  by  Bacillus  botulismus  or  ptomains 
it  elaborates.  Both  forms  of  intoxication  are  characterized  by  vomiting,  diar- 
rhea, weakness,  and  collapse,  and  may  terminate  fatally.  It  is  not  impossible 
that  some  of  the  cases  of  enterocolitis  of  children  are  but  cases  of  tyrotoxicon- 
poisoning.     Cases  of  botulism  may  resemble  typhoid  fever. 

Oysters  and  other  shell-fish  may  at  times  become  infected  and  probably 
diseased,  and  cause  poisoning,  when  eaten,  characterized  by  peculiar  para- 
lytic symptoms.  From  such  oysters  Brieger  isolated  a  ptomain  called  myti- 
lo  toxin. 

Foods  may  also  be  prejudicial  to  health  because  of  parasites  which  they 
contain.  Meat  from  diseased  animals  of  all  kinds  should  carefully  be  avoided, 
as,  unless  the  cooking  be  very  thorough,  it  is  not  impossible  that  infection 
may  occur  through  the  gastro-intestinal  apparatus.  Still  more  attention  should 
be  paid  to  milk  as  a  possible  vehicle  of  infection  for  the  tubercle  bacillus. 

In  the  flesh  of  various  animals  encysted  worms — cysticerci,  trichinae,  etc. 
— maybe  present,  making  it  imperative  that  butchers  be  constantly  on  guard 
and  a  regular  meat  inspection  carried  on  to  prevent  the  use  of  such  flesh. 

This  infection  with  encysted  worms  extends  to  fish,  the  largest  of  all 
tapeworms,  the  Bothriocephalus  latus,  probably  entering  man  from  the  flesh 
of  the  pike  and  other  fishes  in  which  it  is  common. 
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Environment. — Occupation  is  a  most  important  predisposing  cause  of  dis- 
ease, its  influence  being  exerted  in  many  different  ways. 

1.  Physical  Exertion. — Inactivity,  indolence,  and  sedentary  occupations  are 
associated  with  loss  of  the  muscular  movements  essential  to  healthful  circula- 
tion and  vigorous  respiration,  and  fail  to  stimulate  the  digestive  organs  to 
free  action.  Disuse  of  the  muscles  also  leads  to  atrophy  and  consequent 
inability  to  use  them  actively.  All  disused  parts  atrophy.  Sedentary  occu- 
pations also  occasion  certain  pressure  symptoms,  as  when  from  interruption 
of  the  pelvic  circulation  hemorrhoids  occur.  The  position  of  shoemakers, 
tailors,  clerks,  scholars,  and  others  may,  by  exercising  certain  muscles  and 
failing  to  exercise  others,  occasion  various  moderate  deformities  ;  as,  io: 
example,  the  eversion  of  the  costal  margins  from  the  upward  pressure  of  the 
abdominal  organs  in  those  who  habitually  stoop  forward  while  sitting  at  desk 
or  table. 

Excessive  activity  and  overexertion  are  more  injurious,  however,  than  inac- 
tivity. The  muscles  of  the  athlete  and  laborer  undergo  compensatory  hyper- 
trophy and  call  for  increased  nutriment.  The  demands  upon  the  circulation 
in  excessive  muscular  action  are  such  that  the  heart  is  obliged  to  co-ordinate 
its  activity  with  the  demands  made  upon  it,  so  that  hypertrophy  is  inevita- 
ble. The  entire  individual  is  thus  adjusted  to  meet  the  requirements  of  his 
physical  efforts  up  to  a  certain  point,  and  no  ill  effects  result.  If,  however^- 
the  demands  upon  an  inured  physique  are  out  of  all  proportion,  as  in  such 
excessive  exertions  as  "  six-day  go-as-you-please  races,"  etc.,  the  muscular 
tissue  of  the  heart  may  be  seriously  and  permanently  damaged. 

When  the  muscular  exertions  are  violent  and  spasmodic,  as  is  apt  to  be 
the  case  with  porters,  expressmen,  deliverymen,  and  baggagemen,  the  sud- 
den increase  of  blood  pressure  incident  upon  the  violent  exertion  may  cause 
minute  cracks  or  fissures  in  the  blood-vessel  walls,  with  injury  and  throm- 
bosis of  the  vasa  vasorum,  thus  paving  the  way  for,  the  circumscribed  form 
of  arteriosclerosis  and  predisposing  to  aneurysm.  If  the  vessels  be  diseased 
already,  such  sudden  elevations  of  the  pressure  may  cause  rupture,  with 
apoplexy,  interstitial  hemorrhages,  etc.  It  is  even  possible  by  a  sudden 
violent  muscular  exertion  to  lacerate  a  valve  of  the  heart  or  rupture  the  wall 
of  the  aorta. 

2.  Exposure. — Exposure  to  the  direct  rays  of  the  sun  is  chiefly  to  be  feared 
when  the  atmosphere  is  particularly  humid,  so  that  free  evaporation  from  the 
skin  is  prevented  and  the  temperature  of  the  body  cooled.  It  is  then  that 
"heat  exhaustion,"  a  profound  depression  of  the  vital  powers  with  depressed 
temperature,  and  "sunstroke  "  or  insolation,  a  sudden  attack  of  hyperther- 
mia with  delirium  and  profound  prostration,  make  their  appearance. 

Occupations  that  bring  men  into  exceptionally  high  artificial  tempera- 
tures for  considerable  periods,  as  in  stoking  furnaces,  baking  bread,  casting 
steel,  etc.,  are  usually  associated  with  an  unusual  degree  of  activity  of  the 
skin.  When  such  persons  go  into  a  cold  atmosphere,  the  sudden  chilling  of 
the  surface  of  the  body,  with  the  determination  of  the  blood  toward  the  inter- 
nal organs,  may  result  in  serious  disturbances  of  the  lungs,  kidneys,  and  other 
organs.  Acute  congestion  of  the  lungs  and  acute  nephritis  have  been  thus 
occasioned. 

Exposure  to  all  kinds  of  weather  promotes  pulmonary  diseases,  and  the 
necessary  exposure  attending  ordinary  pursuits  during  the  winter  months  usu- 
ally fills  the  hospitals  with  cases  of  pneumonia  and  other  respiratory  diseases. 

Exposure  to  severe  winter  weather  is  apt  to  result  in  "frost-bite"  and 
"chilblain,"  and  may  terminate  in  gangrene. 

3.  Trauma. — Contact  and  injury  from  foreign  substances  may  lead  to 
serious  disorders.     Aside  from  the  numberless  contusions,  lacerations,  inci- 
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sions,  etc.,  suffered  by  workingmen,  the  action  of  certain  substances  upon 
their  skins,  eyes,  respiratory  and  digestive  organs  are  not  to  be  forgotten. 
Coal  miners  are  repeatedly  struck  by  minute  fragments  of  coal,  that  often 
bury  themselves  beneath  the  epidermis  and  remain  as  permanent  disfigure- 
ments. Miners  are  said  to  suffer  more  frequently  than  other  persons  from  a 
peculiar  little  fatty  growth  of  the  corneoscleral  margin,  and  known  as  s.  Pin- 
guecula, from  the  traumatic  lesions  of  the  eyes.  The  inhalation  of  coal  dust 
is  succeeded  by  anthracosis  or  fibrosis  of  the  lung,  depending  upon  the  chronic 
irritation  of  the  inhaled  dusts.  Contact  of  the  tissues  with  soot,  paraffin,  and 
tar  is  said  to  lead  to  epithelioma.  The  continued  trauma  of  the  muscles 
resulting  from  horseback-riding,  drilling,  etc.,  leads  to  myositis  ossificans. 

4.  Intoxication. — Many  poisonous  substances  utilized  in  the  arts  react 
disastrously  upon  those  handling  them.  Chief  among  them  are  lead,  arsenic, 
phosphorus,  and  mercury.  It  is  surprising  to  see  in  what  a  variety  of  ways 
lead-poisoning  can  occur ;  thus,  it'  may  depend  upon  the  inhalation  of  the 
lead  by  those  grinding  and  mixing  paints ;  or  by  ingestion  from  the  paint- 
stained,  and  hence  lead-stained,  fingers  of  painters.  Plumbers  and  tinsmiths 
and  roofers  may  derive  it  from  the  lead  in  pipes  or  the  solder  with  which 
they  work ;  seamstresses  have  been  known  to  become  poisoned  by  biting  off 
colored  threads  brought  in  contact  with  lead  solutions  during  dyeing. 

Arsenic  is  used  in  many  colors  for  printing  wall  papers,  etc. ,  and  in  vermin 
exterminators,  medicines,  etc.,  from  all  of  which  it  may  accidentally  be  in- 
haled or  ingested  and  occasion  poisoning. 

Mercurial  poisoning  is  observed  in  barometer  makers,  chemists,  and  elec- 
tric-light bulb  makers,  who  work  with  mercurial  vacuum  pumps,  etc. 

Phosphorus-poisoning  is  usually  observed  in  match  factories. 

5.  Nerve  Exhaustion. — This  is  chiefly  observed  in  excessive  nervous  ten- 
sion and  overwork.  It  sometimes  manifests  itself  in  general  nervous  depres- 
sion, with  intellectual  confusion,  loss  of  memory,  loss  of  responsibility, 
fatigue,  and  malaise.  It  may,  however,  be  more  local  in  manifestation, 
affecting  first  certain  nerves  and  motor  areas  before  extending  generally 
through  the  brain.  This  is  seen  in  such  occupation  neuroses  as  writers' 
cramp,  etc.,  where  the  particular  member  most  used  cannot  longer  be  prop- 
erly innervated  and  made  to  perform  its  functions. 

Association  of  Man  with  Man. — All  occupations  that  lead  to  overcrowd- 
ing, as  in  the  "sweat-shops,"  are  detrimental  because  of  the  vitiation  of 
the  atmosphere,  as  well  as  because  disease  germs  are  so  apt  to  be  passed  from 
one  workman  to  another.  Tuberculosis  becomes  in  this  way  the  dreaded 
scourge  of  the  tenement  districts. 

As  this  crowding  is  chiefly  among  workmen  of  the  poorer  classes,  and  as 
such  workmen  are  apt  to  be  ignorant,  careless,  and  dirty,  parasites  abound 
among  the  crowded — ^bacteria,  protozoa,  worms,  insects,  etc.,  all  coming  in 
for  their  place. 

Every  form  of  contagious  disease  is  favored  by  intimate  association  of 
man  with  man,  and  all  occupations  requiring  the  close  confinement  of  num- 
bers of  persons  in  limited  space  should  be  carefully  supervised  in  order  that 
tuberculosis,  leprosy,  syphilis,  etc.,  be  guarded  against. 

The  innocent  transfer  of  syphilis  from  individual  to  individual  is  not 
infrequently  brought  a.bout  by  the  use  of  tools,  etc.  Thus,  in  glass  factories 
a  pipe  for  blowing  bottles,  lamp  chimneys,  etc.,  is  often  passed  from  man  to 
man  as  the  different  stages  of  the  work  are  accomplished,  the  infectious  virus 
from  a  mucous  patch  in  the  mouth  of  one  man  being  transferred  to  his  healthy 
and  innocent  neighbor. 

The  common  use  of  toilet  articles  by  a  number  of  men  and  women  is  not 
without  danger  from  infection,  as  towels  may  be  infected  with  gonococci  by 
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the  fingers  of  one  person,  and  the  organisms  so  transferred  to  the  eyes  of 
others.  Parasitic  scalp  affections  may  also  be  transferred  from  man  to  man 
by  the  use  of  combs  and  brushes.  In  public  eating-houses  the  badly  washed 
knives,  forks,  and  spoons  may  transfer  syphilitic  or  tuberculous  virus  from 
man  to  man,  while  the  cups  at  public  drinking-fountains  may  do  the  same. 

By  sexual  contacts,  though  also  occasionally  by  innocent  personal  con- 
tacts, and  rarely  by  fomites,  the  venereal  diseases — gonorrhea,  syphilis,  and 
chancroid — are  communicated  from  one  to  another  individual. 

Association  of  man  and  the  domestic  animals  may  result  in  the  com- 
munication of  diseases.  Thus,  those  who  are  constantly  brought  into  con- 
tact with  horses,  as  jockeys,  hostlers,  cavalrymen,  etc.,  sometimes  become 
infected  with  glanders. 

Butchers  and  veterinary  surgeons  occasionally  inoculate  themselves  with 
tuberculosis  from  animals  they  dissect. 

Plague  is  recognized  to  be  primarily  a  disease  of  the  rat,  first  making  its 
appearance  where  poverty  and  crowding,  filth  and  -rats  are  associated. 

Psittacosis,  an  epidemic  pulmonary  disease  of  parrots,  has  on  several  occa- 
sions been  transmitted  to  man  with  resulting  fatal  epidemics.  In  one  such 
epidemic  in  France  70  persons  were  affected,  with  34  deaths. 

Cow-pox  was  first  observed  as  a  contagious  disease  upon  the  fingers  and 
hands  of  milkmaids  and  dairymen,  resulting  from  contact  with  diseased  cows' 
udders. 

Hydrophobia,  an  infectious  disease  of  the  lower  animals,  especially  of  the 
canine  animals,  is  usually  transmitted  to  man  through  the  bite  of  a  dog. 

Parasitic  and  suctorial  insects  which  prey  upon  the  lower  animals  some- 
times also  turn  upon  man,  transferring  to  his  skin  or  tissues  the  parasitic 
organisms  they  have  taken  up. 

Higher  parasites,  especially  parasitic  worms,  sometimes  have  their  adult 
existence  in  the  lower  animals  and  their  embryo  existence  in  man,  or  vice 
versa.  The  result  is  that  where  man  and  the  lower  animals  live  in  close 
association,  the  ova  of  these  parasites  are  more  easily  transferred  from  one  to 
another  than  under  other  conditions.  Thus,  the  Esquimaux,  who  live  in 
most  intimate  relation  with  their  dogs,  are  said  to  suffer  more  than  other 
peoples  from  the  Tcenia  echinococcust.  In  parts  of  Europe  in  which  dogs  are 
held  in  high  esteem  as  household  companions  the  tapeworm  is  most  common. 
In  America,  where  greater  cleanliness  is  observed  and  dogs  are  given  their 
proper  place  in  the  household,  this  parasite  is  scarcely  known. 

The  trichophytons  are  probably  in  large  measure  derived  from  the  lower 
animals,  which  are  not  infrequently  affected. 

Contact  witli  wild  animals  may  be  followed  by  serious  results  to  man. 
Aside  from  their  ability  to  do  physical  harm  because  of  size,  structure,  irrita- 
bility, etc.,  certain  animals  are  provided  with  devices  for  introducing  poisons 
with  marked  destructive  effect  upon  the  tissues.  Such  venom  apparatus  may 
be  in  the  head,  the  poison  being  introduced  through  wounds  inflicted  by  the 
teeth,  as  in  the  serpents,  centipedes,  and  spiders ;  or  may  be  at  the  tail,  the 
instrument  of  injection  being  a  modified  ovipositor,  as  in  the  scorpions,  bees, 
and  wasps.  Other  animals  are  provided  with  cutaneous  venoms  for  offensive 
purposes,  as  the  toad,  certain  salamanders,  and  certain  myriapods,  as  lulus 
terrestris.  Still  other  animals,  as  the  polecat,  possess  mephitic  glands,  usually 
situated  near  the  anal  orifices  and  sexual  glands,  that  secrete  an  extremely 
disgusting  fluid  whose  physiologic  effects  upon  small  animals  may  be  marked, 
though  only  disagreeable  to  man. 

The  quantity  of  these  organic  poisons  necessary  to  do  injury  varies  with 
their  quality. 

The  best  known  are  those  of  the  hymenopterous  insects  and  serpents.     In 
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a  number  of  cases  a  single  wasp  or  bee  sting  has  caused  death.  It  is  esti- 
mated that  in  India  no  fewer  than  20,000  human  beings  succumb  each  year 
to  the  bites  of  venomous  serpents.  Of  the  serpents,  the  cobras  and  vipers  are 
the  chief  venomous  forms.  The  venom  contains  several  injurious  principles, 
one  of  which  appears  to  act  upon  the  respiratory  nerve  centers,  another  upon 
the  blood,  and  a  third  upon  the  tissues  with  which  it  comes  in  contact,  causing 
necrotic  changes,  destruction  of  the  small  blood  vessels,  hemorrhagic  extra- 
vasations into  the  damaged  areas,  and  a  marked  predisposition  to  infection, 
and  a  fourth  principle  that  destroys  the  germicidal  action  of  the  blood. 

Wolves,  wildcats,  skunks,  and  other  wild  animals  may  also  suffer'  from 
rabies,  in  paroxysms  of  which  they  make  delirious  attacks  upon  human 
beings,  snapping  and  biting  and  thus  transmitting  rabies  to  them. 

Parasitic  diseases  of  the  wild  animals  may  be  transmitted  to  man  through 
the  intermediation  of  suctorial  insects,  and  may  also  sometimes  probably  be 
transmitted  to  man.  Thus,  the  trypanosome  disease  of  South  Africa  known 
as  nagana  or  "tsetse-fly  disease,"  and  the  Indian  "surra"  or  cattle  plague, 
occur  only  when  certain  flies  (Glossina  morsitans  in  the  case  of  nagana)  are 
present  to  convey  the  parasites.  Nagana  makes  its  appearance  in  a  locality 
only  when  big  game  pays  it  a  visit.  > 


CHAPTER    II. 
DEFECTS  OF  DEVELOPMENT. 

Any  departure  from  the  normal  embryonal  developmental  processes  leads 
to  a  subsequent  structural  defect  known  as  a  malformation.  Some,  that 
regularly  recur  in  the.  same  form  and  probably  depend  upon  similar  causes, 
are  described  as  typical,  others  as  atypical  malformations.  Every  variation 
may  occur,  from  defects  so  trivial  or  concealed  as  to  pass  unnoticed,  to  absence 
of  parts  essential  to  life. 

Grossly  malformed  individuals  are  called  monsters.  The  malformations 
may  include  structural  defects  of  a  single  individual,  of  a  partly  divided 
individual,  or  of  two  or  more  united  individuals.  The  partly  divided  indi- 
viduals and  the  united  twins  and  triplets  are  known  as  double  and  triple 
monsters. 

Malformations  are  serious  according  to  degree.  Thus,  a  harelip  may 
be  unsightly,  interfere  somewhat  with  sucking  in  babyhood,  and  necessi- 
tate surgical  remediation,  but  cannot  be  called  a  serious  deformity ;  spina 
bifida  resulting  from  rachischisis  is  sooner  or  later  fatal,  either  from  rupture 
of  the  cyst  and  loss  of  cerebrospinal  fluid  or  infection ;  while  congenital 
absence  of  the  heart  is  incompatible  with  extra-uterine  existence. 

Many  causes  lead  to  malformation,  but  few  are  fully  understood.  They, 
are  usually  divided  into  internal  causes,  that  exist  in  the  germ  itself,  and 
external  causes,  that  act  upon  the  developing  embryo  from  without,  and  by 
pressing  upon  it,  forming  adhesions  to  it,  etc.,  distort  its  developing  parts. 
The  external  causes  probably  less  frequently  occasion  malformations  than 
might  be  supposed,  as,  when  serious,  they  usually  occasion  the  death  of  the 
embryo. 

It.  must  be  understood  that  the  causes  that  are  to  bring  about  serious  mal- 
formations must  operate  upon  the  embryo  while  it  is  very  young  and  in  a 
stage  of  development  adapted  to  modification.  The  greater  number  prob- 
ably occur  before  the  third  month.  '  The  operation  of  external  forces  in 
later  fetal  life  produces  conditions  resembling  those  acquired  after  birth, 
though  the  diiference  in  environment  explains  the  variations.  Concern- 
ing the  intrinsic  causes  that  operate  to  produce  monsters  during  the  first 
three  months  of  embryonal  existence,  we  are  acquiring  more  and  more 
information  as  the  result  of  experimental  work  upon  the  ova  of  invertebrate 
and  occasionally  upon  vertebrate  animals.  Thus,  it  is  now  known  that  by 
jarring,  rotating,  and  transposing  the  egg  during  its  early  segmentation  defi- 
nite monstrous  developments  can  be  determined. 

I.  Single  Malformations. — These  occur  in  single  individuals,  and 
may  be  divided  as  follows  : 

{a)  Depending  upon  Intrinsic  Causes i.  Aplasia,  or  complete  failure 

of  development,  may  be  general  or  local.  If  general,  the  cessation  of  devel- 
opment is  followed  by  the  death  of  the  embryo  and  its  expulsion  as  an  abor- 
tion. In  some  cases,  however,  the  products  of  conception  are  retained  and 
absorbed  in  part;  the  remainder,  usually  the  membranes,  forming  fleshy 
masses  known  as  moles.  The  chorion  sometimes  degenerates  in  a  peculiar 
manner,  by  which  its  villi  become  cystic  and  the  whole  thing  forms  a  mass 
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similar  to  a  bunch  of  grapes.  This  is  called  a  hydatiform  or  hydatidiform 
■mole. 

Instead  of  being  absorbed,  the  embryo,  especially  in  abdominal  pregnan- 
cies, sometimes  becomes  incrusted  or  impregnated  with  mineral  salts  and 
forms  what  is  known  as  a  lithopedion.  Small  calcified  fetuses  may  be  carried 
about  in  the  abdominal  cavity  for  years  and  still  perfectly  retain  their  external 
configuration. 

Local  aplasia  manifests  itself  in  the  congenital  absence  of  parts  of  the 
body — fingers,  toes,  limbs,  and  internal  organs.  Its  importance  depends 
upon  the  relation  of  the  aplastic  organ  to  the  general  vital  condition.  In 
the  acephalic  and  acardiac  monsters  the  developmental  defects  are  neces- 
sarily incompatible  with  life. 

Failure  of  some  or  all  of  the  limbs  to  develop,  with  resulting  amelus,  is 


Fig.  I. — Agnathus  ectromelus  apus  (Lewis). 


Fig.  2. — Amelus  (Ziegler). 


an  important  and  familiar  form  of  aplasia.  It  must,  however,  be  carefully 
differentiated  from  the  intra-uterine  amputations  that  sometimes  occur  in 
consequence  of  amniotic  adhesions  and  bands  pressing  upon  and  ligating  the 
developing  limbs. 

2.  Hypoplasia. — Failure  of  organs  and  members  to  attain  their  full  size  is 
a  common  defect.  Thus,  a  large,  well-developed  kidney  upon  one  side 
of  the  body  is  sometimes  accompanied  by  a  mere  rudiment  of  the  corre- 
sponding organ  of  the  other  side.  Sometimes  the  extremities  of  the  body  are 
hypoplastic,  and,  with  a  large  head  and  body,  only  rudimentary  limbs  are  pres- 
ent, as  in  micromelus.  Aplasia  and  hypoplasia  are  responsible  for  many  of  the 
cases  of  congenital  absence  of  parts.  Sometimes  the  entire  limbs  are  absent 
{amelus')  or  abortive  {ectromelus')  \  sometimes  single  limbs  are  absent.  Some- 
times the  limbs  are  absent  but  the  hands  and  feet  present,  but  directly  attached 
to  the  trunk  {phocomelus).    Sometimes  single  bones  of  the  limbs  are  absent; 
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sometimes  the  clavicles  are  absent.  The  congenital  absence  of  internal 
organs  also  occurs,  being  particularly  frequent  in  the  paired  organs,  one  of 
which  may  be  absent  or  rudimentary,  while  the  other  compensatorily  per- 
forms its  function.  Congenital  absence  of  the  genital  organs  may  occur 
without  any  other  malformation  of  the  body. 

3.  Schistosis,  or  incomplete  union  of  the  fetal  arches,  is  a  common  cause 
of  deformity.     It  may  be  anterior,  posterior,  or  lateral. 

Anterior  Schistosis. — Schistosis  of  the  face  may  depend  upon  rudimen- 
tary development  or  incomplete  fusion  of  any.  of  the  branchial  arches. 
Aprosomia  or  schistoprosopia,  a.  very  rare  deformity,  depends  upon  hypo- 
plasia of  the  first  branchial  arches,  so  that  the  face  does  not  develop,  and, 
where  it  should  have  appeared,  only  an  irregular  surfkce  or  fissure,  with  mal- 
formed eyes  and  nose,  exists.  Much  more  frequently  the  facial  defects  are 
less  radical  and  affect  the  lips,  upper  jaw,  and  palate,  producing  the  familiar 
"harelip"  or  cheiloschisis,  the  "cleft  palate  "  or  palatoschisis,  or  the  com- 


Fronionasal  process, 
Globular  process. 
Maxillary  process. 
Mandibular  process. — \t^ 


Orbital  fissure. 
Internasal  fissure. 

Maxillary  fissure. 
Intermandibular  fissure. 


Fig.  3.- 


-Head  of  an  embryo,  showing  the  disposition  of  the  facial  fissures  (semi-diagrammatic) 

(Sutton). 


bination  of  cleft  palate,  cleft  upper  jaw,  and  harelip,  or  cheilognathopalato- 
schisis. 

The  most  frequent  median  defect  is  probably  the  divided  uvula,  which 
commonly  passes  unobserved. 

Prosoposchisis  is  characterized  by  fissures  passing  from  the  mouth  to  the 
orbit  either  through  the  nostril,  or  across  from  the  nostril  to  the  orbit,  or 
ascending  obliquely  from  the  corner  of  the  eye,  through  the  cheek,  toward 
the  canthus  of  the  eye,  dividing  the  maxillary  bone  externally  to  the  canine 
tooth. 

A  fissure  also  sometimes  extends  from  the  corner  of  the  mouth  toward  the 
temporal  region,  and  is  a  cause  of  what  is  known  as  macrostomia.  In  very 
rare  cases  the  mandibular  tubercles  fail  to  develop,  and  a  deformity  known 
as  agnathia,  or  absence  of  the  jaw,  results.  In  the  case  described  by  Guar- 
dan  the  ears  were  conjoined  beneath  the  palate  {synofia^. 

Median  fissures  extending  upward  through  the  nose  and  upper  jaw,  through 
the  symphysis  mentis,  -and  along  the  front  of  the  neck  are  occasionally  seen. 

Incomplete  fusion  of  the  branchial  clefts  also  leads  in  not  infrequent  cases 
to  fistulous  communications  between  the  pharynx,  larynx,  or  the  trachea  and 
the  exterior.  These  are  known  as  fistulce  colli  congenita.  By  irregular 
though  complete  closure,  with  inclusion  of  surface  or  pharyngeal  epithelium, 
the  branchial  cysts  may  be  formed. 


38  DEFECTS  OF  DEVELOPMENT. 

Incomplete  union  of  the  anterior  thoracic  wall  (Jhoracoschisis)  is  very 
rare ;  it  may  lead  Jo  ectopia  cordis.  The  abdominal  wall  is  not  infrequently 
defective  in  the  umbilical  and  pubic  regions.  The  omphalomesenteric  duct, 
by  which  the  intestine  and  the  umbilical  vesicle  communicate,  usually  be- 
comes occluded  by  the  sixth  week,  but  the  abdominal  wall  is  not  perfected 
until  the  eighth  week.  The  result  is  that  the  region  of  the  umbilicus,  which 
is  the  last  to  close,  is  apt  to  be  the  most  imperfect  part  of  the  wall,  and  may 
by  its  defect  lead  to  the  formation  of  an  omphalocele  or  umbilical  hernia  or 
hernia  funiculi  umbilicalis.  In  rare  cases  the  whole  abdomen  may  be  open 
by  a  persistent  central  fissure  {gastroschisis  completd)  ;  and  in  still  more  rare 
cases  both  the  thoracic  and  abdominal  walls  may  be  open  {thoracogas- 
troschisis).  The  abdominal  walls  in  these  cases  are  not  separated  from  the 
amnion.  The  viscera  lie  in  a  sac  composed  of  peritoneum  and  amnion.  The 
peritoneum  may  also  be  absent ;  and  it  is  sometimes  observed  that  there  is 
no  umbilical  cord,  the  umbilical  vessels  taking  the  shortest  course  to  the 
placenta. 

When  the  gastroschisis  is  low  down  in  the  pubic  region  an  extrophy  of 
the  bladder  or  ectopia  vesiccB  urinarice  is  very  common.  Not  infrequently 
the  bladder  is  as  defective  as  the  abdominal  wall  itself,  and,  being  open  in 
the  anterior  median  line,  inverts  through  the  abdominal  opening  {inversio 
vesiccB  urinarice).  The  condition  is  not  infrequently  combined  with  the 
defective  development  of  the  penis  by  failure  of  union  of  its  anterior  surface, 
so  that  epispadias  or  fissura  genitalis  occurs. 

In  very  rare  cases  the  defect  of  the  abdominal  wall  is  accompanied  by  a 
defect  of  the  intestine,  usually  in  the  cecum  or  colon,  which  becomes  inverted, 
so  that  its  mucous  membrane  projects  from  the  parietal  defect. 

Von  Recklinghausen  has  observed  that  clefts  of  the  upper  part  of  the 
abdominal  wall  are  often  combined  with  craniorachischisis,  while  defects  of 
the  lower  part  sometimes  accompany  myelocystocele.  What  relationship 
may  exist  between  the  two  conditions  is  not  known. 

When  the  fissures  resulting  from  schistosis  occur  about  the  sexual  organs 
the  cleft  scrotum  is  of  particular  interest  because  of  the  resemblance  to  her- 
maphroditism. The  fissure  in  the  scrotum  occupies  the  position  of  the  raphe 
and  extends  backward,  looking  very  much  like  the  vulvar  fissure,  while  the 
testicle  on  each  side  causes  a  prominence  closely  simulating  the  labia  majora. 
If,  as  often  happens,  the  testicles  fail  to  descend,  the  resemblance  to  the 
female  is  generally  increased,  especially  if  the  penis  be  small. 

Posterior  Schistosis. — When  union  of  the  arches  forming  the  spinal 
column  fails  to  take  place,  posterior  schistosis  or  rackischisis  occurs.  The 
condition  receives  various  names  according  to  its  position  and  extent ;  thus, 
if  the  entire  spinal  canal  remains  open,  it  is  described  as  holorachischisis  or 
rachischisis  totalis ;  if  only  partly  open,  as  merorachischisis  or  rachischisis 
partialis.  This  is  the  more  frequent  form  of  separation,  and  usually  affects 
the  sacrolumbar  part  of  the  spinal  column.  When  the  defect  embraces  both 
the  spinal  cord  and  cranium,  as  is  commonly  the  case,  it  is  called  cranio- 
rachischisis. 

When  a  case  of  rachischisis  is  carefully  examined,  it  is  usually  observed 
that  the  defective  tissue  is  of  a  bright-red  color,  and  is  covered  by  a  peculiar 
velvety  tissue  closed  in  by  a  delicate  integument,  which  may  be  in  small 
amount  or  even  wanting.  "  External  to  this  tissue  mass,  which  is  not  every- 
where equally  abundant,  and  which  decreases  at  the  sides,  comes  a  delicate, 
transparent,  vascular  skin  ;  next  a  zone  of  skin  with  epidermis,  but  somewhat 
thinner  than  the  normal  skin,  and  often  bearing  abundant  hairs ;  then  finally 
comes  the  normal  skin."  "According  to  von  Recklinghausen,  the  soft  red 
tissue  mass  is  the  malformed  spinal  cord,  and  is  an  extremely  vascular  tissue. 
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containing  often  more  or  less  abundant  parts  of  the  spinal  cord,  as  nerve 
fibers,  ganglion  cells,  and  glia  cells,  and  is,  therefore,  appropriately  called  the 
area  medullovasculosa."  ....  "The  tegument  upon  which  the  area  me- 
duUovasculosa  lies  is  only  the  pia  mater,  which  also  continues  into  the  red 
zone,  which  being  also  covered  with  epithelium  is  designated  as  the  zona  epi- 
theloserosa."  "The  prominent  zone  bordering  this  and  covering  the  rudi- 
ments of  the  posterior  vertebral  arches  is  formed  of  cutis,  and  is  known  as 
the  zona  dermaticay 

Von  Recklinghausen  believes  that  rachischisis  depends  upon  agenesis  or 
hypoplasia  of  the  dorsal  ridges  from  which  the  vertebral  arches  are  to  be 
formed.     The  malformation  of  the  spinal  cord  so  marked  in  these  cases  is 


Fig.  4. — Anencephalia. 


to  be  referred  to  the  earliest  developmental  period,  and  probably  results  from 
underdevelopment  of  the  blastoderm. 

The  chief  deformities  resulting  from  craniorachischisis  and  rachischisis 
are  anencephaly  and  spina  bifida. 

Anencephaly,  acrania,  cranioschisis,  and  craniorachischisis  occur  in  con- 
sequence of  failure  of  the  cranial  bones  to  develop  or  to  attain  their  full  size, 
or  because  of  abnormal  openings  between  the  cranial  bones,  through  which 
hernial  protrusions  of  the  brain  and  its  membranes  occur  and  occasion 
subsequent  atrophy  of  the  bones.  In  some  cases  when  the  bones  are  present 
and  formed,  but  the  cranium  for  various  reasons  is  extremely  small,  the  term 
microcephalus  is  applied. 

The  most  frequent  condition  is  probably  the  craniorachischisis,  in  which 
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Fig,  5. — Craniorachischisis  (Ziegler). 

the  upper  part  of  the  spjnal  canal  and  of  the  cranial  bones  fail  to  develop. 
The  head  may  be  very  small  and  consist  almost  entirely  of  face.     The 


Fig.  6.— Spina  bifida  (White). 
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vault  of  the  skull  is  lost,  and  is  often  represented  by  a  concavity  covered 
with  the  soft,  red,  velvety  skin  of  the  area  cerebrovasculosa.  The  subjacent 
tissue  may  contain  only  scattered  patches  of  brain  substance.  The  head  of 
the  anencephalic  monster  is  usually  retracted  and  forms  the  area  cerebrovas- 
culosa, the  red  tissue  continuing  down  the  back  a  variable  distance. 

If  no  brain  tissue  can  be  found,  the  condition  is  described  as  complete 
anencephalia  ;  when  rudiments  of  brain  tissue  are  present,  as  partial  or  incom- 
plete anencephalia. 

Through  the  defects  in  the  cranium  hernial  protrusions  of  the  membranes, 
or  of  the  brain  substance  enclosed  in  its  membranes,  may  occur.  The  purely 
membranous  herniae  are  called  meningoceles ;  the  cerebral  herniae,  encephalo- 
celes ;  combinations  of  both  are  called  encephalomeningoceles.  In  rare  cases 
parts  of  a  ventricle  may  be  included  in  the 
hernia,  the  condition  being  then  called  hydren- 
cephalocele.  By  most  authors  anencephalic 
conditions  are  supposed  to  depend  upon  hydro- 
cephalus occurring  before  the  fourth  month,  but 
the  depressed  and  inverted  position  of  the  re- 
maining cranial  bones  has  led  others  to  think 
the  condition  depends  upon  some  external  pres- 
sure, such  as  might  be  caused  by  the  cephalic 
cap  of  the  amnion.  Lebedeff  thinks  the  con- 
dition depends  upon  an  abnormally  sharp  cur- 
vature of  the  embryonal  body,  occurring  when 
the  end  of  the  embryo  has  elongated  abnor- 
mally or  the  cephalic  envelope  lagged  behind 
in  development.  By  this  means  the  medullary 
plate  is  prevented  from  changing  into  the  neu- 
ral canal,  or  after  so  changing  is  destroyed. 
The  cystic  formations  often  found  about  the 
base  of  the  skull  are  supposed  to  be  fragments 
of  the  medullary  plate  included  in  the  meso- 
derm. % 

Ziegler  is  of  the  opinion  that  acrania  is  not 
always  caused  by  the  same  factors,  and,  while 
in  some  cases  Lebedeff  may  be  correct,  other 
cases  probably  depend  upon  adhesions  to  the 
cranial  bones,  and  still  others  to  aplasia  of  the 
cranial  bones. 

Hernial  protrusions  of  the  brain   and  its 
membranes  usually  occur  in  the  occipital  re- 
gion, not  far  from  the  foramen  magnum,  but  may  also  occur  at  the  root  of 
the  nose,  in  the  temporal  region,  the  orbital  fissure,  and  at  the  base  of  the 
skull. 

Anencephaly  is  incompatible  with  life,  and  though  such  monsters  may  be 
borp  alive,  they  never  live  more  than  a  few  moments,  probably  because 
of  the  absence  of  the  essential  nervous  ganglia  of  the  base  of  the  brain. 

Spina  bifida  is  a  deformity  resulting  from  schisis  of  the  inferior  part  of 
the  posterior  wall  of  the  spinal  canal.  The  defective  bony  arches  failing 
to  support  the  weight  of  the  contained  cerebrospinal  fluid  cause  bulging,  and 
later  hernial  cystic  protuberance,  in  the  sacral  region.  Ordinarily  the  con- 
dition results  in  myelomeningocele,  though  hydromeningocele,  myelocele,  myelo- 
cystomeningocele, and  myelocystocele  may  also  occur. 

As  is  usual  in  cases  of  rachischisis,  there  is  evidence  of  an  area  medullo- 
vasculosa,  though  it  is  not  rarely  reduced  to  small  patches  of  vascular  tissue 


Fig.  7. — Spina  bifida  (menin- 
gomyelocele), showing  cord  and 
nerves  crossing  sac  (Guy's  Hos- 
pital Museum). 
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scattered  about  in  the  skin  covering  the  tumor.  The  skin  extends  well  up  on 
the  tumor  and  may  cover  it,  and  occasionally  its  surface  is  hirsute.  The 
membranes  of  the  cord  are  imperfect,  and  the  dura  mater  is  absent  over  the 
posterior  surface  of  the  cyst. 

The  mechanism  of  formation  and  morbid  anatomy  of  the  condition  are 
very  simple.  The  rachischisis  permits  fluid  to  collect  in  the  subarachnoid 
space  and  form  a  local  distention  that  causes  the  dura  to  atrophy,  yield,  and 
permit  the  formation  of  a  sac  in  the  subcutaneous  tissues.  Ihe  spinal  cord 
is  usually  drawn  posteriorly,  and  the  nerve  roots  may  pass  through  the  sac 
or  along  its  walls. 

The  names  applied  to  the  condition  depend  upon  its  anatomic  structure. 
If  it  is  simply  a  bulging  of  the  distended  membranes,  it  is  called  a  meningo- 
cele, or  a  hydromeningocele,  or  a  hydrorrhachis  externa  circumscripta.  If 
the  spinal  cord  be  included  in  the  hernial  protrusion,  it  is  a  myelocele  or  a 
myelomeningocele. 

In  nearly  all  cases  the  hernia  protrudes  posteriorly,  forming  the  ordinary 


^FiG.  8. — Cyclocephalus  (Falk). 


Spina  bifida  or  posterior  meningocele ;  but  in  rare  cases  it  may  protrude  ante- 
riorly, forming  an  anterior  meningocele.  The  central  canal  of  the  spinal  cord 
is  sometimes  dilated,  and  at  the  defective  part  of  the  spinal  column  causes 
the  formation  of  a  hernial  pouch  made  up  of  the  spinal  cord  and  its  mem- 
branes, this  being  known  as  a  syringomyelocele,  myelocystocele,  or  hydro- 
myelocele. 

In  some  cases  of  rachischisis  there  is  division  or  reduplication  of  the 
spinal  cord  as  well  as  a  defect  of  osseous  union.  This  condition  is  prob- 
ably dependent  upon  a  faulty  union  of  the  elementary  symmetric  cord  halves, 
not  to  actual  duplications. 

Spina  bifida  is  a  serious  malformation  that  in  the  majority  of  cases  de- 
stroys life  by  rupture  following  progressive  increase  in  the  size  of  the  cyst 
and  thinning  of  the  coverings.  The  entailed  loss  of  cerebrospinal  fluid, 
together  with  the  infections  that  are  almost  sure  to  occur,  are  fatal.  Persons 
afflicted  with  the  trouble  sometimes  live  to  adult  life,  but  are  subject  to  motor 
and  other  nervous  disorders  resulting  from  the  pressure  of  the  fluid  accumu- 


SINGLE  MALFORMATIONS. 


43 


lation  upon  the  spinal  cord  and  nerves,  and  from  atrophy  of  the  essential 
nervous  elements. 

4.  Synactosis,  or  abnormal  union  of  parts,  is  a  less  frequent  cause  of 
malformation  than  schistosis.  It  sometimes  occurs  in  the  form  of  an  incom- 
plete separation  of  parts  that  should  normally  differentiate ;  sometimes  as  a 
fusion  of  contiguous  parts.  Thus,  in  cases  in  which  the  anterior  cerebral 
vesicle  is  hypoplastic,  the  development  of  the  brain 
leads  to  the  formation  of  a  sac-like  nervous  mass  filled 
with  clear  fluid.  Or,  if  the  brain  is  not  so  simple, 
portions  of  its  tissue  may  be  wanting,  and  the  olfac- 
tory bulbs,  the  corpus  callosum,  some  of  the  convo- 
lutions, etc.,  absent.  The  optic  thalanii  are  some- 
times united.  The  corpora 
quadrigemina,  pons,  me- 
dulla, and  cerebellum  are 
usually  not  involved. 

The  anterior  part  of  the 
skull  may  be  markedly  de- 
formed, and  there  may  be 
a  single  orbit  containing  a 
single  eye  or  two  imper- 
fectly differentiated  eyes. 
Such  a  monster  is  described 
as  a  Cyclops  {cyclopia  or  syn- 
ophthalmid).  The  nose  is 
usually  also  much  deformed, 
and  may  be  represented  by 
a  fleshy  lump,  usually  situ- 
ated above  the  eye  {arhinen- 
cephalia  and  ethmocephalid). 
The  ethmoid  and  nasal  septa 
may  be  absent.  Harelip  and 
cleft  palate  are  frequently  as- 
sociated conditions.  The  re- 
sult of  the  bony  deformities 
is  that  the  anterior  aspect  of 
the  head  is  extremely  nar- 
rowed and  may  resemble  a 
wedge. 

The  limbs — i.  e.,  the  lower  limbs,  sometimes  coalesce,  so  that  the  indi- 
vidual terminates  inferiorily  in  a  conical  extremity  suggesting  a  mermaid's 
tail.  This  condition  is  known  as  sympus,  sirenomelia,  or  symmelia.  At  the 
end  of  the  sympus  more  or  less  deformed  feet  may  be  attached,  the  cases 
being  subdivided  into  sympus  apus  (without  feet),  sympus  monopus  (with  one 
foot),  sympus  dipus  (with  two  feet). 

More  frequent  are  synactoses,  or  webbing  of  the  fingers  and  toes  {ptero- 
dacfylus).  Actually  coalescent  fingers  and  toes  also  occur  (syndactylus'). 
Fusion  of  the  fingers  is  known  ss,  perochirus ,  as  differentiated  ixoxnperopus,  or 
fusion  of  the  toes.  Such  fusions  are  accompanied  by  more  or  less  marked 
osseous  fusion  and  deformity. 

Under  the  caption  of  synactosis  the  imperforate  anus  and  vagina  and  the 
various  atresise  might  be  mentioned,  but  in  most  cases  it  is  difficult  to  deter- 
mine whether  they  depend  upon  fusion  of  parts  adjacent  to  them  or  cessa- 
tions of  development,  so  that  they  may  be  better  treated  under  a  separate 
heading. 


Fig. 


9. — Sireniform 
(Ballantyne). 


fetus 


apus 


44 


DEFECTS  OF  DEVELOPMENT. 


5.  Multiplicitas  membrorum  is  not  common  except  in  those  forms  of 
malformation  that  can  be  properly  included  among  the  double  monsters.  Its 
most  frequent  occurrence  is  in  the  form  of  supernumerary  fingers  and  toes 
{polydactylus).  As  many  as  ten  fingers  have  sometimes  been  observed  on 
one  hand.  It  may  in  rare  cases  give  rise  to  supernumerary  ears,  especially 
in  the  lower  animals.  Quite  frequently  one  finds  supernumerary  internal 
organs,  but  usually  in  lobulated  tissues,  whose  accidentally  widely  separated 
lobules  may  account  for  the  phenomena.  Thus,  the  pancreas  is  probably 
the  organ  most  frequently  ■  accompanied  by  small  accessory  formations  of 
similar  structure,  usually  occurring  near  the  chief  organ,  but  sometimes  in 
the  wall  of  the  stomach,  and  even  in  the  anterior  abdominal  wall. 

Supernumerary  spleens  are  quite  common,  but  nearly  always  occur  in  the 
immediate  neighborhood  of  the  spleen  itself  Double  ureters  and  pelves  are 
common  in  the  kidneys.  The  ovaries,  testicles,  and  liver  are  rarely  super- 
numerary. 

Supernumerary  mammary  glands  are  not  rare,  as  many  as  five  having  been 
observed  upon  a  single  woman ;  they  are  rare  in  men.  They  may  be  situated 
upon  the  thorax  or  abdomen  or  in  the  axilla.     They  have  been  seen  in 


Fig.  II. — Double  hand  (Murray). 

Scarpa's  triangle  and  on  the  outer  side  of  the  thigh.  Supernumerary  nipples 
are  more  frequent,  as  many  as  ten  having  been  observed  in  one  case. 

Supernumerary  bones  are  not  infrequent,  the  most  frequent  being  extra 
ribs.  When,  as  sometimes  happens,  there  are  supernumerary  vertebrae,  a 
true  tail  may  be  produced.  Usually,  however,  the  tail-like  appendages  seen 
in  man  are  fleshy. 

Duplications  of  the  sexual  organs  are  more  common  in  the  female  than  in 
the  male.  There  may  be  two  vaginae  or  a  septate  vagina,  two  uteri  or  a 
bifid  uterus  (uterus  bicornus),  or  a  septate  uterus.  The  occurrence  of  double 
vaginae  and  uteri  is  easily  understood  when  it  is  remembered  that  in  the 
development,  about  the  end  of  the  second  month  of  embryonal  life,  the  two 
ducts  of  Miiller  and  the  Wolffian  ducts  fuse  to  form  the  uterus  and  vagina. 
The  abnormalities  mentioned  depend  upon  variations  in  the  perfection  of 
this  fusion. 

In  rare  cases  duplication  of  the  penis  has  been  observed,  and  in  some  of 
these  cases  both  organs  have  been  capable  of  performing  the  sexual  act. 

6.  Situs  Abnormalis  Viscerum. — In  very  rare  cases  a  true  transposition 
of  the  viscera  takes  place.     It  is  exactly  the  reverse  of  the  position  they 
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usually  occupy.  The  heart  is  on  the  right  side,  the  spleen  also  on  the  right 
side,  the  liver  on  the  left  side.  There  is,  of  course,  no  change  in  the  paired 
organs. 

Occasionally  a  kidney  is  loosely  attached  (floating  kidney)  and  descends 
in  the  abdomen  to  the  brim  of  the  pelvis ;  or  in  a  few  cases  a  kidney  is  found 
situated  and  fixed  in  this  position.  Testicles  may  be  retained  in  the  abdom- 
inal cavity  {cryptorchia)  or  only  partially  descend  into  the  scrotum,  remain- 
ing in  the  upper  part  of  the  inguinal  canal  {ectopia  inguinalis,  cruroscrotalis, 
perinealis,  ox  cruralis). 

Of  all  the  viscera,  the  colon  is  most  apt  to  depart  from  its  normal  type. 
Sometimes  the  cecum  is  small  and  short,  barely 
descending  to  the  iliac  fossa ;  at  other  times  it 
is  long  and  dilated  and  hangs  down  over  the 
brim  of  the  pelvis.  The  ascending  colon  may 
be  short,  so  that  the  transverse  colon  takes  an 
oblique  course  across  to  the  splenic  flexure. 
The  transverse  colon  is  often  long  and  may 
have  a  marked  descent  in  the  middle  that  can 
descend  to  the  pubis  or  even  into  the  pelvis. 
The  sigmoid  may  be  absent,  or  may  be  very 
large  and  variously  formed. 

Congenital  luxations  not  infrequently  occur 
at  the  hip,  and  sometimes  at  the  elbow,  knee, 
and  shoulder.  By  some  they  are  regarded  as 
the  result  of  arrested  development  of  the  ace- 
tabulum and  head  of  the  femur.  The  ligamen- 
tum  teres  is  nearly  always  intact. 

Club-foot  (talipes)  may  depend  upon  irreg- 
ularities of  development  or  upon  nervous  influ- 
ences that  lead  certain  muscles  to  predominate 
in  action  over  others  with  which  they  should  maintain  a  definite  balance. 
Though  the  condition  is  sometimes  present  at  birth,  it  usually  does  not  com- 
plete its  development  until  the  period  of  walking  is  reached.  The  various 
forms  are : 

Talipes  equinus,  the  heel  being  drawn  up  and  the  body  supported  on  the 
toes. 

Talipes  calcaneus,  the  toes  being  elevated,  the  subject  walking  on  the 
heel. 

Talipes  cavus  or  arcuatus,  in  which  the  foot  is  highly  arched,  and  only 
the  heel  and  toes  touch  the  floor  in  walking.     The  foot  is  much  shortened. 


Fig. 


12. — Supernumerary  fingers 
(Ziegler). 


a  i  c  d 

Fig.  13. — Varieties  of  clubbed  feet:  u,  Talipes  equinus;  b,  talipes  calcaneus;  c,  talipes.cavus 

or  arcuatus ;  d,  talipes  equinovalgus. 


Talipes  varus,  in  which  the  outer  side  of  the  foot  only  touches  the  floor. 
Talipes  equinovarus,  in  which  the  outer  side  of  the  toes  are  walked  upon. 
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Talipes  calcaneovarus,  in  which  the  outer  side  of  the  heel  is  walked  upon. 

Talipes  valgus,  talipes  equinovalgus,  talipes  calcaneovalgus ,  in  which  the 
inner  side  of  the  foot,  the  inner  side  of  the  toes,  the  inner  side  of  the  heel, 
respectively,  are  walked  upon. 


Fig.  14. — Varieties  of  clubbed  feet :  a.  Talipes  equinovarus ;  b,  talipes  varus ;  c,  talipes  cal- 
caneovarus ;  d,  talipes  valgus ;  e,  talipes  calcaneovalgus. 


Clubbed  hapds  or  talipomanus  are  much  less  common,  and  are  usually 
occasioned  by  congenital  deformity  of  the  bones  of  the  forearms. 

7.  Congenital  Obstructions. — The  mouth  is  in  some  cases    abnormally 


Fig.  is.— Malformation  of  the  anus.  Enterodeum  (hindgut)  continued  as  a  tapering 
tortuous  tube  (a)  along  the  raphe  of  the  scrotum,  and  ending  by  a  minute  opening  (b)  dis- 
charging meconium  near  the  end  of  the  penis ;  c,  anal  depression — imperforate  (Peters). 

small  (niicrostoma)  as  the  result  of  excessive  union  of  the  tissues  of  the 
maxillary  and  mandibular  arches. 

The  prepuce  may  be  congeni  tally  absent,  and  when  present  may  be  ab- 
normally elongate  and  constricted  at  the  orifice.  When  the  orifice  is  extremely 
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small  the  urine  may  meet  with  a  marked  obstruction  to  its  escape,  and  dila- 
tation of  the  bladder  and  ureters,  and  even  hydronephrosis,  may  result  from 
the  backward  pressure.  When  the  orifice  is  so  small  that  the  prepuce  can- 
not be  drawn  back  over  the  glans  penis,  the  condition  is  described  as 
phimosis. 

Urethral  atresia  may  occur  in  both  sexes.  If  the  urine  cannot  escape, 
it  collects  during  fetal  life  in  great  quantities  in  the  bladder,  which  becomes 
as  large  as  the  entire  abdomen  of  the  fetus.  Abnormally  narrow  urethra  or 
hypertrophy  of  the  colliculus  seminalis  may  interfere  with  the  escape  of  urine, 
but  not  to  nearly  the  same  degree. 

The  urethra  may  be  absent  in  girls,  the  bladder  opening  into  the  vagina 
and  preventing  the  serious  results  observed  in  atresia. 

Atresia  vagincB  becomes  a  serious  impediment  to  the  sexual  act  in  adult 
life.  Atresia  uteri  makes  conception  impossible,  but  both  conditions  are 
also  serious  in  that  they  lead  to  retention  of  menstrual  blood  and  secretions, 
which  may  cause  distention  of  the  uterus  and  consequent  suffering. 

Atresia  ani  or,  as  it  is  more  frequently  called,  imperforate  anus  is  not 
infrequent,  and  depends  upon  the  failure  of  the  rectum  to  grow  down  and 
unite  with  the  anal  tissues,  to  which  it  is  often  united  by  a  fibrous  cord.  In 
these  cases  the  rectum  may  terminate  blindly  {atresia  simplex)  or  it  may 
communicate  with  the  vagina  or  urethra  {atresia  ani  vesicalis,  urethralis,  or 
vaginalis). 

8.  Persistent  fetal  structures  may  lead  to  subsequent  pathologic  condi- 
tions by  the  growth  of  their  cells  to  form  tumor-like  masses,  or,  as  is  more 
frequently  the  case,  by  the  retention  within  them  of  fluids,  so  that  cystic 
dilatation  follows. 

The  thyrolingual  duct  sometimes  imperfectly  closes,  and  in  after-life  forms 
a  cyst  in  the  front  of  the  neck.  Or,  if  there  remains  an  external  communi- 
cation, a  fistula  or  sinus  may  exist  in  the  front  of  the  neck,  from  which  a 
clear  fluid  or  a  mucous  secretion  escapes. 

The  urachus  or  urinary  canal  of  the  embryo,  formed  by  prolongation  of 
the  fusiform  vesicle  formed  by  the  dilata,tion  of  the  embryonic  portion  of  the 
allantois,  sometimes  remains  open  near  the  umbilicus,  sometimes  near  the 
bladder,  sometimes  only  in  the  middle  portion,  under  which  condition  the 
accumulation  of  fluid,  extending  into  its  cavity,  may  by  dilatation  lead  to 
the  formation  of  a  large  cyst.  Ferguson,  of  Albany,  has  observed  one  of 
more  than  a  liter  capacity. 

T\i&  postanal  gut  may  in  like  manner  lead  to  the  formation  of  cysts  in  the 
pelvis.  . 

The  ducts  of  Milller  occasionally  remain  in  postnatal  life,  and  by  cystic 
distention  form  the  so-called  hydatids  of  Morgagni,  which  are  so  frequently 
observed  attached  to  the  fimbriae  of  the  Fallopian  tube. 

Gartner's  ducts  also  sometimes  fail  to  disappear,  and  by  cystic  dilatation 
form  the  cysts  of  the  paroophoron. 

9.  Hermaphroditism. — Although  the  majority  of  cases  of  supposed  her- 
maphroditism might  be  included  among  the  schistoses  and  synactoses,  there 
are  certain  rare  cases  in  which  the  defective  development  is  more  radical  and 
important,  so  that  it  is  well  to  have  a  special  heading  under  which  to  discuss 
them. 

Hermaphroditism  may  be  true  or  false. 

I.  True  tiermaphroditism  (androgynes)  is  characterized  by  the  occurrence 
of  the  essential  sexual  organs  both  of  male  and  female  in  the  same  individual. 

Klebs  describes  three  possible  forms  in  which  this  condition  can  occur : 

I.  Hermaphroditismus  verus  bilateralis,  in  which  both  ovaries  and  teste? 
can  be  present  upon  both  sides,  or  in  which  an  organ  compounded  both  of 


48  DEFECTS  OF  DEVELOPMENT. 

ovarian  and  testicular  tissue  may  be  present  on  each  side.     Excepting  one 
case  reported  by  Heppner,  no  such  condition  has  been  observed  in  man. 

2.  Hermaphroditismus  verus  unilateralis,  in  which  both  sexual  glands  are 
present  on  one  side,  while  that  proper  for  the  individual  is  present  on  the 
other  side  of  the  body.     No  authentic  case  has  been  observed.  _ 

3.  Hermaphroditismus  verus  lateralis,  in  which  an  ovary  is  present  on 
one  side  and  a  testis  on  the  other  side.  This  condition  is  very  rare,  but 
numerous  cases  have  been  reported.  Unfortunately,  in  most  cases  the  filial 
proof  of  a  microscopic  examination,  with  demonstration  of  ovarian  and  testic- 
ular structures,  is  wanting. 

II.  Spurious  hermaphroditism  or  pseudohermaphroditism  is  common, 
nearly  all  reported  cases  being  properly  so  classified.  These  cases  usually 
depend  upon  malformation  of  the  external  genital  organs  that  makes  difficult 
or  impossible  the  recognition  of  the  true  sex  during  life,  though  dissection 
reveals  the  glands  of  one  sex  only,  and  at  once  explains  the  true  nature  of 
the  case. 

The  cases, are  separable  into:  {a)  Pseudohermaphroditismus  masculinus; 
(3)  Pseudohermaphroditismus  femininus. 

(a)  Pseudohermaphroditismus  masculinus. 

1.  Pseudohermaphroditismus  masculinus  externus  is  characterized  by  a 
departure  of  the  male  external  organs  from  their  normal  type  and  an  ap- 
proximation to  the  female  type.  The  deformity  usually  depends  upon  hypo- 
spadias and  cleft  scrotum  with  hypoplasia  of  the  penis.  The  diminutive 
penis  being  separated  and  presenting  the  urethral  orifice  deeply  seated 
somewhat  resembles  an  atypical  development  of  the  clitoris  and  nymphse, 
while  the  fissure  of  the  scrotum  simulates  the  vaginal  orifice,  and  its  lateral 
halves  the  labia  majora.  The  resemblance  of  the  cleft  scrotum  to  the  labia 
majora  is  greatly  increased  in  cases  of  undescending  testicles.  For  many  rea- 
sons not  yet  understood,  in  this  malformation  of  the  male  organs  the  gen- 
eral body  development  is  frequently  atypical  and  approximates  the  feminine 
type,  with  small  stature,  rounded  curves,  and  enlargement  of  the  mammae. 
Hair  may  or  may  not  grow  upon  the  face,  and  the  voice  may  be  high- 
pitched  or  sonorous. 

2.  Pseudohermaphroditismus  Masculinus  Internus. — With  or  without  con- 
siderable malformation  of  the  external  organs,  these  cases  are  characterized 
by  the  presence  of  rudimentary  female  internal  organs.  At  the  coUiculus 
seminalis  the  prostate  gland  is  pierced  by  a  tubular  structure  which  is  the 
homologue  of  the  vagina,  and  is  sometimes  readily  recognizable  as  such 
by  its  connection  above  with  a  uterus  and  Fallopian  tubes.  No  ovaries  are 
present. 

3.  Pseudohermaphroditismus  masculinus  internus  et  externus,  in  which, 
with  pronounced  feminine  appearance  of  the  external  organs,  vagina,  uterus, 
and  Fallopian  tubes  are  present,  but  neither  testicles  nor  ovaries  occur. 

(J))  Pseudohermaphroditismus  femininus. 

1.  Pseudohermaphroditismus  femininus  externus  is  characterized  by  an 
enlargement  of  the  clitoris  and  constriction  of  the  vaginal  orifice  that  give 
the  external  organs  a  remarkable  resemblance  to  the  masculine  type.  The 
penis-like  clitoris  is  not  penetrated  by  the  urethral  canal. 

2.  Pseudohermaphroditismus  femininus  internus  is  produced  by  the  pres- 
ence in  the  broad  ligaments  or  in  the  ureterovaginal  walls  of  rudiments  of  the 
Wolffian  ducts,  and  sometimes  extending  to  the  clitoris. 

3.  Pseudohermaphroditismus  femininus  externus  et  internus,  in  which  the 
external  genital  organs  resemble  those  of  the  male,  while  the  persistence  of 
parts  of  the  Wolffian  ducts,  and  in  some  cases  the  presence  of  a  prostate 
gland,  an  ejaculatory  duct,  and  a  sac  resembling  a  seminal  vesicle  opening 
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into  the  vagina,  have  also  been  observed.     This  form  of  malformation  is  rare, 
but  few  cases  having  been  observed. 

As  in  pseudohe7~maphroditismus  masculinus,  so  in  these  forms  the  develop- 
ment of  the  whole  body  departs  from  the  normal  type,  women  often  developing 
to  masculine  proportions  and  having  a  growth  of  hair  on  the  face.  Cases  are 
on  record  which  have  lived  and  died  without  the  true  sex  having  been  estab- 
lished and  having  always  supposed  themselves  to  be  men. 

The  body  development  in  cases  of  pseudohermaphroditism  is  a  matter  of 
peculiar  interest,  inasmuch  as  it  is  supposed  that  its  regulation  is  governed, 
at  least  in  part,  by  an  internal  secretion  of  the  sex  glands.  Why  a  male 
pseudohermaphrodite  with  testicular  tissue  should  approach  the  female  type 
of  structure,  and  a  female  pseudohermaphrodite  with  ovaries  the  male  type, 
is  at  present  unexplained,  though  it  might  be  conceded  that  the  correspond- 
ence is  never  perfect,  and  the  failure  of  such  individuals  to  perfectly  con- 
form to  either  type  might  depend  upon  absence  of  the  internal  secretions  of 
both  sets  of  glands. 

Double  Malformations  ;  Double  Monsters  (Monstra  Duplicia). 
— These  extraordinary  freaks  of  nature  depend  upon  duplication  of  the  whole 
body,  the  halves  remaining  attached  to  one  another,  or  to  duplication  at  the 
cephalic  end  or  at  the  caudal  end.    The  duplication  may  be  equal  or  unequal. 

The  double  monsters  always  arise  from  a  single  ovum,  and  are  always  of 
the  same  sex.  The  accident  that  governs 
their  formation  takes  place  at  the  earliest 
period  of  development,  probably  at  the 
time  of  the  formation  of  the  primitive 
streak  and  medull9,ry  groove. 

Tracing  the  formation  of  the  embryo 
from  the  fecundated  ovum  through  the 
mulberry  and  blastula  stage,  we  find  the 
first  appearance  of  embryonal  develop- 
ment a  circular  white  area  which  K61- 
liker  first  pointed  out.  This  spot  is  the 
embryonal  area,  and  over  it  the  ectoderm 
of  the  bilaminar  blastodermic  vesicle  be- 
comes thickened  by  enlargement'  of  the 
cells,  so  that  it  becomes  thickened  and 
pyriform  in  shape.  Later,  becoming 
elongate  and  having  its  posterior  ex- 
tremity drawn  out  into  a  wedge-shaped 
appendage,  this  becomes  the  "  primitive 
streak,"  and  it  is  there  that  the  meso- 
blast  spreads  itself  out  over  the  whole 
embryonic  area  between  the  ectoderm 
and  entoderm.  The  medullary  groove 
forms  in  front  of  this  primitive  streak, 
and  the  embryonic  area  becomes  differ- 
entiated into  the  paraxial  portion  which  is  about  the  groove,  and  the  outer 
lateral  portion.  The  development  of  the  body  is  by  successive  development 
of  these  two  portions. 

Ziegler  gives  the  following  theories  that  may  account  for  the  occurrence 
of  double  monsters : 

1.  Two  embryonic  areas  may  arise  in  the  wall  of  a  single  blastodermic 
vesicle,  grow,  and  impinge  upon  one  another. 

2.  Within  a  single  embryonic  area  two  primitive  streaks  and  two  medul- 
lary growths  may  form,  remaining  separate  or  merging. 


•Thoracopagus  (Ziegler), 


so 
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3.  A  primitive  streak  may  form  but  the  medullary  groove  be  double, 
either  in  a  part  or  the  whole  of  its  extent. 

4.  A  duplication  may  take  place  at  a  later  period  of  development,  affect- 
ing only  individual  parts. 

The  experimental  evidence  thus  far  collected  indicates  that  the  formation 
of  several  embryonic  areas  does  not  depend  upon  fertilization  by  several 
spermatozoa,  as  was  once  supposed,  because  eggs  thus  fertilized  always  die. 
It  also  shows  that  double  formations  can  arise  from  supposedly  normal 
eggs  by  experimental  external  influences,  and  that  embryonal  elements 
brought  into  contact  may  merge  one  into  the  other. 

The  classification  of  double  monsters  given  by  Ziegler  seems  to  afford  an 
excellent  working-basis  for  the  understanding  and  differentiation  of  nearly  all 
cases,  and  to  it  close  adherence  is  given  in  the  following  descriptions : 


Fig.  17. — Xiphopagi. 

I.  Double  Malformations  in  wliich  ttiere  is  Complete  Duplication  of  tlie 
Axial  Structure. 

I .    Characterized  by  uniform  development  of  both  twins, 
{a)  Homologous  twins  result    when  development  progresses  unhindered. 
They  are  always  of  the  same  sex ;  each  forms  its  own  amnion  ;  they  have  a 
common  placenta  in  almost  all  cases. 

{b')  Thoracopagous  Monsters  ;  Omphalopagous  Monsters. — These  forms  are 
caused  by  coalescence  of  the  trunks  of  the  fetuses.  They  usually  have  a 
common  umbilicus  and  umbilical  cord  and  a  single  placenta.  According  to 
the  extent  and  position  of  the  coalescence  they  are  divided  into : 
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Xiphopagi — united  only  at  the  xiphoid  cartilage  by  a  bridge  of  cartilagin- 
ous tissue  (Fig.  17).  Through  the  band  of  union  there  may  be  a  communi- 
cation between  the  peritoneal  cavities,  and  contiguous  viscera  may  be  united. 
The  "  Siamese  twins  "  belonged  to  this  group. 

Sternopagi  have  a  common  thorax.  There  are  varying  degrees  of  coal- 
escence and  deformity.  There  may  be  one  sternum  or  two.  Sometimes 
there  is  but  one  heart.  The  intestine  may  be  common  to  both.  The  livers 
may  be  united. 

When  thoracopagous  monsters  are  more  intimately  blended,  the  union 
may  extend  both  over  the  thorax  and  abdo- 
men, and  the  limbs  and  even  the  heads  may 
be  partly  fused.     Thus : 

Prosopothoracopagus — face   and   thorax 
coalescent  (Fig.  18). 

Cephalothoracopagus — head  and  thorax 
coalescent. 

Thoracopagus  iribranchius — thorax  and 
two  arms  fused  so  that  the  monster  has  three 


Fig.  18. — Prosopothoracopagus. 


Fig.  19.— Two-headed  boy 
(Home's  case). 


Thoracopagus  tripus — thorax,  abdomen,  and  two  legs  coalescent,  the  mon- 
ster having  three  legs. 

Thoracopagus  iribranchius  tripus — thorax,  abdomen,  two  arms,  and  two 
legs  coalescent,  the  bodies  being  fused  and  the  monster  having  three  arms 
and  three  legs.  In  these  cases  of  fused  extremities  the  fusion  often  expresses 
itself  by  the  presence  of  misshapen  limbs  with  extra  fingers  and  toes. 

Thoracopagous  monsters  may  or  may  not  be  viable,  according  to  the 
deformity  of  the  internal  organs.  The  Siamese  twins  and  Radica-Doddica, 
or  the  Orissa  sisters,  were  famous  exhibitionists  and  attained  adult  life. 

{/)  Craniopagous  monsters  are  attached  to  one  another  by  cartilaginous 
or  osseous  unions  of  the  cranium ;  they  are  rare.  The  unions  have  been 
observed  at  the  forehead,  occiput,  and  vertex  (Fig.  19).  Cases  have  been 
known  to  live  for  many  years. 

(i/)  Ischiopagous  monsters  are  united  by  the  pelvis.  This  condition  is 
not  at  all  incompatible  with  life,  and  numerous  cases  occur  in  the  literature, 
of  which  the  "  Biddenden  Maids,"  the  "Hungarian  Sisters,"  the  "  Blazek 
Sisters,"  and  "Millie-Christine"  (Fig.  20)  are  quite  famous. 

2.    Characterized  by  unequal  development  of  both  twins. 

Some  of  the  most  interesting  and  most  peculiar  monstrosities  are  formed 
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through  the  cessation  of  growth  of  the  one  and  progressive  growth  of  the 
other.  When  one  of  twins  is  deprived  of  nourishment  from  any  cause,  it 
may  die  without  modification  of  form  or  may  undergo  interesting  changes. 
At  times,  however,  its  fellow  may  assume  its  nutrition.  When  this  is  the 
case  the  autosite,  or  well-nourished  fetus,  may  grow  normally  or  may  more 
or  less  enclose  its  fellow,  of  which  it  makes  a  parasite. 

{a)  Foetus  Papyraceus.  — This  is  a  dead  fetus  which,  through  the  pressure 
of  its  living  twin  and  absorption  of  its  amniotic  fluid,  becomes  flattened  out 
and  thinned.  The  death  of  such  fetuses  is  usuallyeferable  to  too  intimate 
relationship  between  the  umbilical  vessels  of  the  common  placenta. 

{U)  Acardiacus. — Monsters  without  hearts  are  always  extremely  atypical 


Fig,  20. — Ischiopagi  (Pancoast). 


in  structure,  and,  of  course,  never  viable.      An  acardiac  monster  may  be 
connected  only  to  the  placenta,  or  may  be  parasitically  attached  to  its  twin. 

Three  forms  of  acardia  are  described  : 

Acardiacus  amorphus — an  irregular  mass  covered  with  skin  and  containing 
only  rudiments  of  organs. 

Acardiacus  acormus — the  head  developed,  but  the  entire  body  wanting. 

Acardiacus  acephalus — without  a  head,  the  thorax  rudimentary,  the  pelvis 
and  adnexa  more  or  less  well  developed.     It  is  the  most  frequent  form. 

{/)  Thoracopagus  parasiticus  is  seen  in  thoracopagous  twins  when  the  one 
from  any  cause,  ceases  to  develop  and  remains  as  a  parasitic  appendage  of 
the  other.  Very  rarely  does  such  a  parasite  exhibit  complete  structure,  and 
in  most  cases  it  is  an  acardiacus  acephalus  or  acormus  with  a  vascular  system 
blended  with  that  of  the  autosite. 

((/)  Epignathus. — This  is  a  prosopothoracopagus  which  is  parasitic  at  the 
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mouth  of  its  twin,  projecting  as  an  imperfectly  formed  fetal  mass.  In  rare 
cases  it  may  spring  from  the  orbit. 

{i)  Teratomata. — A  teratoma  is  a  tumor  of  such  complicated  structure 
as  to  suggest  that  it  originates  either  through  the  dwarfing,  malformation,  and 
inclusion  of  a  twin,  or  a  very  atypical  and  erratic  development  of  a  single 
fetus. 

The  structure  of  such  a  tumor  usually  presents  tissues  representing  all 
three  layers  of  the  blastoderm,  sometimes  with,  sometimes  without,  definite 
arrangement.  In  some. cases  rudiments  of  skeletal  parts,  with  recognizable 
fragments  of  spinal  columns  and  pelves,  are  present.  In  the  ovarian  dermoid 
tumors,  which  belong  to  this  class,  bones,  teeth,  hair,  mammary  glands,  tubu- 


FlG.  21. — Acephalus  acardiacus  dipus  (Lewis). 


lar  diverticula  resembling  atypical  digestive  organs,  etc. ,  are  present.  It  is 
a  question  how  the  ovarian  dermoids  develop,  but  they  are  certainly  tera- 
tomata, whether  the  result  of  parthenogenesis,  as  suggested  by  Wilms,  or  of 
fetal  inclusion. 

Teratoid  tumors  are  rriost  frequent  about  the  pelvis,  and  are  frequently 
styled  sacral  teratomata.  If  the  tumor  is  sufficiently  formed  to  resemble  an 
attached  fetus,  it  is  known  as  an  epipygus. 

{/)  Indusio  fatalis  is  the  explanation  of  some  of  the  teratoid  tumors 
and  for  other  deeply  seated  embryonal  masses.  Inclosed  fetuses  are  prob- 
ably very  rare,  unless. the  ovarian  dermoids  are  so  regarded.    They  are  classi- 
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fied  according  to  the  seat  of  occurrence  as  inclusio  abdominalis,  mediastinalis, 
subcutanea,  cerehralis,  testiculi,  ovarii,  etc.  Inclusion  affords  a  satisfactory- 
explanation  for  the  occurrence  of  many  very  obscure  tumor  formations. 

II.  Double  Malformations  in  wliich  tliere  is  an  Incomplete  Duplication 
of  the  Axial  Structures. 

These  conditions  result  from  anterior  or  posterior  splitting  or  duplication 


Fig.  22. — Epignathus. 


of  the  primitive  embryonal  area  and  medullary  groove.  If  such  cleavage 
takes  place  at  the  anterior  end,  it  results  in  a  two-headed  monster,  or  one 
with  two  heads  and  several  arms,  with  incomplete  division  of  the  thorax  and 
a  single  pelvis  and  one  pair  of  limbs. 

If,  on  the  other  hand,  the  cleavage  is  posterior,  there  may  be  four  legs,  a 


Fig.  23. — Ischiopagi. 

double  pelvis  and  imperfectly  divided  thorax,  with  a  single  pair  01  arms  and 
one  head. 

The  resulting  malformed  individuals  may  or  may  not  be  viable,  those  in 
which  the  anterior  end  is  affected  frequently  having  an  entanglement  of 
nervous  systems  precluding  successful  physiologic  action.  Cases  of  posterior 
division,  except  the  abdominal  organs  are  too  imperfect,  usually  are  viable. 
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It  is  plausible  to  think  that  the  coalescence  that  has  been  shown  to  be  a 
factor  of  importance  in  the  union  between  twins  with  complete  duplication 


Fig.  24. — Infant  with  a  supernumerary  head  (after  Sutton). 

of  the  axial  structure  may  also  play  an  important  part  in  the  <  present  variety 
of  deformity,  causing  coalescence  of  parts  that  may  have  been  quite  well 


Fig.  aS- — Diprosopus  (Ziegler). 

differentiated  originally.     As  in  the  monsters  of  the  other  class,  the  parts 
may  develop  symmetrically  or  may  outgrow  one  another. 

I.  Duplicitas  Anterior,  or  Terata  Catadidyma  Anterior. — The  duplications 
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are  more  frequent  at  the  anterior  end  of  the  embryo  than  at  the  posterior. 
The  most  frequent  form  is  that  in  which  a  double  face  occurs.  It  is  known 
as  diprosopus  (Fig.  25),  and  accordingly,  as  with  the  double  face,  there  are  two 
mouths,  two,  three,  or  four  eyes,  two  or  four  ears ;  the  different  forms  are  sub- 
divided into  distomus,  diophthalmus ,  triophthalmus,  tetrophthalmus ,  diotus,  etc. 
When  the  division  extends  so  deeply  that  two  distinct  heads  occur,  the 


Fig.  26. — Dicephalus  tetrabranchius. 


chances  of  viability  are  increased.  The  monster  is  known  as  dicephalus 
(Fig.  26),  and  may  have  two,  three,  or  four  arms  {dibranchius,  tribranchius, 
tetrabranchius).  Cases  with  the  cleavage  of  the  body  descending  so  low 
that  there  are  four  arms  usually  have  two  hearts. 

Sometimes  one  of  the  heads  of  the  dicephalic  monsters  remains  rudi- 
mentary and  appears  as  a  parasite  upon  the  other  (Fig.  24). 
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When  the  division  of  the  bodies  descends  to  the  pelvis,  so  that  there  are 
two  complete  vertebral  columns  but  only  one  sacrum  and  coccyx,  the  monster 
is  called  pygopagus. 

2.  Duplicitas  posterior  is  rare  in  man,  and  is  nearly  always  quite  imper- 
fect. In  extremely  rare  cases  there  have  been  four  legs,  two  sets  of  genital 
and  pelvic  organs,  with  single  development  above. 

The  duplication  in  most  cases  involves  an  atypical  development  of  the 
supernumerary  limbs.  It  is  quite  usual  for  one  set  of  limbs  to  develop  nor- 
mally, while  the  other  set  is  deformed  and  often  quite  small.  The  mal- 
formed limbs  are  also  apt  to  be  abnormally  attached. 

The  posterior  cleavage  may  extend  higher  up  than  the  pelvis  and  cause  a 
duplication  of  the  whole  spinal  column  and  part  of  the  head.  In  these  cases 
the  twins  usually  face  one  another,  and  while  the  backs  may  be  quite  well 
formed,  the  abdomens,  thoraces,  and  faces  may  be  common  {prosopothoraco- 
omphalopagus).    The  syncephalus  which  occurs  in  such  cases  may  afford  what 


Fig.  27. — Dipygus  (Wells), 


is  known  as  the  Janus  head,  with  two  lateral  faces  with  imperfectly  differen- 
tiated eyes,  mouth,  nose,  etc.,  and  confusion  of  cranial  and  cerebral  structure. 
These  cases  are  not  viable. 

When  complete  duplication  of  the  bodies  is  associated  with  a  single  head, 
the  condition  is  described  as  dipygus.  The  two  portions  usually  fail  to  develop 
symmetrically,  so  that  in  nearly  all  cases  the  one  half  remains  dwarfed  or 
rudimentary  and  is  a  parasite  w^on.^?^  o\hsx  {dipygus parasiticus).  Laloo, 
the  Hindoo  monstrosity  (Fig.  28),  is  an  illustration  oif  this  form. 

In  dipygus  parasiticus  the  parasitic  portion  is  more  highly  developed 
in  those  cases  in  which  it  springs  from  some  point  near  the  head  of  the 
autosite  than  when  it  arises  lower  down.  If  it  arise  from  the  neck  of 
the  autosite,  it  may  have  a  trank  and  all  four  limbs;  if  from  the  spinal 
column  low  down,  only  lower  extremities. 

3.  Duplicitas  parallela  or  rachipagus  is  a  form  of  monstrosity  supposed  to 
be  occasioned  by  partial  cleavage  from  each  end,  so  that  the  twins  are  only 
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attached  at  some  circumscribed  part  of  the  spinal  column.  Unless  it  could 
be  shown  that  the  spinal  column  was  double  to  a  certain  point,  then  became 
single  to  become  double  again  lower  down,  it  would  seem  more  logical  to 
regard  such  cases  as  thoracopagi — that  is,  rachtpagus. 


Fig.  z8. — Laloo,  a  Hindoo  with  an  acardiac  parasite  attached  to  the  thorax. 

■The  physiology  of  the  duplicate  monsters  is  very  interesting,  especially  as 
it  concerns  the  nervous  system.  There  is,  however,  no  regularity  about  it, 
each  case  being  more  or  less  a  law  unto  itself. 

Triple  monsters  and  multiple  monsters  have  occurred,  and  some  authentic 
cases  are  recorded  with  descriptions.  Their  mode  of  origin  and  general 
peculiarities  correspond  with  the  double  monsters. 


CHAPTER    III. 
PATHOLOGY  OF  NUTRITION. 

The  molecular  structure  of  living  matter  is  unstable  and  ever  changing. 
It  is  continually  subject  to  "  universal  disintegration  and  waste  by  oxidation  ; 
and  concomitant  reintegration  by  the  intussusception  of  new  matter. "  It  is 
by  the  intussusception  of  new  matter  that  living  beings  are  enabled  to  mani- 
fest uninterrupted  activities  throughout  long  periods  of  time.  Through  it 
alone  is  possible  that  extraordinary  ability  to  grow  and  multiply  that  differ- 
entiates inert  matter  from  the  vital  world. 

Continuance  of  life,  activity,  growth,  and  reproduction  are  all  indissolubly 
bound  up  in  the  intussusception  of  new  matter  into  the  cytoplasm  of  the 
cells.  The  ovum  grows  and  divides,  but  almost  immediately  calls  upon  its 
reserve  supply  of  food  for  the  successful  progress  of  its  development.  Carge 
reserve  supplies,  such  as  are  seen  in  the  eggs  of  birds,  suffice  to  carry  the 
chicks  to  a  stage  when  they  can  begin,  with  or  without  the  help  of  parents, 
to  secure  and  utilize  new  and  extrinsic  food  supplies,  out  of  which  they  must 
manufacture  their  own  nutrient  tissue  pabulum.  The  cells  of  the  growing 
body  and  the  active  cells  of  the  adult  body  require  constant  supplies  of  as- 
similable materials  from  which  to  increase  their  cytoplasm,  farm  nuclein, 
abstract  secretions,  and  build  up  their  various  products. 

The  new  matter  appropriate  for  cellular  reintegration  is  called  food.  The 
utilization  of  food  constitutes  nutrition. 

A  food,  therefore,  is  any  material  contributing  to  the  formation  and  rein- 
tegration of  the  tissues.  The  form  in  which  foods  present  themselves  varies 
greatly.  Certain  of  the  lowest  vegetable  forms  of  life  can,  in  the  presence 
of  moisture  and  certain  gases  diffused  through  the  atmosphere,  synthetize  all 
that  is  essential  to  life.  Higher  plants  require  additional  chemical  elements, 
and  are  best  fed  with  nitrogenous  "fertilizers."  Low  forms  of  animal  life 
absorb  invisible  nourishment  from  the  water  in  which  they  live ;  the  entozoa 
absorb  highly  nutritious,  diffusible  juices  from  the  intestines  of  the  animals 
they  infest.  Many  lowly  organized  animals  take  minute  objects  into  their 
substance  and  digest  and  assimilate  them  ;  the  higher  animals  find  their  food 
in  already-formed  vegetable  tissue,  or  in  the  tissues  of  other  animals. 

Water  is  one  of  the  most  important  foods,  and  without  it  no  other  food 
can  be  utilized,  as  it  is  essential  that  the  nutritious  substance  find  itself  in  a 
form  easily  assimilable  and  readily  conveyed  to  the  cells.  To  accomplish 
these  requirements,  all  animals  and  plants  reduce  the  nutrient  substances  to 
soluble  forms,  dissolve  them  in  water,  and  then  distribute  the  solution  to  all 
their  parts,  either  by  cytoplasmic  currents,  flow  of  sap,  or  circulation  of 
blood. 

The  necessity  for  food  varies  according  to  the  activity  of  the  individual. 
Serpents  consume  large  quantities  of  food  at  a  single  gorge,  but  do  so  at  very 
infrequent  intervals,  and  it  is  not  uncommon  to  find  captive  serpents  fasting 
during  periods  varying  from  a  few  months  to  a  year  and  a  half  The  more 
active  animals,  as,  for  example,  the  birds,  are  continually  seeking  for  and 
devouring  food.  Whether  taken  frequently  or  infrequently,  in  large  amounts 
or  small  ones,  the  total  quantity  of  food  consumed  must  be  sufficient  to  rein- 
tegrate the  oxidized  and  wasted  tissue  elements,  supply  the  materials  for  the 
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various  secretions,  and  provide  for  growth  and  reproduction.  In  order  that 
a  normal,  average,  adult  man  is  able  to  do  this  and  perform  ordinary  work, 
the  studies  of  Moleschatt,  Ranke,  Voit,  Forster,  and  Atwater  show  that  he 
requires  about  635  gm.  of  solid  food  every  twenty-four  hours.  This  food  is 
made  up  of  proteids,  123  gm. ;  fats,  78  gra.,  and  carbohydrates,  437  gm. 
The  amount  of  water  required  is  between  2000  and  3000  gm.  Certain  salts 
are  also  indispensable  in  the  physical  processes  of  the  body  chemistry.  The 
total  quantity  required  is  unknown,  probably  about  50  to  75  gm.,  and,  as 
they  are  usually  consumed  together  with  the  foodstuffs,  they  need  no  separate 
mention. 

Under  normal  conditions  the  appetite  is  a  satisfactory  guide  concerning 
the  food  consumption.  In  disease,  however,  it  may  so  vary  as  to  be  entirely 
untrustworthy.  There  is,  for  example,  a  condition  known  as  bulimia,  in 
which  the  appetite  is  enormously  exaggerated,  and  an  opposite  condition 
known  as  anorexia,  in  which  it  is  greatly  diminished  or  even  absent.  Per- 
verted appetite,  or  pica,  also  occurs  in  all  grades,  from  an  excessive  desire  for 
candy  or  pickles  to  the  disgusting  extreme  of  cannibalism  or  earth-eating. 
Actual  fear  or  dread  of  food  is  described  as  "  sitophobia." 

Thirst  may  also  vary  from  the  normal,  marked  increase  being  known  as 
dipsesis  or  polydipsia,  which  is  a  prominent  symptom  of  diabetes  mellitus, 
and  in  which  the  thirst  may  be  so  insatiable  that,  when  other  fluids  have 
been  withheld,  patients  have  been  known  to  drink  their  own  urine.  Per- 
verted thirst  has  its  most  common  and  unfortunate  occurrence  in  dipsomania, 
or  excessive  desire  for  spirituous  liquors. 

Swallowing  air  by  spasmodic  efforts  has  been  called  a'erophagia. 

When  food  is  withheld  and  the  wear  and  tear  of  the  tissues  is  not  com- 
pensated for  they  gradually  waste  by  oxidation,  beginning  with  those  least 
useful,  as  the  adipose  tissues,  next  extending  to  the  muscles,  and  finally 
involving  those  important  tissues  upon  the  performance  of  whose  functions 
life  depends.  This  condition  is  known  as  starvation,  and  will  be  further  dis- 
cussed under  the  heading  Assimilation  of  Food. 

Excess  of  food  is  usually  far  less  serious  than  starvation,  though  it  is  not 
without  its  dangers.  Individuals  vary  greatly  in  their  abilities  to  digest  and 
utilize  foods.  Savage  peoples,  with  whom  periods  of  plenty  alternate  with 
periods  of  starvation,  make  a  practice  of  gorging  themselves  with  food  until 
they  fall  into  a  satisfied  sleep.  Should  ordinary  civilized  people  overload 
their  stomachs  in  such  manner,  there  is  little  doubt  but  that  the  muscular 
structure  of  the  stomach  would  resent  the  unusual  distention  and  relieve  itself 
by  the  process  of  vomiting.  Should  this  not  occur,  the  food  would  probably 
be  hurried  partially  digested  into  the  intestine,  where  it  would  likely  set  up 
an  irritative  diarrhea  {crapulous  or  lienteric  diarrhea').  Should  the  con- 
sumed food  be  digested  and  assimilated,  the  inevitable  outcome  is  the  addi- 
tion to  the  tissues  of  an  excess  of  nutriment  that  is  usually  stored  up  as  fat. 

Continuous  hypernutrition  with  accumulation  of  adipose  tissue  ultimately 
leads  to  obesity,  and  in  extremely  pronounced  cases  to  polysarcia. 

The  water  consumed  by  the  individual  is  more  easily  disposed  of  than  the 
food,  and  usually  meets  with  a  rapid  elimination  by  the  kidneys  as  urine, 
producing  temporary  polyuria  or  diuresis,  or  by  the  sweat  glands  as  perspira- 
tion {diaphoresis'). 

PATHOLOGY  OF  DIGESTION. 

An  analysis  of  the  required  foodstuffs  shows  that  they  fall  into  three 
chemical  gxovL^%^proteids ,  carbohydrates,  and  fats.  Each  of  these  has  its 
own  digestive  enzymes,  which  it  meets  at  some  particular  part  of  the  aliment- 
ary apparatus,  and  undergoes  its  own  peculiar  changes. 


DIGESTION  OF  FRO  TEWS.  6 1 

(a)  Digestion  of  Proteids. — Albumins  and  Albuminoids. — Proteid 
digestion  takes  place  partly  in  the  stomach  and  partly  in  the  small  intestine 
through  the  agency  of  pepsin  and  trypsin,  two  active  ferments,  the  former 
of  which  is  secreted  by  the  gastric  glands,  the  latter  by  the  pancreas.  The 
effect  of  both  ferments  is  the  transformation  of  the  non-diffusible  albumins  to 
diffusible  peptones.  Pepsin  is  active  only  in  strongly  acid  solution  ;  trypsin 
in  alkaline  solution.  The  chemical  changes  resulting  from  the  action  of  the 
ferments  upon  albuminous  substances  are  similar  though  not  identical.  In 
peptic  digestion  the  first  change  resulting  from  the  action  of  the  hydrochloric 
acid  and  pepsin  of  the  gastric  juice  upon  the  proteid  is  its  conversion  to  an 
acid  albumin  or  syntonin.  From  this  it  is  next  converted  to  primary  albu- 
mose  or  primary  globulose,  then  to  secondary  or  deutero-albumose  or  proteose, 
and  finally  to  diffusible  amphopeptone.  Beyond  this  stage  of  amphopeptone 
the  peptic  digestion  does  not  progress. 

In  tryptic  digestion  the  steps  of  the  process  as  well  as  its  termination  vary 
somewhat.  The  proteids  are  at  once  converted  to  deutero-albumose  or 
globulose,  then  to  amphopeptone,  but  the  process  does  not  end  there,  as  the 
amphopeptone  is  converted  partly  into  antipeptone  and  partly  into  hemi- 
peptone.  The  antipeptone  is  diffusible  and  useful ;  but  the  hemipeptone  is 
subject  to  further  conversions  until  such  end-products  as  leucin,  tyrosin, 
aspartic  acid,  tryptophan,  and  various  acids,  bases,  and  aromatics  are  formed. 

Trypsin  also  acts  more  actively  upon  albuminoids  than  does  pepsin. 
Gelatin  is  converted  to  gelatose  by  pepsin,  but  to  gelatin-peptone  by  trypsin. 

Pathology  of  Proteid  Digestion. — Peptic  digestion  takes  place  only  in 
the  stomach.  As  pepsin  is  active  only  in  the  presence  of  free  hydrochloric 
acid,  its  operation  upon  the  proteids  ceases  as  soon  as  the  chyme  is  poured 
into  the  intestine  and  meets  with  its  alkaline  juices. 

Peptic  digestion  may  be  retarded  or  modified  by 

(i)  Abnormal  secretion  of  pepsin.     (2)  Abnormal  quantity  of  free  acid. 

It  seems  rarely  to  happen  that  the  pepsin  itself  is  secreted  in  amounts 
insufficient  to  carry  on  the  function  of  digestion,  but  there  are  cases  of 
atrophy  of  the  stomach  and  chronic  interstitial  gastritis  with  destruction  of 
the  peptic  glands  in  which  this  may  happen. 

Much  more  commonly  the  hydrochloric  acid  is  at  fault.  In  the  great 
majority  of  cases  of  carcinoma  ventriculi,  especially  of  pyloric  carcinoma,  no 
free  hydrochloric  acid  is  secreted  {achlorhydria^.  In  many  neurasthenic  and 
anemic  individuals  the  quantity  of  hydrochloric  acid  is  markedly  reduced 
{hypochlorhydrid).  In  less  frequent  cases  the  acid  is  present  in  excess  {hyper- 
chlorhydria). 

Remembering  that  the  trypsin  of  the  pancreatic  secretion  is  much  more 
powerful  in  its  action  upon  proteids  than  the  pepsin,  it  might  be  inferred 
that  the  interruption  of  gastric  digestion  is  of  comparatively  little  consequence, 
especially  as  animals  can  live  after  experimental  removal  of  the  stomach. 
We  find  in  practice,  however,  that  no  aberration  of  the  gastric  function  can 
take  place  without  the  occurrence  of  disagreeble  symptoms,  and  no  suspen- 
sion of  those  functions  without  serious  and  somewhat  fatal  results. 

In  conditions  in  which  there  is  a  deficiency  of  pepsin  or  of  hydrochloric 
acid  the  food  is  retained  for  an  abnormally  long  time  in  the  stomach,  distend- 
ing it,  undergoing  putrefactive  changes,  and  either  stimulating  the  organ  to 
reject  it  by  vomiting,  or  passing  it  on  in  an  unprepared  condition  to  the 
intestine,  which  bears  the  iDurden  of  excessive  work.  In  the  beginning  the 
individual  bears  this  fairly  well ;  but  in  the  course  of  time  emaciation, 
anemia,  and  other  changes  present  themselves  as  evidences  of  malnutrition. 

In  cases  of  achlorhydria  associated  with  pyloric  obstruction  two  addi- 
tional evils  are  encountered :  first,  the  suspension  of  digestion,  which  permits 
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ready  decomposition  of  food  in  the  stomach  and  leads  to  the  formation  of 
irritating  and  partially  poisonous  substances,  that  are  in  part  vomited,  in  part 
absorbed,  and  the  inability  of  the  food  to  enter  the  intestine,  where  it  might 
be  digested.  In  such  conditions  as  these,  too  much  importance  must  not  be 
attributed  to  the  chemical  abnormalities  only. 

The  opposite  condition,  in  which  too  much  hydrochloric  acid  is  present 
in  the  gastric  juice,  is  seen  in  Rossbach's  disease,  or  hyper chlorhydria  or 
gastroxia.  Here  the  excessive  acidity  leads  to  eructations  of  acid  fluid, 
vomiting  of  acid  materials,  headache,  and  general  distress.  This  condition 
is  probably  a  neurosis,  but  interferes  with  nutrition  by  exciting  the  stomach 
to  reject  the  food  and  by  depressing  the  general  body  condition. 

The  corrosion  of  the  gastric  wall  by  its  contents  is  a  matter  of  much 
interest,  and  will  be  discussed  at  some  length  under  Diseases  of  the  Stomach. 
So  long  as  the  gastric  tissues  retain  their  vitality,  they  are  immune  against 
the  action  of  "their  own  secretion  ;  but  as  soon  as  any  part  of  them  becomes 
necrotic,  it  is  at  once  attacked  and  digested.  It  is  in  this  manner  that  the 
peptic  ulcers  are  formed.  After  death  the  gastric  juice  at  once  begins  to 
attack  the  tissue,  causing  the  postmortem  softening  described  as  gastro- 
malacia. 

{]))  The  digestion  of  carbohydrates  takes  place  in  the  mouth  and  in 
the  stomach  through  the  agency  of  ptyalin,  a  ferment  of  the  saliva,  and  in 
the  intestine  through  the  action  of  amylopsin,  a  ferment  of  the  pancreatic 
juice.  Foods  remain  in  the  mouth  so  short  a  time  that  the  action  of  ptyalin 
upon  them  is  of  short  duration  and  must  be  productive  of  very  limited  result. 
Ptyalin  digestion  continues  in  the  stomach  for  a  short  time,  but  as  soon  as 
.003  per  cent,  of  free  hydrochloric  acid  is  present  it  ceases.  Lusk  has  found 
that  cane  sugar  can  be  inverted  to  dextrose  and  levulose  in  the  stomach,  but 
a  study  of  the  gastric  juice,  of  proteid  digestion,  and  of  the  gastric  contents 
during  digestion,  convinces  one  that  the  stomach  is  intended  for  the  diges- 
tion of  proteid  substances  only. 

It  is  in  the  intestine,  therefore,  through  the  activity  of  the  pancreatic 
enzyme  amylopsin,  that  the  digestion  of  carbohydrates  is  accomplished.  In 
passing  it  may  be  well  to  remark  that  the  ptyalin  and  amylopsin  digestions 
in  no  way  differ  from  one  another,  and  that  the  enzymes  are  identical  so  far 
as  can  be  determined.  The  succus  entericus  also  contains  an  amylolytic 
enzyme  of  its  own.  Ptyalin  and  amylopsin  act  upon  starches,  converting 
them  to  sugar,  the  end-product  of  this  conversion  being  maltose.  The  con- 
version is  not  a  direct  one,  the  complexity  of  the  starch  molecule  probably 
preventing  this.  The  process  seems  to  take  place  through  the  assumption  of 
water  by  the  starch,  with  the  formation  of  soluble  starch  or  amylodextrin. 
The  molecule  then  splits,  with  the  formation  of  maltose  and  a  form  of 
dextrin  which,  because  of  the  red  color  that  it  strikes  with  iodin,  is  called 
erythrodextrin.  The  same  hydrolytic  process  now  repeats  itself  with  the  for- 
mation of  more  maltose  and  another  form  of  dextrin,  the  achroodextrin, 
which  becomes  maltodextrin,  and  finally  maltose. 

The  final  step  in  ptyalin  and  amylopsin  digestion  is  thus  seen  to  be 
maltose ;  but  there  is  a  further  transformation  of  carbohydrates  brought 
about  by  the  activity  of  an  mverting  ferment  (Jnvertin)  secreted  by  the 
intestinal  epithelium,  by  which  the  maltose  is  transformed  to  dextrose,  in 
which  form  it  is  absorbed. 

Pathology  of  Carbohydrate  Digestion. — The  rarity  of  recognized  serious 
disease  of  the  pancreas,  and  the  occurrence  of  an  amylolytic  ferment  in  the 
intestinal  secretion,  combine  to  make  it  difficult  to  determine  the  cause  of 
the  pathologic  changes  of  carbohydrate  digestion.  There  seem  to  be  few  con- 
ditions in  which  failure  of  carbohydrate  digestion  becomes  important  or  serious. 
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However,  fermentative  changes  produced  by  the  intestinal  bacteria  may 
lead  to  irritative  diarrhea. 

{/)  Digestion  of  Fats. — Fats  are  digested  through  the  agency  of  an 
enzyme  of  the  pancreatic  secretion  {steapsin)  and  by  the  bile.  Our  knowl- 
edge of  the  process  is  limited.  In  all  probability  the  fat  is  acted  upon  by 
the  steapsin  and  split  by  hydrolytic  cleavage  into  glycerin  and  fatty  acids. 
The  fatty  acids  combine  with  the  alkaline  salts  of  the  bile  and  intestinal 
juices,  forming  soaps.  The  glycerin  and  soaps  are  readily  diffusible,  and 
it  is  in  these  forms  that  the  fats  are  absorbed. 

Pathology  of  the  Digestion  of  Fats. — The  activity  of  the  oleolytic  en- 
zyme (steapsin)  is  sometimes  observed  in  disease  or  injury  of  the  pancreas, 
in  which  some  of  the  secretion  escapes  into  the  surrounding  cellular  and  fatty 
tissues.  Under  these  circumstances,  rounded  whitish  nodules,  varying  in  size 
from  that  of  a  pin-head  to  that  of  a  hen's  egg,  of  a  soft,  waxy  consistency, 
and  not  infrequently  infiltrated  with  lime,  are  found  in  the  fatty  tissue. 
Their  formation  depends  upon  the  activity  of  the  pancreatic  enzyme,  and 
the  condition  is  usually  described  as  fat  necrosis. 

The  presence  of  fatty  matter  in  the  stools  is  characteristic  of  pancreatic 
disease. 

The  most  interesting  interference  with  the  digestion  of  fats  is  seen  in 
obstructive  diseases  of  the  biliary  ducts  associated  with  retention  of  the 
hepatic,  and  probably  also  of  the  pancreatic,  secretions,  and  associated  with 
the  condition  clinically  known  s&  jaundice  {q.  v.).  Under  these  conditions 
the  failure  of  bile  to  enter  the  intestine  deprives  the  contents  of  their  normal 
coloring-matter,  so  that  the  feces  become  abnormally  pale-clay  colored.  The 
absence  of  bile  also  interferes  with  the  saponification  of  fats,  which  pass  out 
in  the  feces,  giving  them  a  pasty  consistency. 

(rt?)  Water  enters  the  body  both  as  a  component  of  the  softer  foods  and 
as  a  beverage.     It  requires  no  digestion  or  transformation. 

(e)  Inorganic  salts  of  various  kinds  are  indispensable  to  many  of  the 
vital  processes.  They  are  consumed,  for  the  most  part  without  our  knowledge, 
as  constituents  of  other  foodstuffs.  Sodium  chlorid,  which  is  of  special  im- 
portance, is,  however,  especially  sought  out  and  consumed  in  quantities 
beyond  the  actual  need,  as  is  evinced  by  its  elimination  in  the  urine.  Potas- 
sium, calcium,  and  magnesium  salts  are  components  of  important  tissues ; 
iron  is  one  of  the  important  elements  of  the  hemoglobin  molecule ;  phos- 
phorus and  sulphur  in  various  combinations  are  of  importance. 

The  inorganic  salts  are  probably  of  more  importance  in  facilitating  osmosis 
and  exosmosis,  stimulating  secretion,  bringing  about  certain  important  syn- 
theses and  analyses,  than  in  simply  entering  into  the  composition  of  the 
tissues. 

ASSIMILATION  OF  FOOD. 

The  assimilation  of  the  digested  foods  depends  upon  vital  cellular  ener- 
gies, the  nature  of  which  is  still  undetermined.  The  digested,  proteid 
substances  are  reduced  to  transfusible  albumoses,  and  presumably  pass  from 
the  intestine,  in  which  the  transformation  is  completed,  into  the  capillary 
blood  as  it  circulates  in  their  walls.  It  is,  however,  changed  as  it  passes 
from  the  intestine  to  the  blood,  for,  while  we  find  the  peptones  and  albu- 
moses in  the  intestine,  we  find  neither  in  the  blood,  the  passage  through 
the  cells  serving  to  transform  the  diffusible  albumoses  and  peptones  again 
to  albumin — the  serum  albumin  of  the  blood.  It  is  the  serum  albumin  thus 
formed  that  circulates  in  the  blood  and  supplies  to  the  tissues  their  chief 
proteid  food. 

The  carbohydrate  foods  having  undergone  the  requisite  hydrolytic  changes 
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are  ultimately  reduced  to  maltose,  inverted  to  dextrose,  and  absorbed  into  the 
blood  in  this  form.  Should  all  of  the  dextrose  entering  the  portal  capillaries 
during  the  absorption  of  digested  food  pass  directly  into  the  circulation,  the 
quantity  of  sugar  in  the  systemic  blood  would  increase,  to  fall  again  in  the 
intervals  of  digestion.  We  find,  however,  that  the  liver  plays  a  most  impor- 
tant function,  by  which  the  entrance  of  the  sugars  into  the  systemic  blood  is 
accurately  regulated.  When  the  dextrose  reaches  this  viscus  some  passes 
directly  on  with  the  blood,  but  the  excess  is  taken  up  by  the  hepatic  cells, 
hydrated,  and  converted  into  glycogen,  in  which  form  it  is  retained  until 
needed  to  maintain  the  proper  equilibrium,  when  it  is  transformed  back  to 
dextrose  and  discharged  into  the  blood  current. 

The  fats  transformed  to  glycerin,  fatty  acids,  and  soaps  are  absorbed  in 
these  forms.  A  few  fat  globules  taken  up  by  the  intestinal  epithelial  cells 
and  by  the  leukocytes  are  passed  on  toward  the  centers  of  the  intestinal  villi, 
where  they  ultimately  escape  into  the  lymph  spaces,  become  suspended  in 
the  lymph,  which  then  receives  the  name  chyle,  and,  following  the  lymphatic  ■ 
circulation,  reach  the  thoracic  duct,  and  finally  are  poured  into  the  blood 
of  the  subclavian  vein. 

Pathology  of  Assimilation. — The  assimilation  of  food  may  be  (I) 
diminished  or  (II)  increased. 

I.  Diminished  assimilation  may  depend  upon  (i)  deficient  supply 
of  nutriment ;  (2)  deflection  of  nutriment  from  its  proper  channels. 

I .  Deficient  supply  of  food  may  depend  upon  actual  deficiency  of  bulk  or 
upon  innutritious  quality  of  the  substances  consumed.  The  result  is  in  either 
case  the  same,  the  outcome  being  starvation,  marasmus,  scurvy,  rickets, 
or  asthenia. 

Starvation  or  inanition  occurs  when  the  food  supply  is  withdrawn.  In 
the  living  body  the  processes  of  combustion  and  oxidation  go  on  whether  the 
fuel  comes  from  without  or  from  within,  and  as  soon  as  the  digestive  organs 
cease  to  throw  into  the  circulation  the  usual  products,  the  reserve  supply  is 
first  called  upon,  then  the  consumption  of  the  formed  tissue  slowly  takes 
place.  In  all  probability  the  circulating  proteids  are  first  consumed,  as  dur- 
ing the  first  couple  of  days  during  starvation  about  the  usual  quantity  of 
nitrogen  is  excreted.  After  this  the  glycogen  is  quickly  consumed,  then  the 
fats,  and  then  the  muscles.  The  tissue  loss  may  reach  30  to  50  per  cent,  of 
the  body  weight,  the  chief  losses  being  in  the  fat  and  the  voluntary  muscles. 
The  vital  organs — the  heart  and  central  nervous  system — retain  their  integrity 
longest  and  suffer  the  least  loss  of  weight,  evidently  living  at  the  expense  of 
the  other  organs  and  tissues.     Such  wasting  is  called  emaciation. 

In  cases  of  absolute  withdrawal  of  food  and  water  from  human  beings, 
death  follows  after  a  period  that  varies  from  seven  to  thirty  days.  The  dura- 
tion of  life  is  largely  influenced  by  the  amount  of  available  fuel  stored  in  the 
tissues,  so  that  large,  fat  persons  succumb  after  a  much  longer  interval  than 
others.  Exercise  increases  combustion,  hence  hastens  the  final  stages. 
When  the  consumption  of  water  is  permitted  life  is  prolonged  and  less  dis- 
comfort is  experienced,  as  a  stomach  full  of  water  gives  a  certain  sense  of 
gratification.  When  the  slowly  sinking  temperature  is  supported  by  arti- 
ficial heat,  the  fatal  termination  may  be  delayed. 

The  digestive  organs  slowly  empty  themselves  of  fecal  matter  and  become 
smaller  and  smaller ;  the  bulk  of  the  liver  is  lessened  and  the  secretion  of 
bile  becomes  greatly  reduced ;  excretion  by  all  of  the  organs  is  suspended. 
In  many  the  cells  degenerate.  There  are  certain  well-marked  changes  in 
the  blood,  the  leukocytes  falling  markedly  in  number,  though  the  red  cells 
remain  normal.  Stengel  suggests  that  there  is  really  a  marked  loss  in  red 
cells,  but  the  loss  of  water  makes  it  appear  as  if  the  blood  were  normal. 
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As  the  vital  conditions  become  more  and  more  impaired,  the  walls  of  the 
capillary  blood  vessels  yield  to  the  pressure  of  the  contained  blood  and 
extravasations  occur  into  the  tissues.  Death  takes  place  slowly  from  gradual 
wearing  out  of  the  vital  organs,  errors  of  metabolism,  or  infection.  Starva- 
tion may  be  checked  at  any  time  by  the  administration  of  food  and  the 
resumption  of  the  functions  of  digestion  and  assimilation  unless  the  tissues 
of  the  digestive  organs  have  passed  beyond  the  point  of  being  able  properly 
to  deal  with  the  foods,  when  death  is  inevitable. 

Marasmus  and  cachexia  are  terms  used  to  describe  a  more  protracted  and 
gradual  failure  of  nutrition  than  is  seen  in  starvation. 

The  terrri  marasmus  is  usually  employed  to  describe  the  emaciation  of  im- 
properly nourished  infants,  usually,  though  not  always,  the  victims  of  arti- 
ficial feeding.     It  is  not  always  the  food  that  is  at  fault,  however,  as  many 


Fig.  29. — Marasmus  (Gould  and  Pyle). 


infants,  because  of  inherited  syphilis  or  other  constitutional  vice,  are  unable 
properly  to  digest  or  assimilate  the  most  appropriate  foods.  The  wasting  in 
these  cases  is  very  gradual  and  continues  for  months.  Death  may  result,  or 
at  any  time  the  removal  of  the  cause  of  the  trouble  may  permit  a  rapid  con- 
valescence. During  the  impoverished  condition  the  nutritive  processes  go 
on  irregularly,  and  coexistent  rachitis  is  very  frequent.  Marantic  or  maras- 
mic  infants  present  a  very  characteristic  appearance.  The  body  is  exces- 
sively thin  and  pale,  the  skin  is  wrinkled,  the  visage  drawn,  and  the  expres- 
sion of  the  face  resembles  that  of  senility. 

Cachexia  is  marasmus  of  the  adult,  and  usually  accompanies  malignant 
or  other  chronic  disease.  The  atrophy  of  the  tissues  of  the  body  is  slow. 
There  are  certain  peculiarities  of  the  cachectic  state  not  seen  in  simple 
marasmus,  among  which  are  a  peculiar  yellowish  color  of  the  skin  and  a 
more  profound  anemia.  These  suggested  to  the  older  writers  that  the  grow- 
ing neoplasm  both  abstracted  from  the  blood  nutriment  for  its  own  tissues, 
and  discharged  into  the  blood  deleterious  metabolic  products  which,  acting 
as  impurities,  so  altered  the  composition  of  the  blood  that  predisposition  to 
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further  pathologic  changes  developed.      This  condition  was  described  as 
dyscrasia. 

Rachitis  or  rickets  is  a  malnutrition  of  childhood,  characterized  by 
s.tructural  changes  in  the  bones  (see  Diseases  of  the  Bones)  and  in  the 
organs.  The  nutritive  disturbance  depends  upon  other  factors  than  starva- 
tion, for  when  young  animals  are  half-starved  for  prolonged  periods  they  do 
not  develop  rickets.  The  trouble  seems  to  consist  essentially  of  deficiency 
of  animal  foods  (proteids)  and  of  certain  salts.  The  chief  lesions  are  situated 
in  the  bones,  whose  articular  ends  become  enlarged  through  hyperplasia  of 
the  epiphyseal  cartilages  and  periosteum.  The  line  of  ossification  becomes 
wide  and  irregular ;  the  formed  bone  being  reabsorbed  and  deposited  in 
a  less  regular  and  more  rarefied  condition.  The  new  bone  is  deficient  in- 
lime  salts,  and  is,  in  consequence,  more  or  less  plastic,  so  that  the  effects  of 
pressure  upon  the  growing  bones  cause  characteristic  deformities.  There 
are,  usually,  associated  disorders  of  the  internal  organs.  Gastro-intestinal 
disturbances  are  frequent,  and  may  be  primary  rather  than  secondary.  The 
liver  arid  kidneys  frequently  show  fijarous  proliferations,  suggesting  chronic 
irritation  from  substances  absorbed  from  the  alimentary  tract.  At  one  time 
the  disease  was  thought  to  depend  upon  the  absorption  of  lactic  acid,  but 
this  view  of  the  etiology  of  the  disease  has  never  been  substantiated. 
Occasionally  the  disease  is  congenital,  and  family  predisposition  seems  to 
.occur  in  many  cases.  The  disease  is  much  more  frequent  among  the  poor 
than  among  the  rich,  and  among  negroes  than  Caucasians.  It  is  not  itself  a 
;fatal  affection,  though  large  numbers  of  rachitic  children  die  because  of  the 
■gastro-intestinal  affection,  from  marasmus,  or  from  infections  to  which  their 
depraved  vital  condition  predisposes  them. 

Cases  that  recover  show  permanent  osseous  deformities,  of  which  those  of 
the  pelvis  are  most  important  because  of  the  difficulty-  they  may  cause  in 
parturition. 

Scurvy  or  scorbutus  is  a  nutritive  disease  which,  while  occasionally 
(observed  during  childhood,  usually  appears  in  adult  life.  It  seems  to  be  the 
result  of  unwholesome  rather  than  of  insufficient  food.  Before  the  days  of 
canned  green  vegetables,  when  salt  meats  formed  the  chief  diet  of  sailors, 
scurvy  was  frequent  during  prolonged  sea  voyages.  It  is  rare  at  present, 
because  salt  foods  are  less  used  and  canned  vegetables  cheap.  The  disease 
depends  upon  the  loss  of  certain  compounds  supplied  to  us  only  through 
vegetable  foods.  Garrod  and  others  believe  the  condition  depends  upon 
an  insufficiency  of  the  potassium  salts ;  Rulfe,  that  it  is  the  absence  of 
citrates,  malates,  lactates,  etc.,  by  which  the  blood  becomes  abnormally 
acid.     According  to  this  view,  scurvy  is  a  form  of  acid  intoxication. 

The  disease  develops  slowly,  emaciation  and  anemia  being  succeeded  by 
the  occurrence  of  stomatitis.  The  gums  become  swollen  and  spongy,  and 
bleed  readily  from  slight  injury ;  the  teeth  become  sensitive  and  loosen. 
Alveolar  inflammations  occur,  probably  through  infection  from  the  mouth, 
and  the  loosened  teeth  fall  out.  Sometimes  ulcerations  form  upon  the 
gums,  which  may  become  so  swollen  and  fungoid  as  to  obscure  the  teeth. 
A  marked  disposition  to  hemorrhagic  extravasations  is  observed,  and  pete- 
chias, ecchymoses,  and  suffusions  occur  in  the  skin,  upon  the  mucous  and 
serous  membranes,  and  into  the  muscles  and  organs.  The  blood  is  dark 
colored  and  fluid.  There  are  no  characteristic  morbid  lesions  visible  to 
the  naked  eye,  and  microscopically  the  only  lesions  of  the  organs  are  inter- 
stitial hemorrhages  and  parenchymatous  degenerations. 

In  cases  in  which  the  alveolar  inflammations  are  very  severe,  necrosis 
of  the  maxillary  bone  has  been  observed.  In  severe  scurvy  of  adolescence 
separations  of  the  epiphyseal  cartilages,  separation  of  the  costal  cartilages 
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from  the  sternum,  and  other  osseous  and  chondrous  lesions  may  occur.  Pre- 
disposition to  infection  is  marked,  and  wounds  fail  to  heal  and  fractures  to 
unite. 

2.  Deflection  of  nutriment  with  serious  consequences  is  very  rare.  The 
digested  foods  for  the  most  part  pass  through  the  capillary  wall  and  are 
carried  in  the  portal  blood  to  the  liver.  The  great  bulk  of  the  assimilated 
products  takes  this  course.  A  certain  proportion  however,  is  poured  into 
the  circulation  through  the  thoracic  duct.  In  the  intervals  of  digestion  the 
fluid  passing  through  the  thoracic  duct  is  probably  lymph,  but  during  the 
period  of  absorption  following  digestion  it  contains  fat  in  an  emulsified 
state,  and  other  substances,  which  impart  to  it  the  ability  to  coagulate 
readily.  When  through  injury  or  operation  the  thoracic  duct  is  permitted 
to  waste  its  contents  through  an 
external  fistula,  death  following 
progressive  emaciation  is  of  fre- 
quent occurrence.  It  would 
probably  occur  in  all  cases  were 
it  not  for  the  often  present  ac- 
cessory thoracic  duct  of  the  right 
side,  the  free  lymphatic  anas- 
tomoses, and  the  recently  dis- 
covered anastomoses  between  the 
lymphatics  and  veins  of  the  ab- 
domen and  thorax.  It  is  difficult 
to  explain  why  emaciation  and 
death  should  occur  in  such  cases, 
as  an  abundance  of  assimilable 
material  enters  the  blood  in  other 
ways. 

II.  Increased  or  excessive 
assimilation  has  its  dangers  in 
that  it  leads  to  the  accumulation 
of  certain  substances  in  the  body, 
of  which  normal  amounts  are 
beneficial,  but  excessive  quanti- 
ties injurious. 

Obesity  or  polysarcia  is  an 
excessive  deposition  of  fat  in 
the  fat-storing  tissues.  There  is 
little  evidence  to  show  that  fats 
can  be  formed  from  proteids, 
but  we  find  that  the  metabolic  processes  readily  manufacture  fats  from  car- 
bohydrates. Individuals  excluding  all  fats  from  their  dietary  continue  to 
take  on  fat  so  long  as  the  carbohydrate  diet  is  unrestricted.  We  can,  there- 
fore, suppose  that  obesity  depends  upon  the  formation  of  fat  in  the  body  and 
its  deposition  in  the  tissues.  It  becomes  an  interesting  question  to  deter- 
mine whether  the  excessive  deposition  of  fat  depends  upon  excessive  diges- 
tion, assimilation,  and  transformation  of  carbohydrates,  or  whether  it  depends 
upon  diminished  oxidation  of  these  fat- forming  elements.  Obesity  usually 
occurs  in  persons  naturally  possessed  of  strong  digestive  powers,  who  stimu- 
late the  digestive  function  with  alcohol  and  live  sedentary,  inactive  lives. 
In  many  cases  it  accompanies  anemia.  All  of  these  conditions  lead  us  to 
assume  that  both  factors  are  operative;  and  that  though  there  must  be  an 
increased  assimilation  of  carbohydrates  in  the  majority  of  cases,  there  is  also 
a  deficiency  of  oxidation  by  which  they  are  destroyed.     Hereditary  tendency 
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to  obesity  is  commonly  observed,  and  probably  depends  upon  inherited  active 
digestive  powers  or  bodily  indolence. 

It  is  difficult  to  define  obesity,  as  there  is  no  distinct  limit  to  the  fatty 
deposits  that  may  occur  in  health. 

The  appearances  are  too  well  known  to  require  description.  The  trunk 
is  usually  disproportionate  to  the  limbs,  though  these  may  be  of  enormous 
size.  The  belly  becomes  very  large  and  pendulous.  Rolls  of  fat  occur 
about  the  neck,  giving  a  well-marked  double  chin,  and  the  mammary  glands 
become  very  large  and  pendulous.  The  weight  that  may  be  attained  in 
obesity  is  almost  beyond  belief.  The  most  famous  of  all  fat  men  was  prob- 
ably Daniel  Lambert,  who  at  the  age  of  thirty-nine  years  weighed  6i6  pounds. 
Women  also  may  occasionally  reach  this  extreme  size ;  Millie  Josephine,  of 
Chicago,  at  the  age  of  thirteen  (?)  measured  5  feet  6  inches,  and  weighed  422 
pounds.  Children  may  also  suffer  from  obesity,  there  being  a  collection  of 
such  cases  in  Gould  and  Pyle's  "  Curiosities  and  Anomalies  of  Medicine." 
Among  them  is  recorded  a  little  girl  of  four  years,  who  weighed  256  pounds. 

Certain  parts  of  the  body  always  escape  the  fatty  deposits.  Among  these 
may  be  mentioned  the  subcutaneous  tissue  of  the  nose,  lips,  ears,  and  penis. 
The  deposits  are  always  in  the  connective  tissues,  so  that  the  organs  are  in 
no  wise  disturbed.  Extreme  fatty  deposits  in  the  subepicardial  tissue  are 
said  to  weaken  the  heart's  action. 

METABOLISM. 

Metabolism  is  the  phenomenon  of  molecular  exchange  peculiar  to 
living  substance.  All  living  beings  exercise  functions  and  thus  expend 
energy,  this  energy  costing  them  certain  molecular  alterations  by  which 
their  tissues  become  changed  and  ultimately  destroyed  if  no  opportunity 
of  reintegration  is  afforded  them.  Metabolism  thus  becomes  one  of  the 
essential  characteristics  of  life. 

The  metabolic  processes  while  believed  to  be  chemical  are  as  yet  inexpli- 
cable, and  are  inherent  in  and  peculiar  to  living  cells.  Dead  cells,  even 
while  enclosed  in  the  body,  manifest  no  such  properties,  and  the  cellular 
derivatives — intercellular  substance — ^are  ametaboUc. 

According  to  their  nature,  the  metabolic  processes  can  be  divided  into 
those  which  are  constructive  or  integrative,  called  anabolic,  and  those  which 
are  destructive  or  disintegrative,  called  kataboUc. 

The  anabolic  processes  are  synthetic.  Out  of  the  nutrient  materials  dis- 
tributed to  them  by  the  blood,  the  cells,  through  the  aid  of  enzymes  (?),  build 
up  more  complex  molecules. 

The  katabolic  processes  are  largely  analytic,  and  consist  in  the  reduction 
of  the  molecules  to  simpler  and  simpler  compounds  until  the  ' '  end-products ' ' 
are  reached.  By  the  synthetic  processes  cytoplasm  is  formed  and  the  numer- 
ous secretions  of  the  body  manufactured  ;  by  the  analytic  processes  the  com- 
plex molecules  are  transformed  to  water,  carbon  dioxid,  urea,  etc. 

In  ordinary  normal  cell  life  concomitant  anabolism  and  katabolism  are  in 
continual  progress,  the  exhausted  cytoplasmic  molecules  being  subject  to 
immediate  reintegration. 

The  cellular  processes  are  associated  with  oxygen  absorption  and  carbon- 
dioxid  excretion,  so  that  there  is  a  constant  gaseous  exchange  called  cell 
respiration.  In  the  normal  condition  a  proper  equilibrium  between  the 
oxygen  supplied  and  carbon  dioxid  removed  is  maintained  by  the  circulat- 
ing blood ;  but  in  pathologic  conditions  this  balance  frequently  becomes  dis- 
turbed, and  the  ill  effects  of  excessive  or  deficient  oxidation  becomes  apparent. 

Though  in  the  condition  known  as  asphyxia  the  effects  of  insufficient  oxi- 
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dation  are  easily  recognized  by  the  occurrence  of  carbon-dioxid  poisoning, 
it  is  scarcely  probable  that  the  opposite  condition — excessive  oxidation — is 
analogous.  Accelerated  or  excessive  oxidation  does  not  occur  in  conse- 
quence of  an  excessive  absorption  of  oxygen,  but  from  accelerated  cellular 
energy,  by  which  rapid  oxidation  of  its  molecules  occurs.  It  is  scarcely 
possible  for  the  cells  to  receive  an  injurious  oxygen ,  supply,  though  they 
commonly  suffer  destruction  in  consequence  of  overactivity  from  quantities 
that  may  be  below  normal.  The  conditions  in  which  oxidation  of  the 
cells  becomes  pathologic  are  asphyxia  and  fever. 

Asphyxia  or  suffocation  is  an  invariably  fatal  condition  resulting  from 
the  combined  effects  of  insufficient  oxygenation  and  carbon-dioxid  poison- 
ing. No  animal  can  live  without  oxygen,  nor  can  any  animal  live  in  an 
atmosphere  of  carbon  dioxid.  In  an  atmosphere  of  carbon  dioxid  an  animal 
dies  almost  immediately ;  but  in  an  atmosphere  without  oxygen  it  dies  almost 
as  soon,  presumably  from  carbon  dioxid  collecting  in  its  own  economy,  though 
possibly  from  lack  of  oxygen. 

When  the  simple  forms  of  animal  life  are  placed  in  an  atmosphere  of 
carbon  dioxid,  they  become  inactive  and  soon  die.  Upon  the  differentiated 
cells  of  the  higher  animals  the  poison  behaves  somewhat  differently,  acting 
first  as  a  stimulant,  then  as  a  depressant.  The  effects  of  carbon-dioxid 
poisoning  are  well  shown  in  the  phenomena  attending  the  death  of  one  of 
the  higher  animals. 

When  the  supply 'of  oxygen  is  completely  shut  off  the  animal  almost 
immediately  becomes  anxious,  the  respiratory  movements  accelerated,  and 
the  pulse  quickened.  As  the  carbon  dioxid  accumulates  in  the  system  the 
need  of  oxygen  becomes  more  and  more  distinct,  and  more  and  more  forcible 
expiratory  movements  are  made  until  the  animal  is  thrown  into  convulsions, 
that  are  succeeded  by  feebler  gasping  efforts,  and  finally  by  death. 

It  is  customary  to  divide  the  phenomena  of  asphyxia  into  three  stages : 
(i)  That  of  exaggerated  breathing,  in  which  inspiratory  efforts  predominate ; 
(2)  that  of  convulsions,  in  which  expiratory  efforts  predominate ;  (3)  that 
of  exhaustion. 

The  phenomena  seem^  to  depend  upon  poisoning  of  the  nerve  cells. 
As  the  carbon  dioxid  is  inhaled,  or  accumulates  in  the  blood,  it  acts 
upon  the  respiratory  centers  of  the  medulla  oblongata,  at  first  stimulating 
them  to  more  forcible  action  and  increasing  the  inspiratory  efforts,  so  that 
more  oxygen  may  be  inhaled,  next  urging  the  muscles  to  forcible  expiratory 
efforts,  so  that  more  carbon  dioxid  may  be  expelled.  Finally  the  stimulation 
of  the  cells  passes  into  depression  as  the  poison  keeps  accumulating  in  the 
blood,  and  the  cells  die.  It  is  interesting  to  observe  that  every  muscle  that 
can  possibly  lend  the  slightest  assistance  to  the  progress  of -respiration  is 
called  into  action  during  asphyxia.  Not  only  are  the  respiratory  centers 
stimulated  by  the  carbon  dioxid,  but  the  vasomotor  and  other  nervous 
ganglia  also  become  excited.  During  the  first  stage  the  vasomotor  stimu- 
lation of  the  gas  brings  about  the  contraction  of  the  arterioles,  thus  causing 
marked  increase  in  the  blood  pressure.  As  the  poison  increases  in  the  blood, 
it  next  produces  stimulation  of  the  pulmonary  arterioles,  preventing  the 
right  heart  from  readily  driving  the  blood  through  them.  The  vigorous 
pulsations  of  the  left  heart  succeed  in  driving  the  blood  through  the  con- 
stricted arterial  system  to  the  veins,  but  the  right  heart  experiences  diffi- 
culty, because  of  its  weaker  wall,  in  forcing  the  blood  through  the  pul- 
monary system.  The  obstruction  to  the  circulation  in  the  pulmonary  ves- 
sels thus  produced  occasions  distention  of  the  right  heart  and  pulmonary 
artery,  together  with  a  diminished  flow  of  blood  through  the  pulmonary 
veins  into  the  left  side  of  the  heart.      The  heart  ceases  to  beat  in  dias- 
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tole,  its  cavities  are  full  of  blood,  and  its  right  side  greatly  overdistended. 
After  death  the  blood  passes  from  the  left  side  into  the  arteries,  so  that  at 
iiecropsies  held  upon  asphyxiated  individuals  the  right  side  of  the  heart  and 
the  great  veins  are  greatly  engorged  with  blood,  though  the  left  side  of  the 
heart  is  usually  empty.  The  innervation  of  the  iris  is  also  affected  and  the 
pupil  widely  dilated.  As  the  stage  of  exhaustion  is  reached  the  feces  and 
urine  may  be  spasmodically  evacuated,  showing  that  the  nervous  regulating 
mechanism  of  the  bladder  and  rectum  may  be  acted  upon. 

Dyspnea  is  a  condition  of  accelerated  respiration  observed  in  many  dis- 
eased conditions  of  the  heart  and  lungs,  in  which,  for  mechanical  reasons, 
the  blood  becomes  charged  with  carbon  dioxid.  The  quantity  of  poison  in 
this  condition  is  sufficient  to  stimulate  the  respiratory  centers,  though  not  to 
depress  them.  According  to  the  severity  of  the  condition,  the  accessory 
muscles  of  respiration  are  called  into  play.  The  blood  is  insufficiently 
oxygenated,  and  the  bluish  venous  blood  in  the  superficial  vessels  gives  the 
skin,  especially  of  the  face,  the  lips,  the  finger-tips,  and  nails  a  purplish 
color  (cyanosis). 

It  cannot  be  said  with  certainty  that  the  degree  of  carbon-dioxid  poison- 
ing seen  in  dyspneic  conditions  is  distinctly  prejudicial  to  the  cells  of  the 
body.  The  cells  of  the  respiratory  centers  are  probably,  for  obvious  reasons, 
particularly  sensitive  to  it. 

Apnea  is  the  opposite  condition  to  dyspnea  and  asphyxia,  in  which  it 
would  seem  that,  as  the  result  of  forcible  inspiration,  an  excess  of  oxygen 
had  accumulated  in  the  blood.  It  seems,  however,  to  be  a  reflex  phenome- 
non and  not  dependent  upon  oxygen  alone,  as  when  nitrogen,  hydrogen,  or 
other  inert  gases  are  so  inhaled  the  same  condition  arises.  The  apneic  con- 
dition is  characterized  by  a  period  of  rest  succeeding  forced  inspirations,  as 
if  the  quantity  of  oxygen  that  had  been  absorbed  were  sufficient  to  last  for 
some  time,  so  that  further  respirations  become  for  the  time  being  unneces- 
sary. 

There  is  no  known  condition  in  which  too  much  oxygen  is  absorbed  into 
the  blood,  as  its  hemoglobin  and  plasma  seem  capable  of  taking  only  so 
much  of  the  gas,  and  even  in  atmospheres  of  pure  oxygen  can  absorb  no 
more.  Should  it  be  possible  for  unlimited  oxygen  to  be  absorbed,  the  accel- 
eration of  combustion  might  lead  to  speedy  destruction  of  tissue.  Though 
the  oxidation  of  tissue  is  but  slightly  affected  by  the  quantity  of  oxygen 
absorbed,  other  causes  intrinsic  in  the  organism  may  very  markedly  influence 
combustion,  and  not  only  occasion  rapid  tissue  destruction,  but  also  increase 
of  temperature.     This  condition  is  seen  in  fever. 

Fever  is  a  term  clinically  used  to  describe  conditions  essentially  char- 
acterized by  increased  temperature  and  accelerated  combustion  of  the  body. 
It  is  often  spoken  of  as  pyrexia,  and  is  by  many  authors  sharply  differ- 
entiated from  hyperthermia,  which  occurs  in  consequence  of  insolation, 
nervous  lesions,  and  manipulations,  and  is  characterized  by  increase  of  tem- 
perature, often  to  a  point  beyond  that  seen  in  fever,  but  by  little  destruc- 
tive oxidation  of  the  tissues.  There  is,  however,  no  sharp  line  of  differen- 
tiation, for  in  hyperthermia  there  is  always  some  acceleration  of  combustion, 
and  in  fever  its  rapidity  is  variable. 

Etiology. — Fever  may  be  traumatic  or  infectious.  Traumatic  fever  re- 
mains unexplained,  but  seems  to  be  not  infrequent  after  fractures  of  the  long 
bones. 

Infectious  fever  depends  upon  irritative  micro-organismal  products.  Both 
animal  and  vegetable  parasites  may  cause  fever;  thus,  the  malarial  fevers, 
that  are  among  the  most  frequent  and  severe,  depend  upon  the  hemameba, 
while  typhoid  fever,  pneumonia,  tuberculosis,  etc.,  depend  upon  bacteria. 
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Hence  there  is  no  specific  micro-organism  of  fever,  which  is  to  be  looked 
upon  as  the  result  of  irritative  and  usually  toxic  disturbance  of  the  nervous 
centers  concerned  in  heat  regulation.  Many  infections  are  accompanied  by 
thermotoxic  irritation  and  many  are  characterized  by  mild  fever.  Those  in 
which  the  toxic  products  have  a  specific  affinity  for  the  thermic  centers  are 
characterized  by  very  high  fever.  The  fever-producing  poison  being  but  one 
of  the  metabolic  products  of  the  micro-organism,  it  is  easy  to  understand 
why  fever  may  at  times  be  very  marked  and  at  other  times  moderate  in  the 
same  form  of  infection,  varying  according  to  the  predominating  product  of 
the  particular  infecting  organism. 

Experimental  fever  may  be  produced  by  injecting  peptones,  albumoses, 
and  other  substances  into  the  blood. 

The  mechanism  of  fever  is  complicated  and  variable.  Knowledge  of  the 
subject,  when  sifted,  seems  to  show  that  in  all  cases  there  is  increased  heat 
production,  and  in  most  cases  diminished  heat  dissipation.  The  occurrence 
of  fever,  therefore,  seems  to  depend  upon  irritation  of  the  heat-regulating 
apparatus  rather  than  upon  the  centers  having  to  do  essentially  with 
thermogenesis  or  thermolysis. 

The  rise  of  temperature  may  be  very  slight  (feverish)  or  may  threaten  the 
life  of  the  individual  (hyperpyrexia).  The  duration  of  fever  varies  accord- 
ing to  its  cause.  In  mild  infections  of  short  duration  the  condition  soon 
passes  away  (ephemeral  fever)  ;  in  slow  infections  it  may  continue  for  weeks 
(continued  fever).  However  mild  or  severe,  ephemeral  or  continuous,  it 
may  be,  it  seems  to  furnish  an  excellent  guide  by  which  information  con- 
cerning the  progress  of  infection  can  be  secured. 

Certain  anatomic  changes  characteristic  of  fever  result  from  the  accel- 
erated combustion.  Whether  it  is  correct  to  speak  of  these  changes  as 
depending  upon  the  fever  is  a  question,  for  the  elevated  temperature  alone 
is  insufficient  to  bring  them  about,  as  is  evinced  by  their  absence  in  hyper- 
thermia. It  is  not  only  possible,  but  highly  probable,  that  these  changes  are 
not  the  result  of  the  fever,  but  of  accompanying  phenomena,  depending 
upon  the  same  conditions  as  are  responsible  for  the  disturbance  of  thermo- 
taxis.  Thus,  an  intoxication  stimulating  the  heat-regulating  mechanism  of 
the  body  may  simultaneously  bring  about  destruction  of  the  red  blood  cor- 
puscles, cloudy  swelling  of  the  kidney  epithelium,  irritability  and  hyaline 
degeneration  of  the  heart  muscle,  and  various  similar  changes.  These,  in 
turn,  prevent  the  proper  functional  activity  of  the  secretory  and  excretory 
glands  of  the  body,  with  the  result  that  the  supply  of  useful  secretions  fails 
and  the  elimination  of  waste  products  is  inhibited,  so  that  the  organism  finds 
itself  in  a  very  abnormal  condition,  depending  upon  the  intoxication  rather 
than  upon  the  fever,  which  is  but  one  expression  of  the  intoxication. 

In  fever  nearly  all  of  the  tissues  of  the  body  suffer  more  or  less  change, 
either  from  direct  toxic  irritation  or  from  involved  morbid  processes. 

The  blood  usually  shows  that  hemolysis  is  in  progress,  its  erythrocytes 
being  destroyed.  Ughetti  believes  that  the  hemolysis  is  the  essential  feature 
of  the  fever.  The  urine  is  usually  dark  in  color  in  consequence  of  the 
presence  of  blood  pigment  liberated  from  the  red  blood  corpuscles.  The 
alkalinity  of  the  blood  is  usually  diminished,  and  Minkowski  has  found  lactic 
acid  in  the  blood  of  dogs  with  experimental  fever.  The  reduction  of  alka- 
linity is  in  proportion  to  the  severity  of  the  fever,  and  persists  for  some  time 
after  the  temperature  returns  to  normal.  Increased  alkalinity  of  the  blood 
has  also  been  observed  by  Biernacki.  Leukocytosis  is  present  in  most  fevers 
(see  Leukocytosis),  and  fibrin  is  increased  in  some. 

The  parenchymatous  organs  are  found  after  death  to  be  in  a  state  of 
cloudy  swelling,  and  so  regularly  is  this  the  case  and  so  well  does  this  con- 
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dition  explain  the  abnormal  action  of  these  organs  that  it  seems  proper  to 
believe  that  cloudy  swelling  of  the  parenchymatous  organs  is  constantly 
present  in  pyrexia.  In  exceptionally  severe  fever  with  hyperpyrexia,  fatty 
metamorphosis  of  the  parenchymatous  organs  is  nearly  always  present. 

The  heart  and  voluntary  muscles  show  degenerative  changes  chiefly  of 
the  hyaline  form.  The  striations  of  the  muscle  fibers  are  lost,  they  break 
up  into  homogeneous  masses  and  many  of  them  disappear.  In  the  heart 
muscle  fatty  degeneration  not  rarely  occurs  and  may  be  the  cause  of  death. 

Concerning  the  whole  body,  there  is  no  condition  in  which  it  wastes  so 
rapidly  as  in  fever.  The  fat  is  first  absorbed  and  consumed,  the  muscular 
tissues  next,  and  the  glandular,  connective,  and  nervous  tissues  last  called 
upon  to  furnish  the  heat. 

All  the  functions  of  the  body  are  disturbed  in  fever.  The  circulation  is 
usually  accelerated,  and  the  cardiac  action  may  be  so  rapid  as  to  prevent 
counting  the  pulse.  Very  rapid  pulse  is  common  in  scarlatina ;  very  slow 
pulse  in  typhoid  fever.  The  cardiac  action  is  also  altered  in  rhythm  by 
shortening  of  the  diastole.  The  blood  pressure  varies  according  to  the 
vasomotor  excitation  present,  but  is  usually  low. 

The  respiration  is  also  accelerated,  the  normal  pulse-respiration  ratio 
usually  being  retained.  The  respirations  may  be  shallow  or  deep.  In  the 
latter  case  the  accessory  muscles  of  respiration  are  called  to  action. 

The  glandular  secretions  are  profoundly  altered  and  universally  dimin- 
ished. The  salivary  glands  pour  out  a  scanty,  thick  secretion,  so  that  the 
mouth  becomes  dry  and  the  patient  suffers  from  thirst.  The  gastric  juice  is 
said  to  be  reduced  in  amount  and  its  acid  lessened,  so  that  proteid  digestion 
is  embarrassed.  The  liver  being  in  a  state  of  cloudy  swelling,  probably  less 
bile  than  normal  is  secreted.  The  absence  of  the  usual  quantity  of  bile, 
together  with  diminished  secretion  of  intestinal  juice,  cause  constipation, 
except  where  some  other  condition  is  present  to  occasion  diarrhea. 

The  skin  is  hot  and  dry  in  fever  and  the  secretion  of  sweat  suppressed. 
This  gives  the  skin  a  hot,  dry,  pungent  feel.  Sweat  may  be  abundantly 
secreted  during  crisis  or  during  intermissions. 

The  urine  is  scanty,  dark  colored,  and  of  high  specific  gravity.  In  most 
cases  it  contains  small  quantities  of  albumin,  and  may  contain  tube  casts. 
The  potassium  salts  are  usually  increased  and  the  chlorids  diminished. 
Various  abnormal  urinary  ingredients  present  themselves  under  the  varying 
conditions  met  in  fever.  Among  these  may  be  mentioned  albumoses,  where 
destruction  of  tissue  is  in  progress ;  acetone,  diacetic  acid,  and  oxybutyric 
acid.  An  increased  proportion  of  sulphates  is  present,  as  well  as  an  increase 
of  phosphorus.  In  typhoid  fever  and  some  other  slow  febrile  processes 
diazobenzophenosulphonic  acid  may  be  present,  giving  the  "  diazo  reaction  ' ' 
of  Ehrlich. 

The  mammary  secretion  is  both  diminished  in  quantity  and  altered  in  qual- 
ity, as  nursing  infants  often  become  ill  from  the  milk  of  a  febrile  mother. 

The  nervous  system  suffers,  sometimes  from  the  very  beginning  of  fever, 
the  symptoms  being  headache,  vague  pains  in  the  back  and  extremities, 
delirium  that  may  be  wild  and  maniacal  or  low  and  muttering,  accompanied 
by  subsultus  tendinum  (twitching  of  the  tendons  in  their  sheaths)  and  car- 
phologia  (a  tendency  to  pick  at  and  draw  up  the  bedclothes). 

The  metabolic  processes  in  fever  are  very  interesting,  and  a  study  of  the 
excretions  shows  exactly  what  is  taking  place  in  the  tissues  of  the  patient. 

Study  of  the  respiration  shows  that  the  discharge  of  carbonic  acid  and 
absorption  of  oxygen  are  greater  in  the  initial  stages  of  fever  than  in  health. 
During  the  fastigium  and  throughout  the  period  of  decline  this  varies  but 
little  from  the  normal. 
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The  renal  secretion  shows  that  the  excretion  of  nitrogen  (urea)  is  far 
greater  in  fever  than  it  is  in  health  upon  the  same  diet,  this  increase  begin- 
ning before  the  rise  of  temperature  and  ceasing  with  its  decline.  It  is  the 
index  of  proteid  destruction  in  the  body.  The  alloxuric  bases  are  also  all 
increased,  indicating  destruction  of  nucleo-albumins  as  well  as  other  proteids. 

SECRETION. 

Secretions  are  fluid  or  semi-fluid  products  of  cellular  activity,  produced 
chiefly  by  the  epithelial  glands  and  intended  for  further  use  in  the  economy. 
Secretions  differ  from  excretions  in  that  the  latter  are  of  no  further  use  and 
are  formed  solely  for  removal  from  the  body ;  but  the  distinction  is  often 
difficult  to  make,  because  some  glandular  products,  like  the  bile,  are  both 
secretory  and  excretory  in  nature.  Both  secretions  and  excretions  are 
elaborated  by  the  cells  from  materials  obtained  from  the  blood. 

Secretions  may  be  external  or  internal.  External  secretions  are  conveyed 
from  the  glands  by  ducts  in  order  that  they  may  immediately  perform  their 
functions,  as  in  the  case  of  saliva,  gastric  and  pancreatic  juices,  bile,  milk, 
etc.  Internal  secretions  are  retained  within  the  glands,  to  be  slowly  absorbed 
from  them  for  distribution  by  the  blood.  The  ductless  glands  all  have 
internal  secretions,  and  it  seems  probable  that  the  pancreas,  the  liver,  and 
the  sexual  glands  may  have  both  external  and  internal  secretions. 

Concerning  the  external  secretions,  the  saliva,  gastric  juice,  pancreatic 
juice,  bile,  and  succus  entericus  have  already  been  mentioned  in  their  rela- 
tion to  digestion.  The  mammary  secretion  is  intended  only  to  supply  nour- 
ishment for  the  offspring,  so  need  not  be  particularly  discussed.  The  im- 
portant internal  secretions  are  formed  by  the  thyroid,  pituitary,  adrenal, 
pancreas,  liver,  and  sex  glands. 

The  thyroid  secretion  exerts  a  very  pronounced  effect  upon  nutrition. 
When  the  thyroid  gland  is  completely  extirpated  from  dogs  and  cats  the 
animals  soon  develop  an  illness  characterized  by  muscular  tremors,  weak- 
ness, tetany,  convulsions,  and  fatal  cachexia.  Total  extirpation  of  the 
gland  in  man  produces  similar  effects.  The  patient  loses  in  mental  and 
bodily  vigor,  becomes  weak,  his  temperature  is  reduced  and  he  is  chilly ; 
there  are  pains  in  the  arms  and  legs,  the  skin  becomes  thickened  and  the 
hair  falls  out,  the  eyes  water  and  the  speech  becomes  slowed.  If  in  operat- 
ing either  upon  man  or  the  lower  animals  the  extirpation  of  the  gland  is  not 
complete,  but  a  small  fragment  is  left,  the  untoward  symptoms  either  do 
not  develop  or  are  greatly  delayed ;  and  in  cases  in  which  total  extirpation 
has  been  performed,  the  development  of  symptoms  may  be  prevented  or 
delayed  by  the  occasional  subcutaneous  injection  of  an  extract  of  the  glands, 
or  by  eating  the  glands  removed  from  food  animals.  These  facts  lead  us  to 
conclude  that  the  secretion  of  the  gland  is  slowly  absorbed  by  the  blood  and 
controls  the  nutritive  conditions  of  the  body.  When,  through  disease  of 
intra-uterine  life  or  of  infancy,  the  thyroid  gland  fails  to  develop  or  is  de- 
stroyed, the  child  never  grows  in  the  normal  manner,  but  becomes  an  imbe- 
cile dwarf,  with  short  legs  and  arms,  prominent  belly,  soft  white  skin,  mucous 
deposits  in  the  subcutaneous  fatty  tissue,  thick  lips,  large  tongue,  puffy  eye- 
lids, etc.,  known  as  a  cretin. 

A  sporadic  or  occasionally  endemic  form  of  cretinism  known  as  myxedema 
is  occasionally  seen  in  adults  suffering  from  operative  removal,  atrophy,  or 
enlargements  of  the  thyroid  gland,  or,  as  such  enlargements  are  called 
without  reference  to  their  nature,  goiter.  Women  are  more  frequently 
affected  with  myxedema  than  are  men.  The  disease  is  sometimes  heredi- 
tary. It  is  characterized  by  increased  bulk  of  the  body  and  firm,  inelastic 
swelling  of  the  skin,  especially  of  the  face.     The  skin  over  these  swollen 
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areas  is  white,  is  not  indented  by  pressure,  and  the  lines  of  expression  are 
changed  and  often  obliterated.  There  may  be  subcutaneous  swellings 
about  the  roots  of  the  neck.  The  hair  is  imperfectly  nourished  and  not 
infrequently  falls  out.  There  is  considerable  mental  deterioration— loss 
of  memory,  irritability,  and  in  some  cases  delusions  and  hallucinations. 
That  the  thyroid  substance  is  concerned  both  in  cretinism  and  myxedema 
is  shown  by  the  fact  that  both  conditions  improve  and  may  recover  under 
thyroid  medication. 

In  exophthalmic  goiter  we  see  the  opposite  condition  from  that  bringing 
aboutcretinism,  characterized  by  enlargement  of  the  thyroid  gland,  paroxysmal 

attacks  of  cardiac  palpitation,  exophthalmos,  and  nervous  excitement.  These 
appearances  suggest  that  the  symptoms  depend  upon  the  entrance  into  the 
blood  of  an  excess  of  thyroid  secretion,  but  though  upon  purely  theoretic 

grounds  this  seems  quite  reasonable, 
there  are  reasons  for  doubting  it. 
Thus,  there  is  no  experimental  evi- 
dence that  thyroid  secretion  can  pro- 
duce exophthalmos.  Sollier  has  also 
shown  that  rare  cases  of  combined 
myxedema  and  exophthalmic  goiter 
occur,  involving  the  physiologic  par- 
adox of  the  secretion  being  absent  or 
diminished  so  as  to  permit  of  the  oc- 
currence of  myxedema,  yet  increased 
so  as  to  cause  exophthalmic  goiter. 
The  true  relationship  between  the  thy- 
roid gland  and  exophthalmic  goiter, 
therefore,  remains  a  question. 

What  the  important  ingredient  of 
the  thyroid  substance  is  has  not  yet 
been  fully  determined.  Baumann 
found  that  if  sheeps'  thyroids  are 
boiled  for  twenty-four  hours  with  lo 
per  cent,  sulphuric  acid,  the  active 
principle  is  not  destroyed,  but  that 
the  substance  precipitated  after  cool- 
ing such  a  decoction  contains  nearly 
lo  per  cent,  of  iodin.  This  iodin 
seems  to  be  contained  in  the  colloid 
substance,  and  the  name  "  thyroidin  " 
has  been  suggested  to  express  the  ac- 
tive principle  of  the  glandular  secre- 
tion. 

Pituitary  Secretion. — The  exact 
nature  and  true  office  of  this  secretion 
has  not  yet  been  determined.  Some 
relationship  seems  to  exist  between  it 
and  the  thyroid  gland,  both  secretions  exerting  a  marked  and  important 
influence  upon  nutrition.  Accumulating  experience  seems  to  corroborate 
the  view  that  the  interesting  affection  known  as  acromegaly  is  dependent 
upon  disease  of  the  pituitary  body.  Whatever  the  relationship  between 
them  may  be,  the  pituitary  body  is  diseased  in  nearly  all  cases  of  acromegaly. 
In  many  cases  there  is  associated  disease  of  the  thyroid.  In  giantism  also, 
as  shown  by  Hinsdale  and  others,  the  sella  turcica  is  large  and  the  pituitary 
body  larger  than  normal. 


Fig.  31. — Cretin. 
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Acromegaly  is  a  disorder  of  nutrition,  characterized  by  enlargement  of 
the  bones  of  the  face  and  extremities.  The  features  become  large  and 
coarse,  the  malar  bones  and  jaw  unduly  prominent  and  the  face  ponderous. 
The  hands  and  feet  grow  to  a  remarkably  large  size  and  are  obviously  dis- 
proportionate to  the  rest  of  the  body.  There  are  associated  constitutional 
symptoms,  and  the  patient  suffers  from  headache,  sweating,  and  lethargy. 
The  speech  may  be  thick  and  the  memory  impaired,  but  the  intelligence  is 
usually  unaltered  or  but  slightly  blunted.  Blindness  sometimes  occurs, 
probably  when  the  disease  of  the  hypophysis  extends  to  the  optic  tracts. 


Fig.  32. — Man  aged  twenty-eight  years  with  acromegaly  (Sternberg). 

The  enlargements  are  true  hypertrophies,  embracing  all  of  the  tissues  of 
the  affected  members,  even  the  bones,  which  become  roughened  on  the 
exterior  and  somewhat  rarefied. 

The  pancreatic  secretion,  in  addition  to  its  digestive  enzymes — trypsin, 
steapsin,  and  amylopsin — seems  to  contain  a  glycolytic  ferment  that  may  act  in 
one  or  the  other  of  several  ways.  It  may  influence  the  production  of  sugar 
from  glycogen  by  its  action  upon  the  liver  cells,  or  the  production  of  glyco- 
gen from  dextrose  by  its  action  on  dextrose,  or  the  tissues  of  the  body,  so 
that  they  consume  the  dextrose  from  the  sugar. 
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Diabetes. — Diabetes  is  a  disease  characterized  by  an  erroneous  treatment 
of  carbohydrate  foods,  which,  although  properly  digested  and  absorbed,  are 
not  utilized  for  the  generation  of  force  by  combustion,  or  stored  up  in  the 
form  of  fats  and  glycogen,  but  are  immediately  eliminated  by  the  kidneys 
in  the  form  of  sugar. 

The  presence  of  sugar  in  the  urine  is  the  essential  feature  of  diabetes, 
though  it  occurs  in  other  conditions  that  must  be  carefully  differentiated 
from  it.  The  first  of  these  is  alimentary  glycosuria  and  is  seen  in  healthy 
individuals  after  excessive  consumption  of  carbohydrates,  especially  sugars. 
The  excess  of  sugar  being  beyond  what  the  economy  can  dispose  of  by  com- 
bustion or  glycogen  transformation,  accumulates  in  the  blood  {glycemid) 
and  readily  passes  into  the  urine  {glycosuria).  This  condition  is,  however, 
a  temporary  one,  and  its  cause  is  easily  determinable. 

Shock  may  also  cause  glycosuria.  It  is  so  certain  to  produce  it,  that 
scarcely  any  further  manipulation  of  a  dog  is  necessary  than  to  secure  it 
to  an  operating-table  before  sugar  makes  its  appearance  in  the  urine.  The 
majority  of  severe  operations  are  succeeded  by  it.  An  invariable  glyco- 
suria results  from  puncture  of  the  floor  of  the  fourth  ventricle  of  the  brain, 
the  so-called  picquer  of  Claude  Bernard.  When  this  puncture  is  made, 
glycosuria  comes  on  very  quickly.  In  from  thirty  to  forty  minutes  the 
amount  of  sugar  in  the  blood  is  foimd  to  be  doubled  or  trebled,  and  sugar 
is  present  in  the  urine. 

The  maximum  amount  of  sugar  occurs  in  about  an  hour,  after  which  it 
diminishes  and  disappears  in  five  or  six  hours.  Bernard  never  found  it  con- 
tinuing more  than  twenty-four  hours.  Though  the  floor  of  the  fourth  ven- 
tricle seems  to  be  the  part  of  the  nervous  system  best  adapted  to  the  experi- 
mental production  of  glycosuria,  injury  of  other  parts  of  the  brain,  spinal 
cord,  and  peripheral  nerves  may  do  so.  There  is  no  known  injury  of  the 
nervous  system  that  is  succeeded  by  permanent  glycosuria. 

The  effect  of  certain  poisons  and  drugs  may  lead  to  glycosuria  resembling 
diabetes,  but  fungacious  in  character.  Of  these  may  be  mentioned  curare, 
chloroform,  ether,  carbonic  acid,  morphia,  chloral,  corrosive  sublimate,  tur- 
pentine, and  phloridzin.  The  poisoning  by  phloridzin  is  interesting  because 
it  leads  to  the  excretion  of  about  one  hundred  times  as  much  sugar  as  could 
be  formed  by  its  own  disintegration. 

The  removal  of  the  pancreas'  invariably  leads  to  glycosuria  that  more 
closely  approximates  diabetes  than  any  of  the  others,  because  of  its  persist- 
ence and  ultimately  fatal  outcome.  The  condition  develops  only  when 
the  entire  pancreas  is  extirpated.  If  a  small  portion  be  left,  or  if  a  frag- 
ment of  the  organ  be  transplanted  to  the  subcutaneous  tissue,  no  diabetes 
develops,  although  at  any  subsequent  period  its  occurrence  can  be  deter- 
mined by  extirpating  the  fragment.  This  fact  disproves  the  view  held  by 
some  that  pancreatic  diabetes  depends  upon  the  injury  done  to  the  sympa- 
thetic nerves  during  the  operative  removal  of  the  pancreas. 

Senility  is  sometimes  accompanied  by  a  glycosuria  that  closely  resembles 
and  may  be  a  mild  form  of  diabetes. 

Though  it  is  true  that  the  various  glycosurias  induced  by  the  means 
described  all  resemble  diabetes  to  a  more  or  less  perfect  extent,  with  the 
exception  of  the  last  two,  they  all  differ  in  the  fact  that  in  diabetes  alone 
the  condition  is  progressive  and  persistent. 

A  diabetic  is  in  most  respects  quite  normal  until  late  in  the  disease.  The 
appetite  is  good  and  commonly  excessive,  for  the  reason  that  while  an  abun- 
dance of  food  is  taken  by  the  patient,  comparatively  little  is  used.  The 
thirst  is  excessive  and  large  quantities  of  fluids  are  consumed.  This  is  also 
easily  explained,  as  the  patient  is  passing  excessive  quantities  of  urine,  and  the 
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greater  the  quantity  of  urine  passed  the  greater  the  need  of  water  becomes. 
The  large  quantity  of  urine  passed  is  less  easy  to  account  for,  though  it  can 
be  experimentally  shown  that  the  presence  of  sugar  in  the  blood  is  always 
associated  with  an  increased  secretion  of  urine,  so  that  the  sugar  itself  may 
be  responsible  for  it. 

When  the  metabolic  processes  are  estimated  by  studying  the  end-products, 
we  find  that  in  diabetes  the  relative  intake  of  oxygen  and  output  of  CO^  is 
about  normal,  or  that  there  is  a  moderate  increase  of  CO,  in  the  expired  air, 
indicating  that  carbohydrates  are  not  being  consumed.  The  urine  always 
contains  a  great  increase  of  urea,  but  a  study  of  the  diet  of  the  patient  shows 
that  it  consists  essentially  of  proteids,  and  that  the  normal  balance  of  proteid 
metabolism  is  not  disturbed.  In  most  cases  the  excretion  of  urea  is  thor- 
oughly commensurate  with  the  quantity  of  proteid  consumed.  The  proteid 
consumption  may,  however,  be  subject  to  certain  paroxysmal  exacerbations, 
as  when  a  patient,  having  abstained  for  a  time  from  carbohydrate  foods,  sud- 
denly indulges  and  suffers  from  a  sudden  great  increase  in  the  quantity  of 
sugar  in  the  urine,  and  of  urea  as  well. 

The  characteristic  feature  of  the  disease  is  the  occurrence  of  sugar  in  the 
urine.  This  glycosuria  is  always  preceded  by  glycemia,  or  increase  of  the 
sugar  in  the  blood.  Normally  the  blood  contains  o.  i  per  cent,  of  sugar,  of 
which  an  extremely  small  and  usually  unrecognizable  amount  passes  into  the 
urine.  In  severe  diabetes  the  patient  may  pass  as  much  as  4  liters  of  urine, 
containing  250  gm.  of  sugar  each  day. 

The  sugar  present  in  diabetic  urine  is  always  dextrose,  regardless  of  the 
form  in  which  the  sugar  is  consumed — whether  as  dextrose,  saccharose,  lactose, ' 
maltose,  or  as  starch.     In  alimentary  glycosuria  this  is  not  true,  for  if  dogs 
are  given  an  excess  of  levulose,  both  dextrose  and  levulose  appear  in  the 
urine,  and  the  same  is  true  of  galactose. 

The  respiration,  circulation,  and  digestion  of  the  diabetic  are  not  changed. 
The  occasional  errors  of  digestion  are  probably  accidental  and  coincidental 
rather  than  significant.  The  excretory  powers  are  also  unchanged,  except 
as  influenced  by  the  excessive  glycemia.  The  disease,  therefore,  so  far  as 
its  physiology  can  be  determined,  is  one  of  metabolism. 

The  morbid  anatomy  of  the  affection  is  extremely  simple.  The  liver 
is  usually  enlarged  and  somewhat  congested.  The  cells  of  the  parenchyma 
usually  contain  an  excess  of  glycogen  irregularly  scattered  about.  So 
marked  may  be  the  glycogen  deposits  and  so  irregular  their  distribution  that 
some  claim  to  be  able  to  recognize  the  liver  of  a  diabetic  by  its  microscopic 
appearance  alone.  In  the  late  stages  of  the  disease  the  glycogen  may  be 
absent. 

The  kidneys  are  frequently  the  seat  of  an  acute  parenchymatous  degenera- 
tion that  is  probably  caused  by  the  persistent  glycosuria.  It  is  interesting 
to  observe  that  when  albuminuria  occurs  in  diabetics  the  glycosuria  frequently 
lessens.  The  epithelial  cells  of  the  kidneys  usually  contain  large  drops  of 
glycogen,  and  sometimes  the  tubules  are  dilated  with  material  giving  the 
microchemic  glycogen  reaction. 

The  pancreas  is  rarely  grossly  diseased  in  diabetes,  the  abnormal  condi- 
tion sometimes,  as  in  interstitial  pancreatitis,  appearing  to  be  of  some  etiologic 
importance,  while  in  other  cases,  as  carcinoma,  it  is  very  doubtful. 

No  other  organs  are  the  seat  of  important  lesions,  though  they  may  show 
varying  pathologic  changes  associated  with  the  disease.  The  skin,  for  ex- 
ample, may  be  the  seat  of  local  patches  of  gangrene,  and  commonly  shows 
Xanthoma  diabeticorum  and  other  lesions.  From  the  lesions  described,  the 
only  organs  that  need  concern  us  in  seeking  for  the  cause  of  diabetes,  are 
the  liver,  kidney  and  pancreas. 
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The  liver,  as  is  well  known,  is  one  of  the  storehouses  of  the  carbohydrate 
reserve  supply  retained  in  the  form  of  glycogen.  Probably  the  first  to 
point  out  the  possible  association  between  the  liver  and  diabetes  was  Claude 
Bernard  who  taught  that  the  carbohydrates  were  stored  in  the  liver  in  the 
form  of  glycogen,  and  that  under  proper  stimulation,  the  glycogen  was 
transformed  to  sugar  and  supplied  to  the  blood.  If  from  any  cause,  such 
as  nervous  puncture,  the  liver  becomes  congested,  the  conversion  of  glycogen 
to  sugar  was  facilitated  and  hyperglycemia  caused.  If  for  any  reason  the 
congestion  of  the  liver  became  permanent,  diabetes  resulted.  This  theory 
was  criticised  by  Cohnheim  and  others,  who  doubt  that  sugar  is  always 
formed  from  glycogen;  who  find  that  glycogen  is  stored  in  the  muscles  and 
other  tissues  as  well  as  in  the  liver ;  who  bring  forward  evidence  to  show  that 
sugar  may  be  formed  from  proteids  ;  and  who  find  no  experimental  evidence 
to  show  that  increased  rapidity  of  the  flow  of  blood  through  the  liver  can 
be  produced  by  the  puncture  of  the  floor  of  the  fourth  ventricle. 

Bernard  believed  that  in  the  normal  nutrition  of  the  body  the  sugars  were 
carried  by  the  portal  blood  to  the  liver  and  were  there  converted  into  gly- 
cogen, in  which  form  they  were  retained  until  needed,  when  they  were 
again  transformed  to  sugar  and  thrown  into  the  blood.  It  has  been  found, 
however,  that  though  it  may  be  true  that  the  liver  is  important  in  dealing  with 
sugars,  its  function  is  not  indispensable  in  that  particular,  for  if  an  Eck's 
fistula  be  made  between  the  hepatic  and  portal  veins,  so  that  the  sugars  of  the 
portal  vein  reach  the  systemic  circulation  without  passing  through  the  liver, 
no  diabetes  develops  in  the  dogs  so  treated. 

What  becomes  of  the  sugar  under  normal  conditions  is  a  problem  of 
great  importance,  concerning  which  we  are  still  somewhat  in  the  dark. 
The  evidence  seems  to  indicate  that  it  is  oxidized  in  the  functionating 
cells  of  the  body,  wherever  needed,  and  not  consumed  in  some  one  place, 
as,  for  example,  in  the  lungs,  as  Liebig  formerly  thought.  What  is  not  so 
destroyed  is  probably  transformed  to  fats  and  glycogen,  and  stored  in  various 
of  the  tissue  cells. 

Diseased  kidneys  have  been  thought  by  many  to  be  the  source  of  diabetes, 
but  the  improbability  of  this  is  shown  by  the  fact  that  the  glycosuria — the  only 
symptom  calling  attention  to  the  kidney  at  all — is  only  a  natural  consequence 
of  the  hyperglycemia  for  which  the  kidney  cannot  possibly  be  responsible. 

The  pancreas  must  bear  a  very  important  relation  to  diabetes,  as  its  extir- 
pation is  so  invariably  followed  by  fatal  diabetes  in  the  lower  animals,  and  its 
diseased  condition  by  occasional  diabetes  in  man.  In  many  cases  however, 
no  macroscopic  lesion  of  this  viscus  is  found.  It  has  been  shown  experi- 
mentally, as  has  already  been  mentioned,  that  if  when  the  pancreas  is 
removed  a  fragment  of  its  tissue  be  implanted  beneath  the  skin  no  diabetes 
follows,  although  the  subsequent  excision  of  this  fragment  permits  its  de- 
velopment. This  suggests  that  the  pancreas  not  only  secretes  the  well- 
known  "juice"  that  it  pours  through  Wirsung's  duct  into  the  duodenum, 
but  that  it  has  also  an  internal  secretion  that  can  still  be  utilized,  although 
but  a  fragment  of  the  organ  remain  and  occupy  an  abnormal  position  in 
the  body.  The  nature  of  this  probable  secretion  is  unknown  to  us,  as  is 
also  the  seat  of  its  elaboration.  The  pancreas  contains  peculiar  demerits — 
the  islands  of  Langerhans — the  function  of  which  has  long  been  a  question, 
but  which  may  be  the  source  of  the  secretion.  Opie  has  lent  support  to  this 
view  by  showing  that  in  1 1  cases  of  diabetes,  studied  changes  were  present 
in  the  islands  of  Langerhans  in  nearly  all. 

Theory  of  Diabetes. — Many  theories  have  been  advanced  at  different 
times  to  explain  diabetes,  but  our  knowledge  of  the  disease  is  still  im- 
perfect.    It  must  depend  either  upon   an   increased   production   of  sugar 
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in  the  body  or  upon  a  diminished  consumption  of  sugars  taken  into  it. 
Those  who  hold  to  the  former  view  see  the  sugar  formed  from  the  glycogen 
of  the  liver  and  muscles,  and  later  from  proteids.  There  is  evidence  to 
show  that  sugar  can  be  made  from  proteids,  and  Cohnheim  was  so  persuaded 
that  it  was  the  rule  in  diabetes  that  he  wrote,  "  The  question  is  not  whether 
carbohydrates  or  albuminous  bodies  are  the  antecedents  of  the  glycogen ;  we 
can  at  most  discuss  the  possibility  that  besides  albumin,  other  glycogen  builders 
exist. ' '  The  theory  of  Claude  Bernard  that  the  liver  is  at  fault— the  vaso- 
hepatic  theory — can  surely  be  dismissed  after  the  evidence  already  cited  to 
show  that  shutting  the  liver  out  of  the  circulation  does  not  cause  diabetes ; 
that  experimental  diabetes  produced  by  the  picquer  is  not  associated  with 
recognizable  hepatic  changes ;  and  that  extirpation  of  the  pancreas  in 
animals  with  healthy  livers  does  produce  diabetes. 

The  oxidation  theory  of  Ebstein  and  Van  Noorden  explains  diabetes  by 
supposing  that  the  patient  fails  to  oxidize  sugars  in  his  tissues  and  transform, 
them  into  CO^  and  H,0.  It  is  true  that  the  CO,  production  in  diabetes  is 
lower  than  normal,  but  it  can  be  explained  on  the  ground  that  while  there 
is  a  failure  to  oxidize  sugars,  fats  and  proteids  are  oxidized  with  less  CO^. 
output  than  sugars  would  yield.  Thus  it  appears  not  that  oxidation  is 
defective,  but  that  the  oxidation  of  sugars  is  defective.  It  surely  does  not. 
explain  diabetes  to  show  that  in  diabetic  metabolism  sugars  are  not  oxidized. 

The  nervous  theory,  or  neurosecretory  theory,  has  a  rather  substantial  foun- 
dation in  the  experimental  evidence  accumulated.  The  picquer  of  Claude 
Bernard  with  its  succeeding  glycosuria,  the  operative  glycosuria,  the  occur- 
rence of  diabetes  after  shock,  nervous  strain,  and  injuries,  together  with  the 
fact  that  stimulation  of  the  peripheral  end  of  the  splanchnic  nerves  causes  gly- 
cosuria, all  show  that  nervous  impulses  control  the  sugar  metabolism  to  a  cer- 
tain extent,  though  other  circumstances  prevent  us  from  believing  that  the 
nerves  are  in  most  cases  directly  concerned  in  the  occurrence  of  diabetes. 

The  ferment  theory  was  first  suggested  by  Cohnheim,  who,  after  a  careful 
analysis  of  the  conditions  occurring  in  diabetes,  concluded  that  "  everything 
considered,  it  appears  to  me  much  more  probable  that  the  diabetic  consumes, 
less  sugar  owing  to  the  absence  of  a  ferment  which,  in  a  normal  condition, 
initiates  the  further  decomposition  of  sugar." 

This  theory,  advanced  nearly  a  quarter  of  a  century  ago,  meets  with, 
most  favor  at  the  present  time.  The  nature  of  the  ferment,  however,  is 
unknown.  It  may,  as  Cohnheim  suggests,  operate  by  glycolitic  action,  or 
it  may  act  in  the  opposite  manner  by  synthetizing  the  sugars  to  higher  and 
more  useful  compounds.  The  experiments  of  von  Mehring  and  Minkowski, 
who  have  shown  that  extirpation  of  the  pancreas  produces  diabetes  in  the 
lower ,  animals,  lead  us  to  infer  that  the  enzyme  is  formed  in  the  pancreas, 
and  the  number  of  cases  of  diabetes  with  associated  pancreatic  lesions  in  man 
partially  confirms  this.  Noting  that  a  fragment  of  the  pancreas  retained  in 
its  normal  position  or  transplanted  beneath  the  skin  prevents  the  occurrence 
of  diabetes,  we  can  surely  conclude  that  the  enzyme  is  an  internal  secretion 
of  the  pancreas,  having  nothing  to  do  with  the  digestive  secretion  of  the- 
organ.  Looking  for  the  origin  of  this  internal  secretion,  we  find  the  islands- 
of  Langerhans  scattered  throughout  the  organ  to  be  of  no  known  function,  to 
be  without  communication  with  the  ducts  of  the  organ,  to  be  epithelial  in 
structure  and  not  unlike  other  of  the  ductless  glands  in  certain  particulars, 
and  it  was  easy  for  Opie  to  draw  the  inference  that  this  internal  secretion  of 
the  ferment  that  has  to  do  with  the  transformation  and  utilization  of  sugars 
in  the  body  is  produced  in  these  islands  of  Langerhans  in  the  pancreas. 
Unfortunately,  however,  changes  have  not  been  found  in  these  structures  in 
all  cases  of  diabetes. 
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The  adrenal  bodies  seem  to  elaborate  an  internal  secretion  of  great 
importance,  as  its  loss  from  removal  or  destruction  of  the  glands  is  followed 
by  increasing  prostration,  collapse,  and  death  in  from  a  few  hours  to  three 
days.  When  the  destructive  disease  is  slow  in  operation,  as  in  tuberculosis 
and  carcinoma,  the  increasing  weakness  is  accompanied  by  a  disturbance  of 
the  dermal  pigmentation  by  which  the  skin  of  the  face,  hands,  arms,  and 
other  parts  of  the  body,  and  sometimes  of  the  whole  body,  becomes  bronzed 
either  uniformly  or  in  streaks  and  blotches.  This  symptom  of  Addison's 
disease  leads  us  to  infer  that  the  adrenal  bodies  have  charge  of  the  pigment 
regulation  of  the  body,  though  experiments,  especially  when  performed 
with  extracts  of  the  gland  substance,  show  a  more  conspicuous  effect  upon 
the  vascular  tone.  When  adrenal  extract  is  applied  locally  to  the  tissues  it 
causes  contraction  of  the  vessels  with  which  it  comes  in  contact,  and  when 
injected  into  the  circulation  increases  the  blood  pressure  by  causing  contrac- 
tion of  the  arterioles  through  its  direct  action  upon  their  muscular  tissue. 

The  sexual  glands  undoubtedly  exert  some  influence  upon  the  nutrition 
of  the  entire  organism.  Of  what  nature  it  is,  and  whether  or  not  it  can 
properly  be  looked  upon  as  an  internal  secretion,  we  are  yet  in  the  dark. 
The  evidence  shows,  however,  that  some  substance  is  present  or  formed  in 
those  glands  that  influences  growth,  health,  spirit,  and  vigor  while  present, 
and  occasions  change  of  disposition  and  alteration  of  structure  when  lost. 
As  examples  of  this  may  be  mentioned  the  unusual  development  that  takes 
place  in  unsexed  cattle,  the  heavy-set  bull,  with  his  short,  thick  neck  and 
powerful  short  horns,  contrasting  with  the  more  slender  lim.bs  and  neck,  fatter 
iaody,  narrower  head  and  shorter  horns  of  the  sexless  ox.  The  large  size 
and  corpulence  of  dogs  and  cats  after  early  castration  is  well  known.  The 
effeminate  eunuch  is  of  unusual  stature,  and  has  a  high-pitched  voice,  as 
contrasted  with  the  sexually  perfect  man.  In  women  whose  sexual  organs 
are  hypoplastic  a  masculine  development  often  occurs,  the  body  being  large 
and  muscular,  the  voice  powerful,  and  the  face  hirsute.  Women  whose 
sexual  organs  cease  to  exert  their  normal  influences  in  consequence  of  dis- 
ease or  operative  removal,  suffer  from  the  physiologic  changes  characteristic 
of  the  menopause,  succeeded  by  loss  of  sexual  desire,  development  of  self- 
assertiveness,  sometimes  to  the  degree  of  masculinity,  corpulence,  and  occa- 
sionally a  growth  of  hair  upon  the  lip. 

EXCRETION. 

Excretion  is  the  process  by  which  effete  material  is  eliminated  from  the 
body.  With  the  exception  of  such  insoluble  substances  as  may  be  contained 
in  the  food  or  otherwise  find  entrance  into  the  alimentary  apparaus,  every- 
thing of  which  the  body  consists  and  upon  which  it  subsists  reaches  it  in 
the  fluid  condition,  being  first  dissolved  by  the  digestive  juices  and  then 
absorbed  into  the  blood.  It  is  likewise  into  the  blood  that  the  products  of 
cellular  metabolism  are  poured,  and,  therefore,  from  the  blood  that  they 
must  be  removed.  The  excretions,  with  the  exception  of  the  carbon  dioxid 
that  escapes  from  the  lungs,  are  the  products  of  cellular  activity,  being 
formed  in  glands  specially  designed  for  the  purpose.  An  excretion  is  a 
waste  product.  It  is  something  eliminated  as  useless.  The  usefulness  and 
uselessness  are  the  criteria  for  differentiating  secretions  from  excretions. 
Sometimes  a  gland  may  perform  simultaneously  the  functions  of  secretion 
and  excretion.  Thus,  the  liver  is  supposed  to  furnish  in  the  bile  substances 
secreted  for  the  purpose  of  aiding  the  absorption  of  fats,  and  at  the  same 
time  substances  excreted  as  of  no  further  use— urea,  biliverdin,  etc. 

By  study  of  the  excretions  one  obtains  an  index  to  the  metabolic  proc- 
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esses,  as  the  quantity  of  waste  products  they  contain  depends  upon  the 
activity  of  combustion  in  the  body.  Under  normal  conditions  the  excre- 
tion corresponds  in  proper  proportion  to  the  food  consumption.  Under 
pathologic  conditions  it  may  be  greatly  in  excess,  indicating  that  in  addition 
to  the  food  consumed  the  tissues  of  the  body  are  being  oxidized ;  or  may  be 
diminished,  showing  that  waste  products  are  being  retained  to  the  detriment 
of  the  individual. 

The  study  of  the  excretions  necessitates  a  consideration  of  the  expired 
air,  the  urine,  the  sweat,  and  the  bile. 

Pulmonary  Excretion. — When  the  respiratory  movements  take  atmo- 
sphere containing  oxygen  into  the  lungs,  some  of  the  gas  is  retained  and 
combines  with  carbon  to  form  carbon  dioxid,  and  with  hydrogen  to  form 
water ;  so  that  the  expired  air  contains  a  diminished  quantity  of  oxygen  and 
an  increase  of  carbon  dioxid  that  escapes  into  it  from  the  blood.  The  gaseous 
interchange,  by  which  is  meant  the  proportion  of  the  absorbed  oxygen  to 

the  eliminated  carbon  dioxid  is  expressed — j_jtcr — ^^^ 

Volume  of  O  absorbed 
called  the  respiratory  quotient.  At  one  time  this  respiratory  quotient  was 
thought  to  be  fixed,  but  it  is  now  known  to  be  subject  to  marked  variations 
according  to  the  particular  diet  consumed,  according  to  the  amount  of  work 
the  individual  performs,  and  according  to  the  frequency  and  depth  of  his 
respirations.  The  respiratory  quotient  is  highest — that  is,  the  quantity  of  oxy- 
gen absorbed  is  least,  where  the  possibilities  of  numerous  combinations  are 
least.  Thus,  upon  a  carbohydrate  diet,  where  the  oxygen  has  to  combine 
with  carbon  only,  the  respiratory  quotient  is  i  ;  upon  a  diet  of  fats,  where 
the  oxygen  combines  with  carbon  to  form  carbon  dioxid,  and  with  hydro- 
gen to  form  water,  it  is  lower,  being  approximately  o.  7  ;  while  upon  a  diet  of 
proteids,  where  it  has  more  numerous  combining  opportunities,  it  is  lowest, 
it  may  go  as  low  as  0.65. 

The  study  of  carbon-dioxid  excretion  has  not  thrown  much  light 
upon  pathologic  processes,  and  is  a  matter  to  which,  in  consequence,  com- 
paratively little  attention  is  paid  by  clinicians.  Indeed,  as  man  lives  upon 
a  mixed  diet,  his  usual  respiratory  quotient  is  about  0.85,  and  variations 
from  this  in  disease -are  usually  toward  a  lower  point,  because  as  the  result 
of  disease  the  patient  usually  consumes  his  own  proteids.  In  cases  of  pro- 
longed fasting  with  consumption  of  the  body  proteids  after  the  fat  was 
exhausted,  the  respiratory  quotient  has  been  found  at  0.65. 

Urinary  Excretion. — The  urine,  the  excretion  of  the  kidneys,  removes 
from  the  body  the  greater  part  of  its  surplus  water,  numerous  mineral  sub- 
stances, such  as  sodium  chlorid,  phosphoric  acid,  sulphuric  acid,  ammonia, 
and  salts  of  potassium,  calcium,  and  magnesium.  Far  above  these  in  im- 
portance, however,  are  certain  organic  substances  whose  presence  depends 
not  upon  their  surplus  ingestion  in  the  food,  but  upon  metabolic  processes 
that  take  place  in  the  tissues.  Of  these  urea,  CON^H^,  is  the  most  impor- 
tant, uric  acid  CjH^NPj  next.  Kreatinin-  QH^NjO  rarely  becomes  im- 
portant. 

The  water  of  the  urine  escapes  by  transudation  through  the  capillary 
wa.lls  of  the  glomerules ;  the  solids  are  for  the  most  part  secreted  by  the 
epithelial  cells  of  the  uriniferous  tubules.  The  regulation  of  the  quantity 
of  watery  constituent  depends  upon  tiie  blood  pressure,  which  when  elevated, 
either  throughout  the  whole  arterial  system  or  locally  in  the  kidney,  increases 
the  transudate,  and  wJien  lowered  diminishes  it.  The  cells  of  the  glomerule, 
however,  are  of  importance,  and  their  selective  tendency  is  well  shown  in 
the  fact  that  only  certain  substances,  dissolved  in  the  blood,  are  permitted 
to  pass  through. 
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That  the  epithelium  is  the  essential  secreting  part  of  the  organ  is  not  only- 
suggested  by  its  quantity,  but  is  proved  by  experiment.  Heidenhain  found 
that  when  sodium  sulphoindigotate  was  injected  into  the  blood,  it  was  found 
to  have  colored  blue  only  the  cells  of  the  convoluted  tubules  of  the  kidney, 
proving  that  it  had  some  particular  affinity  for  those  cells.  Batrachians  have 
a  double  blood  supply  to  the  kidneys,  one  through  the  renal  arteries  supply- 
ing the  glomeruli,  the  other  through  the  renal-portal  vein  supplying  the 
convoluted  tubules.  Nussbaum  showed  that  when  certain  foreign  substances, 
such  as  peptones  and  sugars,  were  injected  into  the  circulation  of  the  frog, 
they  were  eliininated,  even  though  the  renal-portal  vein  was  ligated,  by  the 
glomeruli.  When  urea  was  injected  into  the  circulation,  it  was  eliminated 
from  the  renal-portal  blood,  even  though  the  renal  arteries  were  tied.  Kirk 
points  out  that  if  the  cortical  substance  of  the  kidney  containing  the  glom- 
eruli be  cut  away,  the  secretion  of  urea  continues  because  of  its  secretion 
by  the  epithelial  cells. 

The  daily  average  quantity  of  urine  secreted  by  a  healthy  adult  is  about 
1500  c.c.  The  liquid  is  clear  and  amber  colored,  devoid  of  sediment,  acid 
in  reaction,  and  has  a  specific  gravity  of  1020. 

I.  The  quantity  of  urine  may  be  increased  (^polyuria)  or  diminished  {olig- 
uria), or  suppressed  {anuria^.  The  quantity  of  urine  excreted  depends 
chiefly  upon  the  blood  pressure.  If  the  blood  pressure  is  high,  other  things 
being  equal,  the  quantity  of  urine  secreted  will  be  large.  Excessive  con- 
sumption of  fluids,  necessitating  removal  of  large  quantities  of  water,  causes 
polyuria.  The  relation  of  fluid  to  be  eliminated  to  quantity  of  urine  depends 
to  a  certain  extent  upon  the  activity  of  the  skin,  which,  in  its  turn,  is  actively 
affected  by  external  temperature,  etc.,  so  that  in  cold  weather,  the  skin 
being  inactive,  more  urine  is  excreted  than  in  hot  weather,  when  the  skin 
is  covered  with  perspiration. 

In  diabetes  there  is  marked  polyuria.  The  administration  of  certain 
drugs,  such  as  digitalis,  caflein,  spartein,  etc.,  produces  increased  excretion  of 
urine  {diuresis),  usually  by  increasing  the  blood  pressure,  though  sometimes 
by  acting  upon  the  secreting  parenchymatous  structure. 

II.  The  quantity  of  urine  may  be  reduced  in  a  variety  of  conditions,  of 
which  the  most  frequent  is  probably  fever.  Disease  of  the  kidney  from 
degenerative  and  sclerotic  changes  of  its  substance  leads  to  scanty  urine. 
When  the  quantity  of  urine  is  great  the  specific  giavity  is  usually  low,  the 
exception  to  this  being  in  diabetes,  where,  because  of  the  large  quantity 
of  sugar  the  urine  contains,  it  may  reach  the  high  mark  of  1040  in  spite 
of  its  great  quantity.  When  the  urine  is  scanty  the  specific  gravity  rises 
from  the  altered  relation  of  fluid  to  solids. 

III.  The  secreted  urine  may  be  retained  in  the  body  because  of  obstruc- 
tion of  the  urinary  passages  by  strictures,  calculi,  neoplasms,  ligatures,  etc. 
The  ultimate  outcome  of  such  cases  being  uremia,  preceded  by  structural 
changes  depending  upon  the  accumulation  of  fluid  in  the  pelvis  of  the  kid- 
neys, ureters,  bladder,  etc. 

IV.  The  secretion  of  icrine  may  be  checked  or  suppressed.  This  always 
depends  upon  disease  of  the  secreting  substance  of  the  organ,  and  is  the  most 
serious  of  all  urinary  troubles,  being  invariably  fatal  in  continued  cases. 
Death  in  these  cases  is  said  to  be  due  to  uremia. 

Uremia,  signifying  urea  in  the  blood,  is  a  term  used  by  clinicians  to  de- 
scribe certain  symptoms  supervening  upon  sudden  or  gradual  cessation  of 
urinary  excretion.  According  as  its  development  is  sudden  or  insidious,  it 
may  be  described  as  acute  or  chronic. 

Acute  uremia  is  characterized  by  the  rather  sudden  development  of  epilep- 
tiform convulsions,  unconsciousness,   vomiting,   headache,  and  blindness. 


EXCRETION.  83 

The  convulsive  seizure  may  be  the'  first  intimation  of  the  disease,  or  the 
patient  may  first  endure  a  period  of  headache,  vertigo,  and  sickness  at  the 
stomach.     Death  occurs  in  coma  with  frequent  convulsions. 

Chronic  uremia  usually  progresses  slowly,  with  headache,  vertigo,  drowsi- 
ness, and  diarrhea.  Sometimes  there  is  vomiting;  there  may  be  asthma. 
Sooner  or  later  coma  comes  on.  Sometimes  there  is  a  period  of  semi-coma, 
from  which  the  patient  can  be  aroused  and  for  a  time  is  intelligent,  but  soon 
lapses  again  into  stupor  and  unconsciousness.  Cheyne-Stokes  respiration  is 
common  in  this  coma  and  precedes  death. 

The  original  view  concerning  the  pathology  of  uremia  was  that  it  de- 
pended upon  the  presence  of  urea  in  the  blood.  Urea  is  formed  in  the  final 
metabolic  changes  of  protoplasm.  It  is  derived  in  very  small  part  from  the 
food,  almost  the  entire  amount  present  in  the  urine  being  the  result  of  met- 
abolism. It  is  chiefly  through  the  urea  that  the  body  rids  itself  of  the 
accumulating  effete  nitrogenous  materials.  It  is  not  yet  positively  deter- 
mined where  urea  is  formed,  but  it  is  probably  in  the  liver.  The  antecedents 
of  urea  are  probably  discharged  into  the  blood  from  all  of  the  active  met- 
abolic tissues,  thus,  in  the  striped  muscular  tissue,  one  of  the  antecedents  of 
urea,  known  as  kreatin,  is  formed  as  the  result  of  its  metabolism.  This  is  by 
a  simple  change  converted  into  kreatinin,  which  is  a  substance  excreted  by 
the  kidney.  There  is,  however,  much  kreatin  in  the  muscles,  but  very  little 
kreatinin  in  the  urine — no  more,  in  fact,  than  can  be  accounted  for  by  the 
consumed  food.  When  we  inquire  what  becomes  of  the  kreatin,  it  seems 
highly  probable  that  when  carried  to  the  liver  it  is  transformed  to  urea. 

The  average  quantity  of  urea  present  in  the  normal  urine  is  about  2 
per  cent. 

Being  so  important  an  excrementitious  substance,  it  was  early  inferred 
that  its  retention  in  the  body  would  cause  the  symptoms  of  uremia,  but  the 
experimental  evidence  of  this  is  still  lacking,  for  we  find  that  animals  can 
endure  the  injection  of  enormous  quantities  of  urea  into  the  circulation 
without  such  symptoms.  We  find,  however,  that  the  same  thing  is  true  of 
the  urine  itself,  which  can  be  endured  without  much  inconvenience.  The 
explanation  may  be,  however,  that  these  substances  are  endured  only  while 
on  the  way  to  rapid  elimination,  for  no  sooner  are  they  introduced  into  the 
blood,  than  they  are  eliminated  by  the  kidneys.  It  is  at  first  a  paradox  that 
an  animal  should  be  unable  to  endure  the  effect  of  the  accumulation  of  its 
own  excrementitious  products,  though  it  can  bear  the  injection  of  the  urine 
of  another  into  its  blood.  The  elimination  must  explain  this,  as  we  find 
that  when  an  animal's  kidneys  are  removed,  it  dies  in  two  or  three  days  from 
uremia ;  but  that  if,  after  the  kidneys  are  removed,  or  thrown  out  of  ser- 
vice by  ligation  of  the  renal  artery,  urine  previously  passed  by  itself  or  some 
other  animal  is  injected  into  it,  the  fatal  termination  is  greatly  hastened,  and 
that  a  large  quantity  may  cause  death  in  a  few  hours.  Uremia  develops  in 
all  cases  of  extirpation  of  both  kidneys,  ligation  of  the  renal  arteries,  and 
ligation  of  the  ureters. 

In  all  cases  of  uremia  the  urea  of  the  blood  is  increased.  In  animals 
whose  kidneys  have  been  thrown  out  of  service,  the  injection  of  urea  does 
not  produce  anything  like  the  result  produced  by  the  injection  of  the  urine 
itself  into  the  blood,  so  that  though  urea  may  be  one  of  the  uremia-pro- 
ducing substances,  it  does  not  seem  to  be  the  most  important  one. 

Frerichs  supposed  that  the  symptoms  of  uremia  depend  upon  the  pres- 
ence of  ammonium  carbonate  formed  out  of  urea  by  some  ferment  in  the 
blood.  It  has  since  been  shown,  however,  that  the  only  place  that  such  a 
transformation  can  take  place  is  in  the  intestine,  and  that  its  effects  are 
purely  local  and  not  provocative  of  uremia. 
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Experimental  work  upon  dogs  with  Eck's  fistulae  has  shown  that  in  the 
animals  whose  livers  are  put  out  of  use  by  the  communication  between  the 
portal  vein  and  vena  cava,  symptoms  of  uremic  poisoning  slowly  develop. 
If  about  the  tenth  day  they  are  given  a  meal  of  proteid  food,  an  attack  that 
is  quite  typically  uremic  comes  on  and  may  be  fatal.  The  urine  of  such 
dogs  contains  less  than  the  normal  quantity  of  urea,  though  the  kidneys  are 
normal  and  free  to  excrete  whatever  urea  is  in  the  blood.  The  inference  is 
that  the  blood  is  not  surcharged  with  urea.  The  urine  always  contains  an 
increase  of  uric  acid,  ammonia,  and  carbamic  acid,  the  excretion  usually 
taking  place  as  ammonium  carbamate.  It  is  known  to  chemists  that  amido 
acids,  such  as  carbamic  acid,  occur  by  hydration  of  proteid  substances  in  the 
body  and  can  be  further  changed  to  urea.  The  thought  suggested  by  this 
knowledge  is  that  the  liver  being  incapable  of  acting  upon  those  substances 
that  it  transforms  into  urea,  they,  and  chief  among  them  carbamic  acid, 
accumulate  in  the  blood,  poisoning  the  animal  and  ultimately  occasioning 
its  death. 

From  this  point  of  view  the  symptoms  of  uremia  depend  not  upon  the 
urea  itself,  but  upon  its  unconverted  antecedents,  and  especially  upon  ammo- 
nium carbamate. 

V.  The  removal  of  excrementitious  substances  by  the  urine  may  be  imper- 
fect. 

Under  this  caption  may  be  considered  certain  conditions  that  never 
develop  in  consequence  of  total  suppression  of  urine,  cannot  be  produced 
experimentally,  and  that  seem  to  be  the  result  of  continuous  slight  defects, 
of  metabolism  and  elimination,  not  of  sudden  serious  ones.  The  most 
important  condition  of  this  kind  is  gout. 

Qout  is  a  disease  depending  upon  errors  of  metabolism,  by  which,  either 
because  of  excessive  formation  or  diminished  elimination,  uric  acid  and  its 
compounds  are  deposited  in  the  tissues,  especially  in  the  articular  cartilages. 

The  ^relation  of  gout  to  uric  acid  is  certain,  though  by  no  means  clear. 
The  disease  is  essentially  characterized  by  more  or  less  extensive  depositions 
of  sodium  urate  in  the  affected  tissues.  The  usual  seat  of  election  for  this 
deposition  being  the  articular  cartilage  of  the  metacarpophalangeal  articu- 
lation of  the  great  toe.  It  is  supposed  that  this  joint  is  so  commonly  affected 
because  of  frequent  mild  traumatic  injuries  that  it  receives.  This  is,  however, 
not  certain,  though  it  has  been  observed  that  when  other  joints  have  been 
injured,  they  are  apt  to  be  the  seat  of  gouty  deposits. 

Sometimes  the  salts  are  deposited  in  the  cartilages  of  the  nose  and  ear, 
forming  circumscribed  enlargements  described  as  tophi.  Tophi  may  also 
occur  upon  the  palms  of  the  hands,  soles  of  the  feet,  the  eyelids,  the  scle- 
rotic coat  of  the  eye,  and  in  the  cerebral  and  spinal  meninges.  Gouty 
deposits  also  occur  in  the  fibroconnective  tissue  of  the  kidneys,  and  in  the 
medullary  portion,  where  they  appear  as  stripes  running  parallel  with  the 
tubules. 

In  the  tissues  the  gouty  deposits  usually  occasion  sufficient  local  irrita- 
tion to  predispose  to  connective-tissue  formation.  In  the  joints,  where  the 
quantity  of  the  salt  is  greater,  they  form  a  mortar-like  mass,  which,  when 
microscopically  examined,  proves  to  be  made  up  of  acicular  crystals  of  sodium 
urate.  There  is  nearly  always  some  superficial  necrosis  of  the  cartilage,  and 
some  writers  have  supposed  that  it  is  because  of  a  primary  necrosis  that 
the  crystals  of  the  salt  have  been  precipitated.  It  seems  more  reasonable, 
however,  to  conclude  that  the  necrosis  occurs  in  consequence  of  the  pressure 
of  the  irritating  crystals.  The  pain  so  characteristic  of  the  affection  is 
easily  explained  by  the  denudation  and  roughening  of  the  cartilages. 

The  result  of  the  gouty  deposit  is  that  the  joints  become  greatly  enlarged 
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and  deformed.  Excessive  uratic  deposits  may  work  their  way  through  the 
superficial  tissues  and  appear  as  chalky  masses  upon  the  surface.  The  irrita- 
tive action  of  the  salts  seems  further  proved  by  the  fact  that  gout  is  nearly 
always  associated  with  a  general  tendency  to  fibrosis,  and  nearly  always 
accompanied  by  arteriosclerosis,  fibroid  or  cirrhotic  kidney,  and  other  allied 
conditions. 

Gout  is  apt  to  be  a  family  disease,  showing  marked  heredity.  In  gouty 
families  some  individuals  suffer  from  the  typical  gout  of  the  great  toe  (^poda- 
gra), while  others  show  the  inherited  predisposition  in  lithemia,  calculus, 
neurasthenia,  arteriosclerosis,  chronic  interstitial  nephritis,  epilepsy,  and  a 
variety  of  other  affections  that  experience  refers  to  the  presence  of  some  irri- 
tating substance,  presumably  the  compounds  of  uric  acid  in  the  blood.  To 
these  conditions  the  terms  lithemia  and  uratemia  have  been  applied. 

Gout  usually  makes  its  appearance  after  middle  life,  and  is  usually  a 
disease  of  the  affluent.  High  living,  plenty  of  wine,  and  lack  of  exercise 
greatly  predispose  it.  Because  of  their  excesses  men  seem  to  suffer  more 
frequently  than  women. 

It  is  a  paroxysmal  affection,  characterized  by  outbursts  of  violent  head- 
ache, depression,  anorexia,  fever,  and  irritability,  during  which  the  patient's 
intelligence  seems  to  be  clouded,  followed  after  some  days  by  a  sudden  ex- 
cessive exacerbation  of  the  local  lesions  of  the  affected  joints  and  immediate 
improvement  of  the  constitutional  symptoms. 

The  explanation  is  that  while  the  salts  are  gathering  in  increasing  quanti- 
ties in  the  blood,  the  patient  suffers  from  systemic  poisoning,  with  all  its 
nervous  and  constitutional  phenomena,  until  certain  unknown  causes  are 
called  into  operation  and  the  poisonous  salts  are  precipitated  in  the  joints, 
relieving  the  blood  of  its  poisonous  contents  and  bringing  about  immediate 
improvement. 

The  physiologic  chemistry  of  gout  is  far  from  clear.  The  disease  must 
depend  upon  uric  acid  accumulation,  because  salts  of  uric  acid  form  the 
gouty  deposits,  because  there  is  a  maximum  of  uric  acid  in  the  blood  just 
before  the  occurrence  of  the  gouty  paroxysms,  and  because  irregularities  of 
uric  acid  excretion  correspond  with  the  paroxysms.  The  excretion  of  the 
uric  acid  .is  often  continuously  above  the  normal,  so  that  we  cannot  but 
conclude  that  the  disease  depends  upon  increased  production  of  uric  acid 
rather  than  upon  its  retarded  elimination. 

The  origin  of  the  uric  acid  is  obscure,  but  it  is  supposed  that,  like  the 
other  members  of  the  alloxuric  bodies,  it  results  in  part  from  the  transforma- 
tion of  nuclein  taken  with  the  food,  and  in  part  from  the  metabolic  processes 
of  the  body  itself  Some  think  that  proteid  metabolism  predisposes  to  it, 
because  gout  is  common  in  those  who  take  an  excessive  quantity  of  proteid 
food,  and  because  of  the  chemical  similarity  of  uric  acid  and  urea.  Others 
think  it  possible  that  sugars  may  have  something  to  do  with  it,  because 
in  diabetes  proteid  destruction  is  accelerated  by  indulgence  in  carbo- 
hydrate foods. 

As  Lazarus- Barlow  says,  "  The  pathology  of  gout  is  bound  up  with  ques- 
tions as  to  the  chemical  combinations  which  uric  acid  can  form  in  the  body 
and  the  solubilities  of  these  combinations." 

Sir  William  Roberts,  in  discussing  the  relation  of  uric  acid  to  gout, 
gives  the  following  facts  regarding  its  chemistry  :  Outside  of  the  body  uric 
acid  can  form  with  each  of  the  alkalies  a  urate,  a  biurate,  and  a  quadriurate. 
A  urate  can  only  be  formed  by  the  interaction  of  uric  acid  with  sodium 
hydrate,  potassium  hydrate,  ammonium  hydrate,  etc.,  and  since  these  sub- 
stances do  not  exist  in  the  body,  normal  urates  cannot  enter  into  the  ques- 
tion of  gout.     Nevertheless,  it  is  usually  said  that  the  material  in  gouty 
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joints  is  "sodium  urate";  the  deposit  in  uratic  urine  is  a  mixture  of 
"sodium,  potassium,  and  ammonium  urates."  The  only  salts  with  which 
we  are  concerned  are  the  biurates  and  quadriurates.  In  the  blood  and  in 
normal  urine,  uric  acid  only  exists,  in  the  form  of  a  quadriurate,  a  substance 
that  is  already  sparingly  soluble  (i  in  500  of  serum),  that  in  an  alkaline 
medium  takes  up  another  atom  of  base  and  passes  into  biurate,  which  is 
almost  insoluble  (i  in  10,000  of  serum).  The  mortar-like  substance  in 
gouty  joints  is  sodium  biurate.  Conditions,  therefore,  that  affect  the  solu- 
bility of  sodium  biurate  and  its  formation  from  the  quadriurate  are  of  great 
importance  in  considering  the  pathology  of  gout. 

Though  sodium  biurate  is  only  soluble  to  the  extent  of  i  part  in  10,000 
of  serum,  in  pure  water  at  37°  C.  its  solubility  is  about  ten  times  as  great. 
This  difference  in  solubility  apparently  depends  upon  the  presence  of  sodium 
salts  in  serum,  for  the  solubility  of  the  salt  in  water  diminishes  in  propor- 
tion to  the  amount  of  sodium  chlorid  or  bicarbonate  in  solution,  so  that, 
for  example,  in  a  0.7  per  cent,  watery  solution  of  sodium  chlorid,  sodium 
biurate  is  almost  insoluble.  Moreover,  if  the  salt  be  removed  from  serum 
by  dialysis,  it  dissolves  as  much  biurate  as  does  pure  water.  Hence,  in  the 
body  deposition  of  sodium  biurate  will  be  more  liable  to  take  place  accord- 
ing as  the  solution  in  which  it  finds  itself  contains  more  sodium  salts. 

But  sodium  biurate  exists  in  two  forms,  a  crystalline  and  anhydrous 
form  (to  which  alone  reference  has  hitherto  been  made),  and  a  gelatinous 
and  hydrated  form  that  is  very  unstable  and  readily  passes  into  the  anhy- 
drous crystalline  form,  but  which  is  far  more  soluble  in  serum.  In  its  pas- 
sage to  the  crystalline  biurate,  sodiuiii  quE^driurate  passes  through  the  hydrated 
variety  of  biurate,  and  the  readiness  with  which  this  series  of  changes  is 
carried  out  depends  chiefly  upon  the  amount  of  quadriurate  present,  and 
the  presence  or  absence  of  sodium  salts.  The  series  of  changes  was  found 
to  take  place  more  rapidly  the  higher  the  proportion  of  uric  acid  {i.  e., 
quadriurate")  in  solution.  Thus,  in  Roberts's  experiments,  when  uric  acid 
was  present  in  solution  to  the  extent  of  i  in  3000,  precipitation  of  the 
biurate  commenced  on  the  third  day ;  when  present  to  the  extent  of  i  in 
2000,  precipitation  commenced  in  thirty-three  hours ;  when  present  to  the 
exteiit  of  I  in  1000,  precipitation  commenced  in  six  hours.  Similar  experi- 
ments showed  that  the  readiness  with  which  crystalline  biurate  is  precipi- 
tated from  solutions  originally  containing  quadriurate  alone  is  hastened  by 
the  addition  of  sodium  salts  to  the  solvent,  but  is  retarded  by  addition  of 
potassium  salts.  At  the  temperature  of  the  body,  too,  deposition  of  crystals 
occurs  earlier  than  at  the  temperature  of  the  room.  As  the  result  of  all  his 
experiments,  Roberts  concludes  that  an  attack  of  arthritic  gout  can  only  take 
place  when  the  synovia  is  impregnated  with  uric  acid  to  the  extent  of  about 
I  in  2500.  These  facts  indicate  that  an  attack  of  gout  occurs  because  the 
synovia  and  lymph  are  charged  with  quadriurate  under  conditions  that  lead 
to  the  precipitation  of  the  crystalline  biurate ;  the  most  important  of  these 
conditions  being  apparently  high  percentages  of  uric  acid  and  of  sodium 
salts  in  solution. 

Oxaluria  and  Phosphaturia. — Among  the  chemical  constituents  of  the 
urine  whose  excess  or  diminution  is  supposed  to  be  indicative  of  erro- 
neous metabolism,  oxalic  and  phosphoric  acids  are  to  be  regarded  as 
important. 

Oxalic  acid  occurs  in  normal  urine,  the  total  quantity  excreted  in  twenty- 
four  hours  being  about  20  milligrams.  Its  most  usual  combination  is  with 
lime,  to  form  calcium  oxalate.  The  presence  and  the  number  of  the  octahe- 
dral colorless  crystals  of  this  salt  are  usually  taken  as  an  indication  of  the 
quantity  of  the  acid  present,  though  such  estimation  is  subject  to  marked 
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error,  because  the  precipitation  of  the  salt  in  crystalline  form  depends  upon 
a  variety  of  conditions,  the  most  important  of  which  is  the  quantity  of  cal- 
cium in  the  urine.  Of  what  significance  oxalic  acid  may  be  is  much  dis- 
puted. Some  hold  that  its  presence  depends  solely  upon  its  ingestion  with 
vegetable  foods,  and  that  it  has  nothing  whatever  to  do  with  metabolism, 
while  others  think  it  may  be  chemically  derived  from  uric  acid.  The  weight 
of  opinion  favors  the  view  of  accidental  consumption  in  vegetable  foods. 
An  opinion  that  it  depends  upon  deficient  oxidation  of  carbohydrates  is 
supported  by  the  fact  that  the  elimination  of  oxalic  acid  is  increased  in 
diabetes.  The  fact  that  marked  increase  of  uric  acid  is  usually  associated 
with  increase  in  the  number  of  crystals  of  oxalate  of  calcium  favors  the  rela- 
tionship of  the  two  substances.  However,  uric  acid  in  excess  usually  occurs 
in  markedly  acid  urine  in  which  there  is  considerable  disodic  phosphate, 
which,  by  lessening  the  solvent  power  of  the  urine  for  the  oxalates,  makes 
them  appear  increased  in  quantity. 

Some  authors  think  the  presence  of  oxalic  acid  in  increased  quantity  is 
indicative  of  neurasthenia  and  other  neuroses,  but  there  is  little  evidence  in 
favor  of  such  a  view. 

The  chief  importance  of  oxalic  acid  attaches  to  the  occasional  formation 
of  calculi  {q.  v.,  calculi)  when  the  urine  is  acid. 

Phosphoric  acid  combined  to  form  phosphates  of  magnesium,  ammonium, 
and  sodium  is  normally  present  in  the  urine,  the  total  daily  excretion 
amounting  to  3.5  to  4  gm.  When  the  urine  is  alkaline  the  salts  precipitate, 
the  most  common  crystalline  form  being  the  triple  or  ammoniomagnesic 
phosphate.  The  discovery  of  the  precipitated  crystals  in  the  urine  may  not 
signify  any  marked  increase  in  the  total  phosphoric  acid,  but  simply  an 
unusual  precipitation  and  sedimentation.  It  is  suggested  by  Stengel  that 
the  proper  method  of  estimating  and  expressing  phosphaturia  would  be  by 
computing  it  in  proportion  to  the  nitrogen  compounds,  the  normal  ratio 
being  17  to  20  parts  of  phosphoric  acid  per  100  parts  of  nitrogen.  When 
so  computed  it  can  be  determined  that  real  phosphaturia  occurs,  and  that  it 
is  not  dependent  upon  the  diet,  but  upon  errors  of  metabolism.  Among 
the  diseased  conditions  in  which  phosphaturia  is  marked  may  be  mentioned 
diabetes  mellitus,  tuberculosis,  and  various  bone  diseases. 

The  occurrence  of  large  phosphatic  sediments  in  the  urine  is  neither  of 
clinical  importance  nor  any  real  indication  that  the  quantity  of  phosphoric 
acid  excretion  is  increased. 

Phosphatic  salts  frequently  lead  to  calculus  formation  in  the  bladder  and 
occasionally  in  the  kidney.  It  occurs  only  when  the  urine  is  alkaline,  as 
acidity  keeps  the  salts  in  solution. 

Perspiration  is  a  means  by  which  we  rid  our  bodies  of  a  considerable 
quantity  of  surplus  water  and  of  a  certain  proportion  of  solid  excrementitious 
substances.  By  evaporation  of  the  perspired  water  the  temperature  of  the 
body  is  reduced. 

Perspiration  goes  on  all  the  time  in  a  form  known  as  insensible  perspira- 
tion. At  certain  times  and  for  certain  reasons  it  increases  in  quantity,  so  as 
to  become  sensible  perspiration.  The  average  daily  quantity  for  an  adult 
human  being  in  good  health  is  700  to  900  gm.  This  quantity  is  not 
to  be  looked  upon  as  fixed,  however,  as  when  the  external  temperature 
is  high,  when  much  work  is  done  and  the  temperature  of  the  body  ele- 
vated, when  much  fluid  has  been  drunk,  and  when  drugs  of  diaphoretic 
action  have  been  taken,  the  quantity  may  greatly  increase  without  becoming 
abnormal. 

The  chemical  composition  of  the  sweat  is  given  in  round  numbers  by 
Kirk  as : 
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Water ,    .  ...  98.88  per  cent. 

Solids ...  ....           ....  .    1. 12  " 

Salts         .                      ...  .  .                   0.57        " 

NaCl .        .  .    .  0.22-0.33  ' 

Other  salts  ....           ,  ....  .    .           .    0.18  " 

Fats  ...                            .    .  ....  0.41  " 

Epithelium                   .    .        .    .  ....  0.17 

Urea     ...                    .        .  .        .  .    0.08  " 

It  will  be  observed  that  the  constituents  of  the  sweat  are  about  the  same 
as  those  of  the  urine,  but  that  their  proportions  vary  greatly.  The  fat  and 
epithelium  are  derived  from  the  skin  and  from  its  sebum. 

I.  The  perspiration  may  be  diminished  (anhidrosis).  In  fever  and  after 
the  administration  of  certain  drugs  (aconite  and  morphia)  the  insensible  per- 
spiration becomes  considerably  reduced  as  a  part  of  general  glandular  inac- 
tivity, so  that  the  skin  becomes  hot  and  burning  to  the  touch.  When  the 
perspiration  is  diminished  or  checked,  as  by  varnishing  the  skin,  human 
beings  suffer  no  inconvenience  if  the  kidneys  are  normal.  The  lower 
animals  fall  into  a  cachectic  condition  if  varnished,  but  this  probably  depends 
upon  loss  of  heat  regulation  rather  than  upon  loss  of  sweat. 

II.  The  perspiration  may  be  increased  (hyperhidrosis)  by  the  consump- 
tion of  large  quantities  of  fluid,  by  elevation  of  the  surrounding  temperature, 
and  by  the  administration  of  such  drugs  as  pilocarpin,  calabar  bean,  strych- 
nin, picrotoxin,  muscarin,  nicotin,  camphor,  and  ammonia. 

Nervous  influences,  such  as  shock,  emotion,  stimulation  of  the  sympa- 
thetic nerves,  etc.,  increase  it.  The  elimination  of  micro-organismal  poisons 
may  take  place  partly  by  the  sweat,  so  that  the  crisis  of  fevers  is  nearly 
always  accompanied  by  profuse  sweating. 

Hyperhidrosis  may  occur  from  excessive  weakness  and  collapse.  The 
night  sweats  of  phthisis  probably  depend  upon  the  former  condition. 

III.  The  perspiration  may  be  peculiar  in  quality,  as  in  chromidrosis,  a 
rare  condition  in  which  the  sweat  is  dark  colored,  being  sometimes  bluish, 
blackish,  reddish,  greenish,  or  yellowish.  This  affection  is  said  to  occur 
most  frequently  in  hysteric  girls,  and  usually  affects  the  face.  It  is  associated 
with  chronic  constipation,  and  depends  upon  the  elimination  of  indican  in 
the  perspiration. 

Hematidrosis,  or  red  sweat,  also  sometimes  occurs  from  the  entrance  of 
blood  into  the  sweat  glands,  or  from  the  growth  of  colcjred  bacteria  in  the 
secretion.  Bromidrosis  or  osmidrosis  usually  follows  local  excessive  sweat- 
ing, particularly  of  the  feet.  It  is  characterized  by  a  disgusting  odor  that 
results  from  the  presence  of  specific  bacteria  in  the  secretion. 

Irregular  distribution  of  the  perspiratory  function,  by  which  certain  areas 
of  the  skin  secrete  actively  while  others  reamin  dry,  usually  depends  upon 
irregularities  of  the  sympathetic  innervation. 

.  Sympathetic  Relationship  Existing  between  the  Perspiration  and  Urinary 
Secretion. — There  is  a  distinct  co-ordinated  and  sympathetic  action  between 
the  secretions  of  the  kidneys  and  the  skin.  This  is  well  shown  by  the 
physiologic  balance  maintained  under  natural  conditions.  When  the  skin 
is  active  the  kidneys  secrete  less ;  when  the  kidneys  are  active  the  skin 
is  dry.  The  two  functions  are,  however,  not  interchangeable,  as  the  0.04 
per  cent,  of  urea  in  the  sweat  can  never  compensate  for  the  loss  of  the  2  per 
cent,  excreted  in  the  urine  by  the  kidneys. 

Bile. — The  bile  is  a  combined  secretion  and  excretion  of  which  the 
liver  produces  from  500  to  1000  c.c.  daily.  It  leaves  the  liver  in  the 
form  of  a  thin,  watery,  golden-red  fluid,  and  is  poured  into  the  duodenum. 
The  bile  that  collects  by  regurgitation  in  the  gall-bladder  is  changed  in 
quality  and  becomes  much  thicker,  probably  from  loss  of  water  by  absorp- 
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tion,  and  contains  mucus  derived  from  the  epithelium  of  the  lining  mem- 
brane. 

The  function  of  the  bile  is  not  thoroughly  understood.  Its  retention  is 
highly  prejudicial  to  health,  bringing  about  the  condition  known  as  icterus 
or  jaundice.  Its  loss  through  fistulse  interferes  with  the  digestion  of  fats 
and  leads  to  constipation,  though  health  is  not  seriously  impaired. 

The  secretion  of  bile  goes  on  continuously,  but  is  subject  to  fluctuations 
depending  upon  the  influence  of  food.  As  soon  as  chyme  passes  from  the 
stomach  into  the  duodenum  the  secretion  of  bile  is  at  once  greatly  aug- 
mented, as  if  for  some  function  subserved  in  connection  with  digestion. 
As  the  food  passes  on,  it  gradually  declines  until  the  absorption  of  food 
becomes  active  and  the  portal  blood  ascending  to  the  liver  becomes  rich 
in  the  products  of  digestion,  when  it  shows  a  second  marked  increase. 

The  bile  is  alkaline  in  reaction,  and  mixing  with  the  acid  chyme  changes 
its  reaction  to  alkaline,  so  that  the  pancreatic  enzymes  are  able  to  operate. 
The  composition  of  bile  leads  us  to  believe,  however,  that  it  has  more  useful 
purposes  to  perform  than  simple  alkalinizing  of  the  intestinal  contents.  It 
contains  no  enzymes  of  its  own  that  have  thus  far  been  isolated,  and  seems 
devoid  of  any  digestive  action.  Its  composition  is,  according  to  Ham- 
marsten  : 


Bile  salts 

Cholesterin,  lecithin,  and  fat . 
Mucinoid  material ) 
Pigment,                   J      *    ' 
Inorganic  salts  .            .... 
Water     ,  


9.14 
1. 18 

2.98 


0,78 
85.92 


Water  

Mucin  and  pigments  . 
Bile  salts     .    . 
Taurocholate        .    .    . 
Glycocholate     .    .    . 
Fatty  acid  from  soaps 
Cholesterin    .       .    . 
Lecithin     1 
Fat  I    .    .    .    . 

Soluble  salts  .... 
Insoluble  salts 


I. 
,  97.48 
0.529 
0.931 

0-3034 
0.6276 
■    0.123 
,    0.063 


0.8070 
0.025 


II. 

97.160 

o.gio 

0.814 

0.053 
0.761 
0.024 
0.096 

0.128 

0.8051 
0.0411 


The  bile  salts  consist  of  the  glycocholate  and  taurocholate  of  sodium,  and 
salts  of  amido-acids,  the  latter  containing  sulphur.  The  importance  of  these 
salts,  or  rather  of  the  acids  of  which  they  are  formed,  is  not  known.  They 
do  not  exist  elsewhere  in  the  body,  hence  must  be  metaboUic  products  of  the 
liver  cells.  They  are  not  excrementitious  matter,  as  they  do  not  appear  in 
the  feces.  The  salts  are  decomposed  in  the  intestine  into  cholalic  acid,  tau- 
rin,  and  glycocin,  small  quantities  of  which  appear  in  the  feces ;  but  it  is 
estimated  that  seven-eighths  of  these  substances  are  reabsorbed  from  the 
intestine,  taken  to  the  liver  in  the  portal  blood,  and  there  resynthetized  into 
bile  salts  again.  When  present  in  the  blood  the  bile  salts  are  poisonous  and 
cause  a  marked  bradycardia.  They  are  readily  absorbed  in  cases  of  liga- 
ture or  calculous  obstruction  of  the  biliary  ducts  ;  but  in  cases  of  removal  of 
the  liver  they  are  absent,  evidently  because  they  are  not  formed  elsewhere 
than  in  that  viscus.  The  synthesis  of  these  salts  in  the  liver  cells,  their 
analysis  in  the  intestine,  and  their  absorption  from  the  latter  to  be  taken 
back  to  the  liver  again,  constitute  what  Schiff  has  described  as  the  "bile 
circulation,"  and  confirms  the  view  that  the  salts  and  acids  are  important. 
It  is  discovered  that  when  bile  salts  are  experimentally  introduced  into  the 
body  the  secretion  of  bile  is  increased,  and  it  has  been  suggested  that  the 
use  of  the  acids  is  to  exert  a  regulating  effect  upon  the  liver  function.  The 
liver  is  so  amply  provided  with  nervous  regulating  mechanism,  that  this  can 
scarcely  be  the  sole  office  or  even  an  important  office  of  the  acids. 

The  bile  pigments  (bilirubin  and  biliverdin)  are  derived  from  the  blood. 
It  is  supposed  that  the  hemoglobin  liberated  in  the  course  of  natural  hemolysis 
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is  carried  to  the  liver  and  there  transformed  to  bilirubin  and  discharged  into 
the  bile  as  a  waste  product.  In  this  process  of  transformation  the  iron  is 
retained  in  the  liver,  to  be  used  over  again  in  the  synthesis  of  new  hemo- 
globin in  the  hematopoietic  organs.  Bilirubin  readily  takes  up  oxygen  and 
is  so  transformed  to  biliverdin,  a  green  pigment  common  in  the  bile  of  her- 
bivorous animals.  Bilirubin  is  golden  in  color  and  occurs  in  carnivorous 
animals.  Neither  bilirubin  nor  biliverdin  occurs  in  the  feces,  as  before  reach- 
ing the  rectum  they  undergo  reduction  to  hydrobilirubin,  or  stercobilin  the 
pigment  of  the  feces.  Probably  considerable  of  the  biliary  pigments  are 
reabsorbed  from  the  intestine  with  the  portal  blood,  to  return  in  part  to 
the  liver  for  reelimination  and  in  part  to  be  excreted  by  the  kidneys  as 
urobilin,  the  coloring-matter  of  the  urine. 

Cholesterin  occurs  in  the  body  in  limited  quantities  in  the  nervous 
tissues.  Although  in  some  particulars  bearing  suggestive  resemblances  to 
fats,  and  for  many  years  attributed  to  erroneous  treatment  of  fats,  by 
which  its  excessive  occurrence  was  supposed  to  be  amply  explained,  choles- 
terin is  an  alcohol,  the  source  of  which  has  not  been  determined.  It  is  now 
believed  to  be  derived  from  the  nervous  tissues  and  is  commonly  regarded 
as  an  excretion.  Its  small  amount  in  liver  bile  is  in  marked  contrast  to  the 
large  quantity  in  the  gall-bladder  bile,  and  has  led  to  the  opinion  that  in 
the  latter  situation  it  is  manufactured  by  the  epithelial  cells  of  the  bladder 
wall. 

Its  chief  pathologic  interest  is  in  the  fact  that  when  certain  abnormal 
conditions  arise,  its  precipitation  from  the  bile  is  apt  to  be  succeeded  by  the 
formation  of  calculi.     (See  Gall-stones.) 

Lecithin  is  also  a  constituent  of  the  bile,  though  present  in  small  quanti- 
ties only.     It  is  supposed  to  be  a  waste  product  of  the  nervous  system. 

Nucleo^albumin. — The  viscidity  of  bile  depends  entirely  upon  the  pres- 
ence of  nucleo-albumin,  not  as  was  formerly  thought,  upon  mucin.  This 
substance  is  formed  in  the  ducts.     Traces  of  mucin  occur  in  the  bile. 

So  far  as  we  are  able  at  present  to  determine,  therefore,  the  large  quan- 
tity of  bile  poured  every  day  into  the  intestine  carries  with  it  a  very  small 
quantity  of  cholesterin  and  lecithin  that  are  discharged  from  the  body  as 
final  waste  products,  certain  salts  that  are  decomposed,  the  acids  being  reab- 
sorbed for  further  use,  and  certain  pigments  that  are  transformed  to  be  reab- 
sorbed in  part  and  in  part  (hydrobilinabin)  eliminated.  Its  alkaline  reaction 
facilitates  pancreatic  digestion,  and  its  combinations  with  fatty  acids  have 
something  to  do  with  the  emulsification  and  absorption  of  fats. 

The  liver  does  more  than  secrete  bile,  but  the  products  of  its  other  activi- 
ties (urea  and  glycogen)  leave  it  in  the  blood,  not  in  the  bile.  The  bile 
contains  no  appreciable  quantities  of  urea,  and  though  formed,  in  all  proba- 
bility, in  the  liver,  the  urea  is  excreted  by  the  kidneys. 

Jaundice  or  icterus  is  a  yellow  or  greenish  discoloration  of  the  skin  and 
certain  of  the  tissues  caused  by  the  presence  of  bile  in  the  blood.  When 
caused  by  complete  obstruction  of  the  biliary  ducts  the  condition  is  accom- 
panied by  changes  in  intestinal  digestion  resulting  from  the  lack  of  bile  in 
that  viscus,  and  changes  in  other  organs  to  which  the  bile  absorbed  has  been 
carried  by  the  blood. 

Jaundice  was  formerly  divided  into  obstructive  and  non-obstructive  forms. 
The  explanation  of  obstructive  jaundice  is  evident  in  cases  of  catarrhal  in- 
flammation of  the  ducts  with  swelling  of  the  mucous  membrane,  obstruction 
by  lodged  calculi,  and  the  growth  of  neoplasms.  The  non-obstructive  forms 
were  supposed  to  depend  upon  non-elimination  of  bile  pigments  preformed 
in  the  blood  by  the  liver. 

More  recent  writers  have  been  accustomed  to  speak  of  hepatogenous  and 
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hematogenous  jaundice,  the  former  depending  upon  the  absorption  of  formed 
bile  from  the  liver  or  biliary  ducts  into  the  blood,  either  because  the  ducts 
were  obstructed  or  the  bile  formed  in  excess.  The  hematogenous  form, 
correspondmg  to  the  jaundice  of  non-elimination,  occurs  in  conditions  in 
which  no  microscopic  obstructive  lesion  occurs  to  explain  it.  It  is  found  in 
various  infections  and  intoxications,  among  which  may  be  mentioned  acute 
yellow  atrophy  of  the  liver,  yellow  fever,  malarial  fevers,  pyemia,  scarlatina, 
typhus,  and  other  infectious  diseases,  and  in  phosphorus,  arseniuretted  hydro- 
gen, toluylendiamin,  venom,  and  other  poisonings,  and  occasionally  as  the 
result  of  severe  emotions  and  injury  (concussion)  of  the  brain. 

As  in  all  of  the  conditions  named,  as  well  as  in  newborn  infants,  in  whom 
jaundice  {icterus  neonatorum)  is  very  common,  active  destruction  of  ery- 
throcytes is  in  progress,  it  is  logical  to  suppose  that  it  depends  upon  the 
hemolysis.  The  liberated  blood  pigment  is  transformed  into  bile  pig- 
ment and  stains  the  tissues.  It  was  formerly  supposed  that  the  trans- 
formation of  hemoglobin  to  bile  pigment  occurred  in  the  blood,  but  there 
can  be  no  doubt  that  this  is  an  error,  as  Minkowski  and  Naunyn  have  shown 
that  when  the  liver  is  removed  from  geese  and  ducks,  poisoning  by  arseni- 
uretted hydrogen  fails  to  occasion  jaundice.  In  these  cases,  though  hemo- 
globin is  always  present  in  the  urine,  bilirubin  is  always  absent.  The  liver, 
therefore,  is  responsible  for  all  forms  of  jaundice,  and  it  is  not  improbable 
that  all  forms  are  not  only  hepatogenous,  but  that  all  forms  are  obstructive, 
for  Afanassiew  found  that  the  destruction  of  blood  corpuscles,  leading  to  an 
excessive  formation  of  bile  pigments,  occasions  an  abnormal  viscosity  of  the 
bile  that  hinders  its  ready  escape  from  the  liver ;  and  W.  Hunter  found  that 
the  concentration  of  the  bile  was  associated  with  an  extensive  catarrh  of  the 
bile  ducts  in  cases  of  jaundice  resulting  from  the  subcutaneous  injection  of 
toluylendiamin. 

One  important  chemical  difference  existing  between  obstructive  and  non- 
obstructive and  hepatogenous  and  hematogenous  jaundice,  so-called,  is  that  in 
the  former  bradycardia  is  present,  while  in  the  latter  it  is  absent.  Physiologic 
experiments  have,  however,  failed  to  explain  why  this  symptom  should  be 
present  in  the  one  form  and  not  in  the  other,  for  the  bile  salts  that  are  respon- 
sible for  the  symptom  must  be  present  in  the  blood  in  both  forms,  and  can, 
in  fact,  be  discovered  in  the  urine  in  both,  though  it  has  usually  been  stated 
that  they  are  present  in  the  urine  only  in  obstructive  jaundice. 

The  difference,  therefore,  is  probably  largely  a  quantitative  one,  by  which 
in  obstructive  jaundice  from  calculi  or  neoplasms  considerable  quantities  of 
the  bile  salts  are  absorbed,  as  compared  with  the  cases  without  much  obstruc- 
tion. 

The  bile  is  absorbed  by  the  lymphatics  and  thrown  into  the  circulation 
after  their  circuitous  course,  or  at  once  enters  the  capillary  blood  vessels  of 
the  liver  from  the  overdistended  and  rupturing  bile  capillaries. 

I.  Results  of  Absorption  of  Bile. — The  absorbed  bile  stains  the  majority 
of  the  tissues  with  which  it  comes  in  contact.  The  skin  at  first  has  a  yellow- 
ish tinge,  but  in  cases  of  protracted  duration  the  oxidation  of  the  pigment 
causes  it  to  become  greenish  yellow,  olive,  or  grayish  green.  The  con- 
junctiva, because  of  its  whiteness,  is  sometimes  the  first  tissue  to  show  the 
color.  The  subcutaneous  fat,  the  serous  membranes  and  their  contained 
fluids,  the  vitreous  humor  of  the  eye,  the  lungs,  and  the  kidneys  also  show  the 
color,  and  the  mucous  membranes  are  also  tinged.  Of  the  excretions,  the 
urine  shows  it  first,  then  the  sweat.  Purulent  discharges  are  also  colored. 
The  tissue  of  the  nervous  system  is,  however,  normal  in  color,  and  the  saliva, 
tears,  and  the  gastric  and  pancreatic  juices  may  be  free  of  it.  The  liver  is 
not  always  discolored  in  jaundice. 
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The  absorbed  bile  not  infrequently  causes  irritation  of  the  peripheral 
nerve-endings,  with  the  result  that  there  is  intense  itching  of  the  skin. 
The  vitreous  humor  being  stained,  the  patient,  of  course,  "sees  yellow" 
{xanthopsia). 

Not  infrequently  in  acute  jaundice  the  pulse  is  found  reduced  in  fre- 
quency {bradycardia')  and  may  fall  to  50  beats  per  minute,  and  in  severe 
cases  even  to  20  beats  per  minute. 

Fever,  syncope,  delirium,  coma,  and  convulsions,  if  associated  with  jaun- 
dice, depend  upon  other  causes. 

II.  Effect  of  Loss  of  Bile  upon  Digestion. — In  cases  of  obstructive  jaun- 
dice, or  of  biliary  fistula,  when  the  bile  being  diverted  from  its  proper  chan- 
nels is  lost,  the  effect  upon  intestinal  digestion  is  soon  shown  by  the  presence 
of  an  excessive  quantity  of  fat  in  the  stools.  The  feces  become  altered  in 
color  from  the  absence  of  hydrobilirubin,  and  resemble  potters'  clay  in  color 
and  quahty.  They  may  also  be  quite  offensive  in  odor.  The  fat  content 
of  the  feces  greatly  exceeds  the  normal,  which  seems  to  prove  that  the  bile 
has  an  important  digestive  effect  upon  fats.  It  must,  however,  be  remem- 
bered that  in  catarrhal  jaundice  and  in  calculi  impacted  in  the  duodenal 
papillae  the  pancreatic  duct  may  also  be  obstructed,  and  the  lipolytic  pan- 
creatic enzyme  also  be  deficient. 

Jaundice  soon  disappears  when  its  cause  is  removed.  Icterus  neonatorum 
is  probably  the  most  persistent  form  of  acute  jaundice,  sometimes  lasting 
for  several  months.  This  may  depend  upon  the  crystallization  of  the  pig- 
ment in  the  tissues  which  makes  its  removal  more  difficult. 

Feces. — The  feces  are  composed  of  remnants  and  waste  products. 
Physically  they  are  brown  in  color  and  plastic  in  consistence,  though 
quite  variable  in  this  particular  according  to  the  "habit"  of  each  indi- 
vidual and  his  preference  for  considerable  animal  or  vegetable  food.  The 
quantity  passed  each  day  averages  about  200  to  500  gm.,  according  as  the 
diet  is  chiefly  nutritious  (proteid)  or  innutritions  (vegetable).  They  have 
a  characteristic  odor,  chiefly  dependent  upon  skatol  and  indol.  They  usu- 
ally contain  considerable  putrefactive  gas,  that  causes  them  to  float  in  water. 

Microscopically  they  consist  of  bits  of  undigested  and  indigestible  animal 
foods,  scraps  of  vegetable  cells,  with  considerable  cellulose,  starch  granules, 
globules  of  fat,  and  bacteria. 

Chemically  they  contain  the  products  of  bacterial  energy,  excretin,  a 
crystallizable  non-nitrogenous  substance,  present  in  small  amounts,  choles- 
terin,  probably  derived  from  the  bile,  and  from  vegetable  foods,  mucus,  fats, 
hydrobilirubin,  and  inorganic  salts. 

Probably  the  most  important  elements  in  the  feces,  so  far  as  their  effect 
upon  the  health  of  the  individual  is  concerned,  are  the  bacteria  and  their 
products.  Of  the  bacteria  there  are  many  forms,  the  most  constant  being 
Bacillus  coli  communis  in  the  adult  and  Bacillus  lactis  aefogenes  in  the 
infant.  It  is  upon  the  presence  of  these  bacteria  and  the  decomposition 
and  fermentation  of  the  food  that  they  occasion  that  the  occurrence  of  skatol 
and  indol  depends. 

Unfortunately  very  little  is  known  concerning  the  bacterial  products,  and 
we  are  unfamiliar  with  the  effects  produced  by  their  absorption.  Very  likely 
their  importance  is  being  greatly  overestimated,  as  a  certain  proportion  of 
the  indol  and  skatol  is  constantly  absorbed,  forming  the  indoxyl-sulphuric 
acid  and  skatoxyl-sulphuric  acid  that  occur  in  the  urine.  When  much  of 
these  substances  is  absorbed  from  the  intestine,  correspondingly  more  appears 
in  the  urine ;  but  the  importance  attributed  to  the  presence  of  indican  in  the 
urine  a  few  years  ago  has  now  greatly  declined. 

Concerning  the  autointoxication  that  occurs  from  the  feces,  we  cannot 
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fail  to  observe  cases  in  which  the  feces  are  discharged  only  at  weekly, 
monthly,  or  much  longer  intervals,  yet  without  poisoning  the  patient. 

Diarrhea  is  a  condition  in  which  the  bowel  movements  are  too  frequent 
and  the  feces  too  soft. 

It  may  depend  upon  a  great  many  causes,  all  of  which  operate  in  one  of 
four  ways :  i;  Increased  rapidity  of  peristalsis,  by  which  the  feces  are  hur- 
ried along  in  an  unfinished  condition.  2.  Increased  secretion  by  the  intesti- 
nal glands,  by  which  the  contents  are  kept  too  fluid.  3.  Diminished  absorp- 
tion of  fluid  in  the  large  intestine,  by  which  the  feces  are  not  dried  as  usual. 
4.  Excitation  of  the  nervous  regulations  affecting  peristalsis  and  secretion. 

Probably  the  greater  number  of  diarrheas  depend  upon  combinations  of 
these  causes,  and  it  may  be  impossible  to  determine  which  is  the  chief  factor. 
Thus,  irritating  substances,  such  as  croton  oil,  by  their  local  action  upon 
the  mucous  membrane  produce  stimulation  that  causes  accelerated  peristaltic 
action  and  at  the  same  time  increases  secretion.  They  may  also  excite  the 
nervous  mechanism,  and  by  the  increased  peristalsis  certainly  effect  the  dis- 
charge of  the  intestinal  contents  before  they  have  been  dried  and  formed. 

Diarrheas  are  divided  into  many  groups  according  to  various  conditions 
under  which  they  occur,  as  shown  in  the  following  table  : 


PRIMARY    DIARRHEA: 


Acute 


Mechanical. 


Inflammatory. 


Infectious. 


Irritative. 
Lienteric. 
Crapulous. 
Catarrhal. 

Infantile. 
Serous. 
Gelatinous. 
Mucous. 
Tropical. 
Choleraic. 
Choleriform. 
Dysenteric. 
Fibrinous. 


Chronic 
SECONDARY   DIARRHEA: 
Chronic 


Obstructive—  Pseudodiarrhea. 
Obstructive — Chylous. 
Hepatic  and  pancreatic — Fatty. 
Infectious — Tropical. 


Symptomatic. 
Cachectic. 

Vicarious  or  compensatory. 
[  Nervous. 


Constipation  or  coprostasis  is  habitual  insufficient  movement  of  the  bowels 
and  is  usually  associated  with  hardness  and  -dryness  of  the  feces.  The  condi- 
tion is  largely  one  of  individual  "habit,"  some  persons  suffering  from  a  mild 
degree  of  it  all  their  lives.  The  average  normal  human  being  has  a  bowel 
movement  every  day,  but  the  maintenance  pf  health  does  not  require  this. 
Some  persons  have  movements  every  other  day,  or  every  third  day.  A  few 
persons  have  regular  movements  weekly.  Cases  are  recorded  in  which  the 
bowels  moved  only  at  intervals  of  months,  and  one  case  is  reported  in  which 
there  was  no  movement  for  a  year.  Suddenly  developed  retention  of  fecal 
matter,  such  as  we  observe  in  intestinal  obstruction,  is  followed  by  serious 
symptoms  (nausea,  vomiting,  stercoraceous  vomiting,  prostration,  and  ex- 
haustion) never  seen  in  habitual  constipation,  probably  because  in  the  latter 
we  gradually  become  immunized  to  the  products  of  bacterial  putrefaction 
and  chemical  change  absorbed  from  the  intestine.  The  amount  of  damage 
the  absorption  of  these  products  may  occasion  is  not  known.     Sir  Andrew 
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Clarke  thought  them  capable  of  causing  anemia,  and  described  chlorosis  as 
depending  upon  " copremia"  or  absorption  of  fecal  products. 

The  causes  of  constipation  are  probably  numerous.  Diet  has  much  to  do 
with  it,  an  innutritious  diet  by  the  amount  of  residual  substance  predisposing 
to  frequent  movements.  There  are,  however,  many  persons  who  are  not 
influenced  in  the  least  by  alterations  in  diet,  or  are  only  temporarily  influ- 
enced by  it.  Inertia  of  the  bowel  may  be  an  important  factor.  If  peris- 
talsis is  slow  the  feces  are  delayed  in  passage  and  become  overdried,  their 
further  passage  being  delayed  by  their  increased  consistency.  The  rapid 
absorption  of  water  from  the  chyme  after  it  enters  the  large  intestine  causes 
the  feces  to  dry  prematurely,  so  that  very  often  small  rounded  masses  (,scy- 
bala)  are  formed  and  pack  together  in  irregular  masses  that  pass  on  with 
difficulty.  Failure  of  the  nervous  mechanism  of  the  intestine  properly  to 
innervate  the  organ  may  delay  peristalsis  and  produce  premature  drying  and 
difficult  progress  of  the  feces.  Obstruction  of  the  lumen  of  the  organ  by 
intussusception,  volvulus,  hernia,  neoplasms,  fibrous  adhesions  between  vis- 
cera, structures,  etc. ,  all  bring  about  acute  or  chronic  constipation  according 
to  the  condition  and  its  duration.  An  analysis  of  the  causes  given  by 
Lazarus-Barlow  finds  them  all  depending  upon:  i.  Obstruction.  2.  Im- 
pairment of  the  intestinal  propulsive  power.  3.  Abnormal  consistency  of  the 
feces.  4.  Lowered  reflex  irritability  of  the  defecation  center  in  the  lumbar 
cord. 

Obstruction  of  the  bowels  with  complete  retention  of  the  feces  (obstipation) 
is  a  much  more  mischievous  trouble.  It  may  be  acute,  depending  upon 
peritonitis,  general  or  local  as  in  appendicitis,  hernia,  intussusception, 
volvulus,  foreign  bodies,  etc.,  or  it  may  be  chronic  and  follow  prolonged 
increasing  constipation  in  cases  of  stricture  of  the  bowel,  neoplasms,  and 
fibrous  adhesions. 

In  acute  obstruction  the  bowel  is  completely  closed  to  the  passage  of  fecal 
matter  at  some  point  at  which  the  disease  is  situated.  Below  this  point  the 
irritation  of  the  injured  or  diseased  tissue  may  hurry  the  bowel  to  empty  its 
contents  (spurious  diarrhea).  When  once  emptied  the  bowel  ceases  to  act. 
The  patient  usually  becomes  profoundly  shocked,  is  prostrated,''  becomes 
nauseated,  and  vomits.  The  vomitus  is  at  first  gastric  contents,  followed 
shortly  by  bilious  matter  and  later  by  fecal  matter  (stercoraceous  vomiting). 
The  urine  is  usually  diminished  in  amount.  The  patient  becomes  collapsed, 
and  dies  exhausted  in  from  five  to  seven  days. 

Stercoraceous  or  fecal  vomiting  seems  to  depend  upon  the  activity  of  the 
peristalsis  that,  driving  the  semi-fluid  intestinal  contents  toward  the  obstruc- 
tion, which  it  is  unable  to  pass,  brings  about  a  returning  ascending  stream 
in  the  center  of  the  bowel.  It  is  from  this  returning  stream  that  the  vomited 
fecal  matter  is  derived.  The  patient  is,  of  course,  unable  to  nourish  him- 
self under  the  circumstances,  and  the  lack  of  nourishment,  the  prostration, 
and  the  collapse  combine  to  hasten  the  fatal  outcome. 

Chronic  obstruction  occurs  in  cases  of  gradually  forming  neoplasm,  of 
slowly  contracting  strictures  and  peritoneal  adhesions,  slowly  impacting  fecal 
matter,  etc.  In  it  the  long  preceding  period  of  constipation  paves  the  way 
to  a  tolerance  of  the  absorbed  fecal  products.  During  the  time  fecal  matter 
is  accumulating  in  quantity  in  the  bowel,  the  patient  suffers  from  gradually 
increasing  headache,  foul  tongue,  bad  breath,  impaired  intellect,  and  abdom- 
inal distention.  Foul  eructations,  occasional  vomiting,  sometimes  fecal  in 
character,  may  be  observed.     Ultimately  the  termination  is  fatal. 

As  Lazarus-Barlow  points  out,  it  is  extremely  difficult  to  understand  why 
acute  obstruction  should  be  so  dangerous  and  rapidly  fatal,  and  chronic 
obstruction  so  different.     He  looks  upon  the  shock  and  peritonitis  as  being 
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of  great  importance.  Very  probably  there  is  in  chronic  obstruction  as  in 
chronic  constipation  the  development  of  a  vicarious  eliminative  channel  for 
absorbed  products,  as  well  as  the  development  of  immunity  to  the  effects  of 
fecal  absorption,  neither  of  which  conditions  has  time  to  occur  in  acute 
obstruction. 

End-products. — The  fulfilment  of  the  nutritive  function  gives  rise  to 
final  or  end-products  which,  being  of  no  further  use,  are  discharged  from 
the  body. 

The  undigested  and  indigestible  residuum  of  the  food  forms  the  bulk  of 
the  feces  and  is  discharged  from  the  rectum. 

The  fats  and  carbohydrates  of  the  food  are  split  up  to  CO^  and  H,0,  the 
CO^  being  chiefly  eliminated  by  the  lungs.  The  proteid  foods  after  having 
performed  their  function  are  transformed  in  the  liver  to  urea,  in  which  form 
they  are  excreted  by  the  kidneys.  The  salts  consumed  by  the  foods  and 
absorbed  into  the  blood  also  find  excretion  in  the  urine.  The  nucleic  acid 
taken  in  the  food  is  transformed  to  uric  acid  and,  together  with  oxalic  acid 
in  the  form  of  oxalates,  and  kreatinin  derived  from  the  kreatin  of  the  muscle, 
are  eliminated  in  the  urine.  Cholesterin,  possibly  derived  from  nervous- 
tissue  waste,  passes  out  with  the  bile  and  escapes  with  the  feces.  Leucin, 
tyrosin,  lecithin,  and  stercorin,  as  a  rule,  escape  as  fecal  constituents.  Leucin 
and  tyrosin  sometimes  pass  out  with  the  urine.  Cystin  of  obscure  origin  is 
found  in  the  urine.  The  waste  blood  pigment  forms  the  coloring-matter  of 
the  bile,  and,  being  transformed  in  the  intestine,  is  in  part  used  over  again, 
in  part  absorbed  to  form  the  urobilin  that  colors  the  urine,  while  the  remainder 
escapes  as  the  hydrobilirubin  that  is  the  natural  pigment  of  the  feces. 


CHAPTER    IV. 
PATHOLOGY   OF   THE    CIRCULATION. 

The  cells  of  the  body  derive  their  nourishment  from  a  circulating  nutri- 
tious fluid,  the  source  of  which  is  the  blood.  Alterations  in  its  chemistry, 
changes  in  the  regularity  of  its  circulation,  and  irregularities  in  its  distribu- 
tion profoundly  influence  the  health  of  the  tissue  elements. 

ISCHEMIA. 

Anemia,  or  general  bloodlessness,  finds  its  proper  consideration  under 
Diseases  of  the  Blood. 

Ischemia,  or  local  anemia,  is  an  insufficiency  of  blood  in  a  part  of  the 
body. 

Causes. — Ischemia  may  depend  upon  : 

1.  Abnormal  contraction  of  the  arteries,  depending  on  vasomotor  con- 
striction, as  in  Raynaud's  disease,  ergot-poisoning,  etc. 

2.  Compression  of  arterial  vessels  by  morbid  growths,  etc. 

3.  Disease  of  the  blood-vessel  walls  with  diminution  of  their  caliber,  as 
in  the  chronic  forms  of  endarteritis. 

4.  Thrombosis  and  embolism. 

5.  Ligature  of  a  vessel,  and  compression  of  the  tissues  by  an  Esmarch 
tube. 

Ischemia  is  rarely  complete  because  of  the  numerous  anastomoses  of  the 
arterial  vessels,  and  for  the  same  reason  is  seldom  permanent,  except  when 
caused  by  extensively  diseased  vessels.  Sudden  complete  ischemia  is  apt  to 
be  succeeded  by  infarction  {g.  v.),  either  anemic  or  hemorrhagic. 

Morbid  Anatomy. — During  life  an  anemic  part  is  pale  in  color,  cool  to 
the  touch,  and  is  without  visible  vessels  upon  the  surface.  Post  mortem  the 
organ  appears  unusually  pale  and  bloodless,  of  a  translucent  appearance,  has 
few  visible  blood  vessels,  and  is  dry  when  incised,  no  blood  escaping  from  it. 

Morbid  Histology. — The  histologic  findings  confirm  the  naked-eye 
appearances.  The  part  appears  empty  of  blood,  and  signs  of  secondary 
changes  are  evident. 

Terminations. — Ischemia  produces  varying  results  according  to  its  degree. 
Complete  bloodlessness  inevitably  results  in  gangrene,  infarction,  or  necrosis  ; 
incomplete  bloodlessness  in  degenerations  or  atrophy.  Temporary  and 
very  moderate  ischemia  may  not  produce  noticeable  changes. 

HYPEREMIA, 

Hyperemia  is  a  condition  in  which  the  tissues  receive  an  excess  of  blood. 
The  blood  is  contained  within  the  vessels,  small  quantities  sometimes  escaping 
from  them.  The  condition  may  be  active  or  arterial,  or  passive  or  venous. 
Capillary  hyperemia  may  be  either. 

Active  Hyperemia. — This  condition  is  known  as  acute  congestion ,  in 
it  the  tissues  receive  an  excess  of  arterial  blood.     Two  forms  are  known  : 

I.  Idiopathic,  hyperemia,  resulting  from  impairment  of  the  resisting  power 
of  the  arteries.     Its  causes  are  numerous,  and  are  divisible  into  two  classes. 
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(a)  Causes  acting  directly  upon  the  arterial  vessels  and  producing  in  them 
a  paralytic  relaxation  as  traumatism,  inflammation,  extremes  of  temperature, 
physiologic  action  of  certain  drugs,  pathologic  conditions  of  the  blood- 
vessels, etc. 

(J?)  Causes  operating  through  the  nervous  mechanism  of  the  vessels  by 
producing  palsy  of  the  vasoconstrictor  nerves  (neuroparalytic  hyperemia)  or 
by  producing  stimulation  of  the  vasodilator  nerves  (neurotonic  hyperemia). 

II.  Collateral  hypere?nta,  in  which  a  vessel  receives  an  increased  quan- 
tity of  blood  diverted  from  normal  channels  that  have  been  obstructed.  If 
the  main  trunk  of  an  artery  is  obstructed,  the  pressure  of  the  circulation  is 
thrown  upon  its  major  branches  and  extends  to  their  capillaries.  The  con- 
dition affects  the  larger  vessels,  but  is  most  apparent  in  the  capillaries. 

Morbid  Anatomy. — The  congested  organs  are  slightly  increased  in  size 
because  of  the  increased  amount  of  blood  that  they  contain  and  from  an 
exudate  escaping  from  them.  They  are  bright  red  in  color  from  the  presence 
of  arterial  blood.  The  capillary  redness  appears  as  g.  diffuse  scarlet  blush. 
When  larger  vessels  are  turgescent  they  appear  intensely  red  and  unusually 
conspicuous  to  the  naked  eye ;  such  prominent  vessels  are  said  to  be  injected. 
Capillary  vessels  can  never  be  seen  with  the  naked  eye,  no  matter  how  en- 
gorged with  blood  they  may  be,  so  that  this  condition  of  injection  always 
refers  to  the  arterioles.  The  appearances  change  after  death,  the  red  color 
disappearing  as  the  blood  sediments  to  the  dependent  portions  of  the  body. 

The  true  nature  of  the  blood  found  in  the  part  after  death  may  be  diffi- 
cult to  determine.  Its  red  color  can  only  be  taken  to  indicate  arterial 
hyperemia  when  the  organ  appears  bright  red  immediately  after  being  incised. 
Redness  at  any  later  period  may  depend  entirely  upon  the  absorption  of  the 
oxygen  in  the  air  by  the  hemoglobin  in  the  red  corpuscles. 

The  redness  of  the  skin  occasioned  by  capillary  dilatation,  such  as  is  seen 
in  active  hyperemia,  is  commonly  described  as  erythema.  Many  varieties  of 
erythema  are  described  by  dermatologists  and  others,  but  all  depend  upon  the 
vascular  dilatation.  One  of  the  most  interesting  and  most  important,  prob- 
ably depending  upon  disturbances  of  vaso-motor  innervation,  chiefly  occurs 
in  the  tissues  of  the  lower  limbs  and  forearms,  though  occasionally  in  those 
of  the  upper  arms  and  thighs.  It  is  called  erythema  nodosuvi,  and  is  charac- 
terized by  sudden  painful  dilatation  of  the  radicles  of  some  single  vessel, 
resulting  in  the  formation  of  a  somewhat  painful,  hard  swelling  varying  in 
size  from  a  pea  to  an  orange,  and  sometimes  situated  in  the  subcutaneous, 
though  occasionally  in  the  muscular  tissues.  So  soon  as  the  disturbance  of 
innervation  is  past  the  vessels  return  to  their  usual  size  and  the  pain  and 
swelling  disappear. 

Results  of  Active  Hyperemia. — Active  hyperemia  is  followed  by  certain 
changes  in  the  parts  affected. 

1.  Hypertrophy.  The  hyperemic  part  becomes  larger  than  normal,  at 
first  because  it  contains  more  blood  than  usual,  and  later  the  increased  nutri- 
tion brought  to  it  leads  to  multiplication  of  the  cells. 

2.  Parenchymatous  degeneration,  probably  resulting  from  overnutrition 
or  excessive  stimulation  of  the  cells. 

3.  Fibrosis.  This  is  particularly  frequent  as  a  consequence  of  collateral 
hyperemia,  and  is  characterized  by  proliferation  of  the  connective  tissue  im- 
mediately around  the  blood  vessels,  as  if  its  development  were  intended  to 
afford  them  additional  support. 

Passive  Hyperemia. — Passive  hyperemia  is  the  presence  of  an  excess 
of  venous  blood  in  a  part  from  which  its  exit  is  obstructed.  The  blood  press- 
ure in  the  veins  is  very  low  and,  indeed,  in  some  large  veins  like  the  inferior 
vena  cava  is  negative,  the  blood  being  driven  out  of  them  by  the  pressure  of 
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the  blood  entering  from  the  capillary  system,  the  pumping  action  of  the 
muscular  contractions  and  the  respiratory  movements.  The  occurrence  of 
passive  hyperemia  is,  therefore,  a  much  more  simple  phenomenon  than  that 
of  the  active  congestion. 

Causes.— -Passive  hyperemia  results  from  : 

1.  Valvular  heart  disease.  Almost  any  obstructive  or  regurgitant  disease 
of  the  heart  brings  about  a  secondary  engorgement  of  the  venous  system,  the 
strain  of  which  is  felt  most  severely  upon  the  lungs,  abdominal  organs,  and 
lower  limbs. 

2.  Cirrhosis  of  the  liver,  interfering  with  the  return  of  blood  from  the 
portal  system,  the  engorgement  occurring  in  the  distribution  of  the  portal 
vein. 

3.  Compression  and  ligation  of  the  veins,  preventing  the  exit  of  the  blood 
and  causing  the  venous  elements  of  the  tissue  to  become  engorged.  Such 
pressure  is  often  unmtentionally  exerted  upon  the  veins  of  the  limbs  by  tight 
elastic  garters.     The  dilated  and  tortuous  veins  from  which  the  blood  is  pre- 
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Fig.  33. — Passive  hyperemia,  of  the  Icidney.     The  capillaries  and  small  vessels  are  everywhere 
distended  with  blood  (Diirck). 

vented  from  escaping  appearing  upon  the  surface  of  the  limb  as  the  familiar 
varicose  veins. 

4.  Obstruction  of  veins  by  thrombi. 

5.  The  effect  of  gravity  upon  a  weak  circulation  and  weak  vessels  (hypo- 
static congestion). 

6.  Loss  of  vasomotor  tone  of  the  vessels. 

Morbid  Anatomy. — In  passive  hyperemia  the  affected  part  is  swollen  and 
maybe  edematous.  It  has  a  dull  grayish-blue  or  ashen  color,  and  usually 
feels  cooler  than  normal.  When  it  has  persisted  for  some  time  the  vessel 
walls  may  yield  to  the  gradually  dilating  force  and  appear  in  bluish  streaks,  or 
the  larger  superficial  vessels  may  present  marked  varicosities.  In  prolonged 
passive  congestion  the  tissues  suffer  from  proliferative  changes  in  the  connec- 
tive tissue,  which  undergoes  hyperplasia  both  of  fibrous  and  elastic  elements. 
The  presence  of  the  dilated  vessels  and  increased  connective  tissues  fre- 
quently bring  about  atrophy  of  the  more  delicate  tissues  in  parenchymatous 
organs,  such  as  the  kidneys,  while  the  contraction  of  the  newly  formed  con- 
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nective  tissue  predisposes  to  subsequent  reduction  in  size.  An  organ  thus 
becomes  small  and  feels  hard  as  the  result  of  chronic  congestion  (cyanotic 
induration). 

Morbid  Histology. — Under  the  microscope  a  turgescence  of  the  veins  and 
capillaries  is  detected. 

Results  of  Passive  Hyperemia. — The  passive  pressure  opening  the  stig- 
mata of  the  vessels  very  often  allows  red  blood  corpuscles  to  be  squeezed 
through  into  the  surrounding  tissue  (diapedesis).  These  blood  corpuscles 
being  subsequently  destroyed,  their  pigment  is  liberated  and  often  collects  in 
and  discolors  the  tissue,  leading  to  cyanotic  or  brown .  induration  or  brown 
atrophy. 

Passive  congestion  may  also  lead  to  edema,  atrophy,  degeneration,  necro-, 
sis,  and  gangrene,  according  to  its  extent,  degree,  and  duration.  Perhaps 
the  most  frequent  result  of  passive  hyperemia  is  phlebectasia,  or  dilatation 
of  the  veins. 

An  interesting  form  of  passive  congestion  depends  upon  diminution  of  the 
atmospheric  pressure.  A  local  form  of  this  is  seen  in  the  application  of  dry 
cups  to  the  skin,  another  in  the  sudden  removal  of  fluid  accumulations  from 
the  tunica  vaginalis  testis,  pleura,  etc.  Universal  turgescence  of  the  venous 
system  follows  the  rarefication  of  the  air  seen  in  high  altitudes  and  in  the 
pneumatic  cabinet. 

EDEMA  OR  DROPSY. 

Edema  is  distension  of  the  interstices  of  the  tissues  by  clear  watery 
fluid.  A  fluid  closely  resembling  the  plasma  in  composition,  but  usually 
more  watery,  constantly  passes  through  the  endothelial  membranes,  the 
capillaries,  and  supplies  such  metabolic  tissue  elements  as  are  not  in  imme- 
diate contact  with  the  capillaries  with  moisture  and  nutriment.  This  trans- 
uded fluid  is  known  as  lymph.  Provision  is  made  for  its  removal  from  the 
tissues  after  it  has  fulfilled  its  purpose  through  the  lymphatic  vessels,  which 
begin  as  mere  clefts  and  gradually  develop  into  larger  and  larger  vessels  so 
as  to  provide  a  system  of  tissue  drainage.  There  is  a  physiologic  balance 
between  the  circulation  of  the  blood  and  the  lymph,  so  that  no  more  fluid 
exudes  into  a  tissue  than  it  needs.  In  diseased  conditions  this  balance  is 
frequently  disturbed,  and  the  amount  of  transudate  increased  in  such  a  way 
as  to  cause  the  tissue  to  become  distended,  saturated,  macerated,  and  tume- 
fied.    This  condition  is  known  as  edema  or  dropsy. 

Causes. — Edema  may  result  from : 

I.  Increased  transudation  from  the  blood,  caused  by 

{a)  Hyperemia.  Active  hyperemia  causes  edema  because  of  the  increased 
blood  pressure  and  associated  increased  transudation.  It  more  commonly 
occurs  in  passive  hyperemia.  Experiment  shows,  however,  that  hyperemia 
alone  is  insufficient  to  bring  about  dropsy.  When  the  major  vein  of  a  healthy 
limb  is  ligated,  causing  intense  passive  hyperemia,  edema  does  not  occur: 
unless  the  lymphatic  trunk  is  also  obstructed.  Curiously  enough,  the  results. 
of  experiment  and  disease  seem  to  differ,  for  while  it  is  a  common  experience 
in  human  medicine  to  find  local  edema  following  obstruction  of  the  veins,; 
as  in  thrombosis,  after  the  vena  cava  of  the  dog  is  experimentally  ligated, 
dropsy  occurs  only  in  that  limb  whose  major  nerve  was  severed,  notwith- 
standing the  extreme  passive  hyperemia  that  necessarily  followed  ligation  of 
the  vena  cava.  Obstruction  of  the  lymphatic  circulation  also  fails  to  produce, 
dropsy. 

(J))  Changes  in  the  quality  of  the  blood  may  permit  a  greater  amount  of; 
transudate  than  normal  and  so  cause  edema.     Such  hydremia  is  seen  in  dis-; 
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ease  of  the  kidney,  where  the  retained  water  passes  through  the  blood-vessel 
walls  into  the  tissues.  Here  again  experiments  conflict  with  theory,  for  the 
researches  of  Cohnheim  and  Lichtheim  show  that  when  large  quantities  of 
water  are  injected  into  animals,  so  that  hydremic  plethora  results,  dropsy  does 
not  occur,  the  fluid  being  rapidly  discharged  by  the  kidneys,  intestines,  sali- 
vary glands,  liver,  and  pancreas.  At  the  same  time  a  large  amount  of  lymph 
is  poured  into  the  circulation  through  the  thoracic  duct,  though  the  flow  of 
fluid  through  the  lymphatics  of  the  limbs  is  not  increased.  These  experi- 
ments seem  to  show  that  in  addition  to  the  increased  water  in  the  blood, 
some  other  factor  is  necessary.  The  experimenters  quoted  found  that  when 
venous  hyperemia  of  one  limb  was  added  to  the  general  hydremia  that  limb 
became  dropsical. 

(f)  Changes  in  the  walls  of  the  blood  vessels.  Cohnheim  taught  that  the 
most  important  change  leading  to  dropsy  is  to  be  found  in  malnutrition  of 
the  blood-vessel  walls. 

((/)  Changes  in  the  vascular  innervation.  This  is  best  illustrated  by  the 
angioneurotic  local  edemas  occurring  in  consequence  of  dietetic  errors. 

{/)  Changes  in  the  extravascular  pressure,  as  in  edema  ex  vacuo  already 
mentioned. 

II.  Impeded  removal  of  fluid  from  the  tissues  because  of  obstruction  or 
inefficient  action  of  the  veins  and  lymphatics. 

{a)  Obstruction  of  the  lymphatics  is  rarely  followed  by  dropsy.  Experi- 
mentally it  is  not  possible  to  produce  edema  by  the  most  thorough  ligation 
of  the  lymphatics  of  the  limb,  and  even  ligature  of  the  thoracic  duct,  which 
must  be  followed  by  an  engorgement  of  the  entire  lymphatic  system,  is  by 
no  means  regularly  followed  by  dropsy,  probably  because  of  the  frequent  • 
anastomoses  between  the  veins  and  lymphatics. 

(Ji)  Obstruction  of  the  veins  is  one  of  the  most  important  mechanical  causes 
of  dropsy,  though  it  has  already  been  pointed  out  that  experiments  upon  dogs 
differ  upon  this  point  from  disease  in  man.  The  difference  may  be  attributed 
to  the  more  healthy  condition  of  the  tissues  of  the  experiment  animal.  In 
cases  of  carcinoma  ot  the  breast  with  secondary  disease  of  the  axillary  lym- 
phatic glands,  edema  of  the  arm  is  frequent,  presumably  from  obstruction  of 
the  lymphatic  circulation  ;  but  usually  in  these  cases  no  examination  is  made 
to  determine  whether  disease  of  the  nerves  or  veins  is  added  to  the  lymphatic 
obstruction. 

Edema  thus  seems  to  depend  upon  a  combination  of  causes  in  most 
cases  rather  than  upon  some  one  in  particular.  The  chief  clinical  causes 
are  cardiac  insufficiency,  causing  edema  that  first  appears  in  the  feet  and 
ankles ;  kidney  disease,  appearing  first  about  the  eyes  and  face ;  anemia  and 
cachexia ;  cirrhosis  of  the  liver,  affecting  the  abdominal  cavity ;  and  pressure 
upon  the  veins  or  lymphatics  from  a  gravid  uterus,  abdominal  ,or  other  neo- 
plasms, etc. 

Chemistry. — The  dropsical  effusion  is  a  clear,  straw-colored,  sometimes 
slightly  blood-stained,  albuminous  fluid.  The  amount  of  proteid  is  usually 
less  than  3  per  cent.;  therefore,  much  less  than  that  of  the  liquor  sanguinis 
and  less  than  that  of  inflammatory  exudates.  It  does  not  contain  fibrin,  as 
a  rule,  though  a  small  quantity  may  be  present.  The  liquid  usually  coagu- 
lates upon  the  addition  of  a  fibrin  ferment,  showing  that  it  contains  fibrin 
factors.  Fluids  from  dropsy  of  the  pleura  are  most  rich  in  proteids ;  sub- 
cutaneous effusions  least  so.  The  specific  gravity  of  the  fluids  in  dropsy 
averages  about  1.015. 

Special  Forms. — Anasarca  is  universal  edema  of  the  subcutaneous 
tissue.  It  usually  results  from  diseases  of  the  kidneys.  The  whole  body 
appears  swollen,  especially  where  the  tissues  are  loose.     The  skin  is  very 
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white  and  smooth,  usually  feels  cool,  and  when  pressed  upon  yields  readily, 
leaving  a  pit  or  depression  when  the  finger  is  removed. 

Ascites  is  dropsy  of  the  peritoneal  cavity.  Instead  of  being  in  the  inter- 
stices of  the  areolar  tissue,  the  fluid  is  free  in  the  cavity  of  the  abdomen.  It 
results  from  cirrhosis  of  the  liver,  malignant  disease  of  the  abdominal  viscera, 
venous  obstructions,  etc. 

Hydropericardium  is  a  collection  of  fluid  in  the  pericardial  sac.  This  is 
usually  inflammatory  in  origin,  and  rarely  a  simple  dropsical  effusion. 

Hydrothorax  is  a  collection  of  fluid  in  the  pleural  cavities.  It  is  common 
as  a  part  of  general  dropsy,  but  more  common  as  the  result  of  enfeebled  car- 
diac action.  It  is  nearly  always  bilateral.  When  unilateral  it  usually  occurs 
on  the  right  side,  and  has  been  thought  to  depend  upon  circulatory  disturb- 
ances resulting  from  the  pressure  of  an  overdistended  right  auricle  upon  the 
azygos  and  other  contiguous  veins. 

Hydrocephalus  is  an  accumulation  of  fluid  in  the  ventricles  of  the  brain ; 
it  is  probably  of  inflammatory  origin.  Two  forms  are  described :  external 
hydrocephalus,  in  which  the  fluid  is  in  the  subarachnoidean  space,  and  inter- 
nal hydrocephalus,  in  which  it  occupies  the  ventricular  cavities. 

Hydrocele  is  an  accumulation  of  fluid  in  the  tunica  vaginalis  testis.  It 
also  applies  to  fluid  collections  about  the  cord  and  round  ligament,  and  is 
occasionally  applied  to  other  fluid  collections. 

Pathologic  Histology. — ^The  histology  of  edema  is  very  simple,  the 
component  elements  of  the  afi"ected  tissue  appearing  to  be  more  widely  sepa- 
rated from  one  another  than  usual.  In  many  cases  the  cells  show  a  dropsical 
condition  and  appear  vacuolated  from  imbibition  of  fluid. 

EMPHYSEMA. 

Interstitial  emphysema  is  distention  of  the  cellular  tissue  by  gas.  The  con- 
dition is  rare,  and  depends  upon  the  accidental  entrance  of  air  from  the 
surface  of  the  body  or  from  the  respiratory  apparatus,  or  upon  the  produc- 
tion of  gas  in  the  tissues  by  bacteria.  It  is  seen  chiefly  in  traumatic  injuries 
of  the  chest.  The  affected  area  is  swollen,  pale  in  color,  and  crackles  under 
the  finger  when  pressed  upon. 

The  gases  produced  by  bacteria  may  be  formed  during  the  life  of  the 
animal,  as  in  malignant  edema  and  "black  leg"  or  "quarter  evil,"  or,  as 
is  probably  more  frequent,  after  death,  as  in  infection  with  the  Bacillus 
aerogenes  capsulatus.  In  the  latter  gas  bubbles  (gas  cysts)  are  found  scat- 
tered throughout  the  organs,  and  are  easily  recognized  in  the  brain,  kid- 
neys, and  other  solid  organs. 

HEMORRHAGE. 

By  hemorrhage  is  understood  the  escape  of  all  the  constituents  of  the 
blood  from  the  heart  or  vessels.  Three  kinds  of  hemorrhage  are  described  : 
the  arterial,  the  venotcs,  and  the  capillary.  Hemorrhage  occurs  by  rhexis 
or  rupture  of  the  vessel  wall,  or  by  diapedesis,  in  which  there  is  no  dis- 
coverable laceration  of  the  walls  of  the  vessel.  Just  how  the  corpuscles 
pass  out  of  the  vessels  in  diapedesis  is  not  well  understood.  It  is  com- 
monly understood  that  the  corpuscles  escape  through  the  stigmata  of  the 
vessel  walls,  which,  on  account  of  hyperemic  distention,  are  abnormally 
stretched  and  permit  both  the  fluid  and  the  corpuscles  to  escape.  The  possi- 
bility of  minute  lacerations  of  the  vessels  being  present  but  not  discovered 
must  always  be  borne  in  mind. 

Hemorrhage  by  Rhexis. — Causes. — i.  Increased  blood  pressure,  q%'^q- 
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cially  when,  because- of  disease,  the  vessel  walls  have  lost  their  elasticity  or 
supply  aneurysmal  dilatation. 

2.  Disease  of  the  vessels.  In  atheroma,  calcification  of  the  coats  of  the 
arteries,  aneurysms,  and  fatty  degeneration  of  the  vessels  their  walls  may  be 
unable  to  stand  the  normal  blood  pressure,  and  yield  with  resulting  hemor- 
rhage. Increased  blood  pressure  following  exertion  is  usually  the  exciting 
cause. 

3.  Traumatism.  This  is  the  most  frequent  cause  of  hemorrhage  and  needs 
no  further  discussion. 

By  surgeons  hemorrhages  are  divided  into  primary  or  immediate  and  sec- 
ondary or  recurrent :  primary  hemorrhage  immediately  following  the  solu- 
tion of  the  continuity  of  the  vessels  walls  ;  secondary  hemorrhage  resulting 
some  time  after  the  original  injury,  from  sloughing  of  the  tissues  or  from  the 
separation  of  a  ligature. 

Hemorrhage  by  Diapedesis. — Causes. — i.  Certain  diathetic  diseases, 
such  as  scurvy,  purpura  haemorrhagica,  various  of  the  exanthematous  diseases, 
hemophilia,  pernicious  anemia,  and  leukemia.  In  all  of  these  malnutrition 
of  the  vessel  walls  together  with  minute  lacerations  may  be  found. 

2.  Inflammation. — In  nearly  all  violent  inflammations  erythrocytes  as 
well  as  leukocytes  escape  from  the  vessels ;  but  here  again  lesions  of  the 
vessels  sufficient  to  explain  the  hemorrhage  occur.  Croupous  pneumonia 
is  an  inflammatory  condition  in  which,  however,  it  may  be  difficult  to  find 
vascular  lesions  sufficient  to  account  for  the  extensive  hemorrhagic  exudate. 

3.  Hyperemia.— In  extreme  hyperemia,  both  active  and  passive,  some 
erythrocytes  escape  from  the  vessels. 

4.  Intoxications  of  various  forms  may  lead  to  hemorrhagic  extravasations, 
but  in  those  in  which  they  are  most  marked,  as  in  venom-poisoning,  there 
are  distinct  lesions  of  the  vessel  walls. 

5.  Alterations  of  Innervation. — These  probably  explain  the  peculiar  cases 
of  vicarious  menstruation  occasionally  seen,  as  well  as  the  hysteric  stigmata. 

6.  Hemophilia. — In  this  affection  the  bleeding  is  more  rarely  spontaneous, 
however,  than  dependent  upon  slight  traumatic  injuries  of  the  vessels. 

Special  names  are  applied  to  hemorrhages  from  or  into  certain  parts: 
Epistaxis  is  hemorrhage  from  the  nose ;  hematemesis,  from  the  stomach ; 
hemoptysis,  from  the  lungs ;  hematuria,  from  the  urinary  organs ;  menorrhagia 
or  metrorrhagia,  from  the  uterus ;  melana  or  enterorrhagia,  from  the  bowels ; 
hematothorax,  into  the  pleural  cavity ;  hematocele,  into  the  tunica  vaginalis 
testis  ;  hematidrosis ,  in  the  perspiration,  etc. 

Special  Forms  of  Hemorrhage. — i.  Petechia. — These  are  minute 
circumscribed  subcutaneous,  submucous,  and  subserous  hemorrhages,  varying 
in  size  from  a  pin-head  to  a  pea.  They  usually  occur  in  specific  fevers  and 
the  disease  known  as  purpura  haemorrhagica. 

2.  Ecchymoses  are  larger,  and  are  familiar  as  the  discolored  areas  known 
as  bruises.  The  terms  suffusion,  extravasation,  and  sugillation  are  applied  to 
large  areas  of  this  kind. 

3.  Hematoma  is  a  collection  of  blood  in  a  solid  tissue.  Hematomata  are 
often  found  upon  the  ears  of  insane  persons  {hematoma,  auris),  and  were 
once  supposed  to  occur  spontaneously,  but  are  now  known  to  result  from 
traumatism.  A  variety  of  hematoma  occurring  on  that  part  of  the  fetal 
head  which  presents  for  a  considerable  time  at  the  os  uteri  in  difficult 
labors  is  called  cephalhematoma.  The  lesion  is  usually  unilateral.  When 
the  blood  beneath  the  pericranium  elevates  it,  a  ring  of  bone  is  usually  found 
about  the  hematoma,  and  a  layer  of  bone  sometimes  over  it. 

4.  Hemorrhagic  Infarction. — This  is  saturation  of  a  circumscribed  tissue 
area  with  blood  that  exudes  from  the  vessels  in  consequence  of  obstruction. 
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Hemorrhage  into  the  Tissues.— The  blood  that  escapes  from  the  vessels 
in  hemorrhage  always  flows  in  the  direction  of  least  resistance,  usually  from 
the  body,  sometimes  into  the  cavities  of  the  body.  Occasionally  it  saturates 
the  loose  tissues,  filling  all  their  interstices.  The  blood  mass,  especially  when 
large,  by  coagulating  in  its  spaces  and  interfering  with  its  circulation, 
destroys  the  tissue  and  devitalizes  it.  Experience  indicates  that  tissues 
saturated  with  blood  are  more  than  others  predisposed  to  infection.  The 
escaped  blood  undergoes  the  peculiar  phenomenon  known  as  coagulation,  in 
which  fibrin  factors  contained  within  it  uniting  with  fibrin  ferments,  prob- 
ably derived  in  part  from  external  sources,  lead  to  the  formation  of  fibrin, 
a  new  and  solid  substance.  The  formation  of  fibrin  in  the  tissue  greatly 
retards  the  absorption  of  the  clot  and  the  restitution  of  the  tissue. 

The  resorption  of  escaped  blood  is  by  no  means  a  simple  process.  First 
the  serum  is  taken  up  by  the  lymphatics ;  then  the  corpuscular  mass  that 
remains  slowly  disintegrates,  the  hemoglobin  being  set  free  and  changed  to 
hemosiderin,  granules  of  which  are  found  scattered  through  the  tissues. 
These  are  removed  slowly  on  account  of  their  insoluble  nature,  phagocytic 
cells  playing  an  important  part  in  the  process. 

Ultimately  the  pigment  seems  to  find  its  way  into  the  urine,  by  which  it 
is  eliminated.  If  the  coagulation  of  the  blood  within  the  tissue  has  produced 
a  profound  disturbance,  the  changes  already  described  must  be  followed  by 
colliquation  necrosis  and  absorption  of  the  damaged  elements  of  the  tissue. 
Following  such  absorption  a  cyst  not  infrequently  remains,  especially  in 
the  brain.  It  contains  clear  fluid  with  a  sediment  of  hematoidin  crystals. 
Hemorrhages  into  serous  cavities  may  be  absorbed  without  coagulation  and 
without  infection. 

Hemophilia. — In  rare  cases  in  which  no  distinct  alterations  of  the  struct- 
ure of  the  vessels  have  been  discovered  a  peculiar  tendency  to  bleed  upon 
very  slight  provocation  is  sometimes  observed.  This  condition  is  described 
as  hemophilia.  From  a  trifling  cut  or  scratch,  persons  affected  with  this 
disease  have  been  known  to  bleed  to  death.  Agnew  saw  a  case  in  which  the 
bleeding  was  always  from  injuries  above  the  neck,  never  from  any  other  part 
of  the  body.  The  disease  is  usually  hereditary,  and  is  usually  transmitted 
through  the  daughters  of  the  bleeder  to  their  male  descendants.  One 
famous  family  of  bleeders — the  Appleton-Swain  family,  of  Reading,  Mass. — 
has  been  traced  through  seven  generations.  The  disease  affects  the  males 
chiefly,  and  usually  develops  before  the  tenth  year.  Persons  in  all  walks  of 
life  are  subject  to  it,  and  those  affected  are  healthy  in  appearance  and  are 
said  to  have  fine,  soft  skins. 

Bleeding  most  frequently  occurs  from  the  nose,  mouth,  stomach,  bowels, 
urethra,  and  lungs ;  sometimes  from  trifling  cutaneous  cuts  and  scratches. 
Sometimes  the  hemorrhage  appears  to  depend  upon  diapedesis.  The  blood 
may  persist  in  flowing  for  hours  or  even  for  days."  The  use  of  astringents 
and  hemostatics  is  without  avail,  and  ligation  cannot  be  practised,  lest  the 
operation  produce  worse  bleeding  than  was  originally  present.  The  disease 
is  also  characterized  by  an  affection  of  the  joints,  closely  resembling  acute 
articular  rheumatism.  The  nature  of  the  disease  is  still  uncertain.  It  seems 
to  depend  more  upon  interference  with  the  coagulability  of  the  blood  than 
upon  alteration  in  the  blood  vessels,  although  changes  both  in  the  blood  and 
the  vessels  may  be  present. 

Spontaneous  Arrest  of  Hemorrhage. — Hemorrhage,  no  matter  how 
severe  or  from  however  large  a  vessel,  would  eventually  cease  spontaneously 
should  the  escaping  blood  reduce  the  intravascular  pressure  to  zero.  As, 
however,  this  would  necessitate  that  everyone  with  a  severed  artery  must  die, 
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nature  provides  other  methods  of  checking  the  outflow  of  blood  from  the 
vessel. 

1.  The  injury  that  severs  the  vessels  causes  it  immediately  and  forcibly  to 
contract,  the  lumen  of  the  vessel  becoming  much  diminished  in  size.  Again, 
the  cut  vessel  being  elastic  retracts  within  the  tissue  so  soon  as  it  is  divided,  a 
smaller  amount  of  blood  thus  escaping. 

2.  The  blood  coming  into  a  new  environment  coagulates,  first  without, 
then  upon,  and  finally  within  the  vessel,  forming  a  clot  without  and  a  coagu- 
lum,  known  as  a  thrombus,  within.  In  this  manner  the  vessel  becomes  com- 
pletely plugged  and  the  flow  of  blood  stopped. 

Results  of  Hemorrhage. — The  result  of  hemorrhage  will  vary  accord- 
ing to  its  extent.  The  loss  of  small  quantities  of  blood  is  of  no  moment. 
Larger  losses  may  be  followed  by  fainting  and  unconsciousness,  from  which 
the  patient  finally  recovers.  Still  larger  losses  cause  unconsciousness  with 
convulsions  and  doubtful  recovery.  Very  large  hemorrhages  cause  death 
from  cerebral  anemia.  Repeated  small  hemorrhages  are  more  serious  than 
single  large  ones,  though  the  general  health  of  the  animal  has  much  to  do 
with  its  effect.  Healthy  animals  may  be  bled  large  quantities  at  frequent 
intervals,  yet  be  able  to  regenerate  the  loss  without  apparent  inconvenience. 
Thus,  in  animals  immunized  against  bacterial  toxins  and  bled  to  secure  anti- 
toxic serums,  I  have  withdrawn  one-tenth  of  the  total  blood  bulk  every 
week  for  months  without  appreciable  change  in  the  health  of  the  animal. 
This  will  be  further  discussed  in  a  future  chapter  (Diseases  of  the  Blood). 

LYMPHORRHAGIA. 

Lymphofrhagia  is  the  escape  of  lymph  from  the  normal  channels.  It 
may  depend  upon  traurnatism  or  pathologic  obstruction  and  rupture  of  the 
passages.  In  wounds  of  the  neck  the  thoracic  duct,  if  severed,  frequently 
forms  an  external  fistula,  from  which  the  chyle  flows,  the  loss  of  the  chyle 
ultimately  causing  emaciation  and  death. 

Obstruction  or  disease  of  the  thoracic  duct  within  the  chest,  by  permitting 
the  escape  of  chyle  into  the  pleural  cavity,  leads  to  chylothorax ;  into  the 
abdominal  cavity,  to  chylous  ascites.  The  obstruction  of  smaller  lymphatic 
vessels,  as  by  filaria  or  other  parasites,  may  cause  chyluria,  lymph  scrotum, 
and  elephantiasis. 

THROMBOSIS. 

By  thrombosis  is  understood  the  coagulation  of  the  blood  within  the 
vessels  during  life.  It  is  really  coagulation  necrosis  of  a  portion  of  the 
blood.  In  the  process  of  coagulation  the  blood  changes  from  a  fluid  to 
a  solid  by  the  formation  of  a  new  substance  known  as  fibrin.  Fibrin  is 
not  originally  existent  in  the  blood  as  such,  but  occurs  in  the  blood  in  the 
form  of  soluble  fibrin  factors,  prone  to  unite  with  the  formation  of  insoluble 
fibrin  the  moment  proper  conditions  are  brought  about. 

When  the  blood  clots  outside  the  vessels,  the  resulting  mass  is  known  as 
a  coagulum  or  clot.  When  it  clots  inside  the  vessels,  the  resulting  mass  is 
spoken  of  as  a  coagulum  if  it  forms  after  death,  or  a  thrombus  if  it  forms  dur- 
ing life. 

Etiology. — During  health  the  moving  blood  meets  with  no  other  surfaces 
in  its  circulation  than  those  of  the  smooth  endothelium  of  its  vessels.  It  is 
a  law  of  physiology  that  when  normal  blood  passes  with  normal  rapidity 
through  normal  vessels  coagulation  cannot  take  place.  In  diseased  states  any 
of  these  three  conditions  may  be  destroyed,  so  that  thrombosis  may  result 
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from  changes  in  the  blood,  changes  in  the  vessel,  or  changes  in  the  rate  of 
circulation. 

1.  Changes  in  the  Blood. — {a)  The  accidental  or  experimental  introduc- 
tion of  certain  chemical  and  physical  substances  into  the  blood,  by  injuring 
the  corpuscles  and  so  liberating  the  fibrin  ferments,  may  occasion  thrombosis. 
Among  the  substances  capable  of  doing  this  are  alcohol,  ether  and  chloro- 
form, thymus  extract,  and  heterogeneous  blood  serums. 

{b)  The  occasional  accidental  entrance  of  pus,  cancer  cells,  etc.,  may 
bring  about  thrombosis. 

(/)  The  metabolic  product  of  certain  micro-organisms  seem  to  be  power- 
ful iibrin  ferments;  among  these  may  be  mentioned  especially  those  of 
pneumonia  and  diphtheria. 

((f)  Extensive  burns,  possibly  by  the  loss  of  fluid  from  the  blood,  are  oc- 
casionally followed  by  thrombosis. 

2.  Changes  in  the  Vessels. — Diseases  leading  to  thickening,  and  roughen- 
ing of  the  intima  with  deposition  of  calcareous  salts  are  particularly  to  be 
mentioned,  and  of  these  arteriosclerosis  is  the  most  important.  Endocarditis 
with  calcification  produces  coagulation  of  the  blood  less  often  than  might  be 
imagined.  In  aneurysms  the  irregular  and  uneven  vessel  walls  almost  inva- 
riably predispose  to  thrombosis.  Inflammatory  changes  in  or  near  the  vessel 
walls,  with  resulting  changes  in  the  intima,  are  not  infrequently  followed  by 
thrombosis. 

Ligation  of  the  vessels,  which  causes  laceration  of  the  delicate  internal 
coat,  is  constantly  followed  by  thrombosis.  The  presence  of  one  thrombus 
in  a  vessel  always  tends  to  the  formatit)n  of  others,  extending  higher  and 
involving  new  portions  of  the  vessel.  Thus,  using  a  rather  common  exam- 
ple, if  a  thrombus  form  in  a  small  branch  of  the  internal  iliac  vein,  it  may 
gradually  extend  to  the  internal  iliac  vein  and  project  into  it.  A  new  throm- 
bus may  be  then  formed  within  the  larger  vein,  extending  to  the  junction  with 
the  external  iliac  vein,  which  in  its  turn  may  become  blocked,  and  a  con- 
tinued growth  of  the  thrombus,  extending  along  these  vessels,  may  continue 
down  the  leg,  producing  the  not  uncommon  disease  known  as  phlegmasia 
alba  do  I  ens  or  "milk  leg." 

3.  Changes  in  the  Speed  of  the  Circulation. — These  are  rather  fruitful 
sources  of  thrombosis.  The  thrombi  found  post  mortem  within  the  heart 
and  great  vessels  are  probably  formed  during  the  death  agony  or  just  after 
death.  As  the  blood  current  slows  the  white  corpuscles  show  a  disposi- 
tion to  adhere  to  the  walls  of  the  vessels.  Blood  plaques  are  deposited 
upon  them  so  soon  as  the  leukocytes  cease  to  move,  and  the  resulting  mass, 
which  appears  hyaline  from  degeneration  of  the  plaques,  extends  into  the 
lumen  of  the  vessel.  Fibrin  is  almost  immediately  deposited  upon  this,  cor- 
puscles become  entangled  in  it,  and  soon  a  more  or  less  solid  mass  or  throm- 
bus is  formed.  The  thrombus  may  be  yellowish,  grayish,  or  red  according 
to  the  number  of  red  corpuscles  it  contains.  When  the  current  is  slowed 
the  nutrition  of  the  part  supplied  by  the  vessels  is  altered  and  the  chemistry 
of  the  blood  becomes  changed,  this  variation  from  the  normal  itself  tending 
toward  thrombosis. 

Structure  and  Variety  of  Thrombi. — Thrombi  are  usually  composed 
of  superimposed  layers  of  fibrin,  entangling  a  variable  number  of  red  and 
white  corpuscles.  They  are  commonly  distinctly  laminated  or  stratified  upon 
naked-eye  examination,  the  lamina  sometimes  varying  considerably  in  color 
and  thickness.  The  longer  the  thrombus  remains  within  the  body  the  firmer 
and  dryer  it  becomes  and  the  more  closely  it  adheres  to  the  vessel  walls. 
The  coagula  formed  in  the  heart  and  great  vessels  after  death  are  dark-red 
masses  of  soft,  jelly-like  consistence,  not  adherent,  and  aptly  described  as 
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\\k&"  currant  jelly.' ^  They  are  either  uniform  in  structure  or  the  fibrin 
and  corpuscles  are  found  to  occupy  different  levels,  so  that  the  upper  part  of 
the  clot  is  of  a  pale  yellowish  color,  containing  only  fibrin  and  leukocytes, 
and  said  to  resemble  "  chicken  fat,"  while  the  lower  part  resembles  currant 
jelly.  Such  mixed  clots  are  formed  slowly  after  death.  When  the  coagula- 
tion has  been  ante  mortem,  the  fibrinous  mass  is  quite  adherent  to  the 
columnae  carnae,  and  is  fibrillar,  sometimes  tough  and  firm,  sometimes  friable. 
The  older  the  thrombus  the  paler  and  more  brittle  it  becomes.  Fresh 
thrombi  are  firm  and  elastic.  Certain  hyaline  thrombi  are  thought  to  depend 
upon  agglutinated  erythrocytes  without  the  formation  of  fibrin. 


Fig.  34.- 


-Heart  with  intraventricular  and  intra-auricular  thrombi, 
museum  of  the  Philadelphia  Hospital. 


From  a  specimen  in  the 


Classification  of  Thrombi. — i.  According  to  their  Etiology. — {a) 

Infectious  thrombi.  These  depend  upon  bacteria  which  have  gained  entrance 
into  the  circulation  through  wounds,  ulcers,  etc.  Such  thrombi  are  apt  to 
occur  in  the  intestinal  vein  in  dysentery,  and  by  extending  and  distributing 
themselves  may  bring  about  metastatic  abscesses  and  pyemia. 

(J>)  Mechanical  thrombi.     These  forms  have  already  been  described. 

2.  According  to  the  Period  of  their  Formation. — {a)  Frimaty  or  initial 
thrombi,  and 

(1^)  Secondary  or  consequential  thrombi,  which  depend  upon  a  preexisting 
thrombus. 
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3-  According  to  their  Morphology. — id)  Central,  occluding,  or  obstruct- 
ing thrombi,  which  are  formed  by  the  conversion  into  a  thrombus  of  the 
entire  blood  mass  contained  within  a  certain  portion  of  a  vessel.  Such 
thrombi  follow  the  application  of  a  ligature  to  a  vessel,  and  usually  extend 
from  the  seat  of  ligation  to  the  first  collateral  branch. 

(Ji)  Parietal  thrombi  which  are  attached  to  the  wall  of  the  vessel,  and  con- 
sist of  successive  layers  of  fibrin  and  corpuscles.  They  do  not  obstruct  the 
vessel,  or  do  so  only  partly,  the  circulation  continuing  around  or  through 
them.  They  are  most  commonly  seen  in  aneurysms ;  their  structure  is  dis- 
tinctly laminated. 

(J)  Valvular  thrombi  are  parietal  thrombi  that  take  the  form  of  one  of 
the  valves  seen  in  the  veins.  They  are  in  reality  simply  parietal  thrombi 
that  have  become  partially  detached  from  the  vessel  wall. 

(^)  Channelled  or  tunnelled  thrombi  are  of  annular  form,  leaving  but 
a  small  channel  in  the  center,  through  which  the  circulation  continues.  The 
circulation  of  the  blood  through  a  thrombus  in  this  way  is  not  always  due  to 
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Fig.  35. — Central  or  occluding  thrombus  (Orth). 

the  original  form  of  a  thrombus,  but  may  be  the  result  of  subsequent  cavern- 
ous changes  in  old  thrombi. 

(^)  £all  thrombi  are  rounded  thrombi  that  occur  in  the  chambers  of  the 
heart,  chiefly  in  the  auricular  appendages.  They  vary  in  size  from  a  pea  to 
a  hen's  egg,  and  may  be  quite  loosely  attached  to  the  auricular  wall. 

(/)  Polypoid  thrombi  are  ball  thrombi  with  pedicles. 

Metamorphoses  of  Thrombi. — i.  Organization. — By  the  organiza- 
tion of  a  thrombus  is  meant  its  replacement  by  fibroconnective  tissue.  It  is  not 
the  transformation  of  the  thrombus  into  connective  tissue.  The  exact  nature 
of  the  process  will  be  better  understood  after  the  phenomena  of  inflamma- 
tion and  cicatrization  have  been  described.  The  new  connective  tissue  that 
takes  the  place  of  the  thrombus  is  an  outgrowth  of  the  intima  of  the  blood 
vessel,  whose  endothelial  cells  multiply,  impinge  upon  and  peiietrate  the  clot^ 
and  gradually  develop  into  fibrillar  tissue.  As  this  is  taking  place  the  original 
substance  of  the  thrombus  slowly  disappears,  partly  by  absorption  and  partly 
through  the  agency  of  leukocytes,  which  by  their  phagocytic  action  remove 
particle  by  particle  the  detritus  of  broken  down  corpuscles,  and  partially  soft- 
ened fibrin.    The  new  connective  tissue  is  gradually  vascularized  as  its  forma- 
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tion  is  perfected  by  newly  formed  capillary  vessels  that  extend  into  it  from 
the  vasa  vasorum.  Ultimately  the  coagulum  entirely  disappears  and  a  solid 
connective  tissue  cylinder  replaces  the  original  vessel.  The  occlusion  is  not 
permanent  in  all  cases,  but  after  a  time  becomes  channelled,  so  that  the  cir- 
culation may  be  re-established,  at  first  through  the  very  small  channels,  later 
through  larger  ones,  in  what  seemed  destined  to  remain  a  solid  tissue.  These 
reactive  changes  are  commonly  spoken  of  as  thrombo-arteritis  or  thrombo- 
phlebitis. 

2.  Liquefaction  or  Softening  of  Thrombi. — This  is  a  retrogressive  change. 
While  the  endothelial  cells  of  the  intima  are  beginning  to  encroach  upon 
and  penetrate  the  coagulum,  its  interior  undergoes  rapid  destruction,  so 
that  the  central  part  softens  and  becomes  semi-fluid  or  even  fluid.  The  blood 
pigment  that  may  have  been  present  is  liberated,  and  imparts  a  reddish  color 
to  the  softened  mass.  When  examined  microscopically  the  softened  material 
is  found  to  consist  of  granular  matter  with  a  few  leukocytes.  Occasionally 
the  leukocytes  are  so  numerous  that  the  softened  mass  has  a  creamy  appear- 
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Fig.  36. — Pylethrombophlebitis  mycotica — mycotic,  purulent,  embolic  thrombosis,  and 
inflammation  of  the  wall  of  the  portal  vein  :  i.  Wall  of  the  branch  of  the  portal  vein  with 
inflammatory  infiltration;  2,  liver  tissue;  3,  zone  of  necrosis;  4,  pus;  5,  groups  of  bacteria. 

ance.  It  was  formerly  thought  that  thrombi  of  this  kind  had  suppurated. 
Of  course,  there  may  be  infected  thrombi,  but  thrombi  presenting  this  creamy 
appearance  are  found  by  bacteriologic  examination  to  be  sterile,  and  the  micro- 
scope shows  the  creamy  substance  to  be  molecular  detritus  without  pus  corpus- 
cles. Softening  is  particularly  marked  in  thrombi  of  the  heart,  possibly  from 
the  natural  maceration  favored  by  the  surrounding  blood.  It  is  said  that  the 
softening  of  the  thrombus  is  favored  by  febrile  conditions.  In  the  process 
of  softening  rupture  may  occur  and  the  softened  contents  of  the  mass  escape 
into  the  blood.  At  other  times  fragments  of  the  thrombus  itself  become 
detached  and  enter  the  circulation.  As  these  circulating  particles  in  their 
passage  reach  vessels  of  smaller  and  smaller  caliber,  there  is  always  danger 
that  at  some  point  of  bifurcation  the  vessel  will  become  too  small  to  admit 
them  and  that  they  will  lodge  and  obstruct  the  circulation.  Such  a  plug  is 
known  as  an  embolus. 

3.  Calcification  of  thrombi  is  common,  especially  in  small  venous  thrombi, 
and  leads  to  the  formation  oi  fhleboliths  and  arterioliths  {q.  v.). 
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EMBOLISM. 

Embolism  is  intravascular  obstruction  from  the  lodgement  of  a  solid  body. 
Any  circulating  body  is  an  embolus. 

Etiologfy. — Among  the  more  frequent  emboli  are  scraps  of  thrombi, 
detached  vegetations  from  diseased  valves  of  the  heart,  clusters  of  micro- 
organisms, groups  of  cancer  cells,  globules  of  oil,  and  air. 

Seats  of  Occurrence. — The  process  may  occur  in  the  systemic  pulmon- 
ary or  portal  circulation,  either  in  the  larger  vessels  or  in  the  capillaries.  As 
a  rule,  embolism  occurs  in  the  smaller  arteries,  some  of  which,  from  their 
position,  seem  particularly  predisposed  to  it.  Thus,  it  is  more  common  in 
the  left  carotid  artery  than  the  right,  the  left  iliac  than  the  right,  and  the 
right  pulmonary  than  the  left.  The  superior  and  inferior  mesenteric  arteries 
are  practically  exempt.     In  the  brain,  where  they.are  rather  common,  emboli 


Fig.  37.- 


-Infectious  embolism  of  the  kidney  following  endocarditis  and  showing  groups  of 
staphylococci  in  a  glomerulus  (Diirck). 


usually  follow  the  middle  cerebral  artery,  and  are  particularly  prone  to  lodge 
in  the  artery  of  the  corpus  striatum. 

Varieties  of  Emboli. — Emboli  are  described  as  mechanical  or  simple 
emboli,  and  specific  ox  infectious  emboli.  Of  the  two,  the  infectious-emboli  are 
the  more  damaging,  containing  as  they  do  bacteria,  whose  entrance  into  the 
tissues  commonly  causes  suppuration. 

Results  of  Embolism. — i.  Thrombosis. — Embohsm  is  invariably  fol- 
lowed by  thrombosis,  probably  both  in  the  proximal  and  distal  portions  of 
the  vessel,  as  far  as  the  collateral  circulation.  The  cause  of  this  thrombosis 
is  evident :  the  circulation  is  stopped,  the  wall  of  the  vessel  impinged  upon 
by  a  foreign  body,  and  the  stagnated  blood  changed  in  composition.  The 
embolus  may  be  inconspicuous  in  size  in  comparison  with  the  secondary 
thrombosis  that  it  causes,  and  be  so  surrounded  by  the  thrombus  as  to  be 
found  with  difficulty. 

2.  Inflammation  of  the  Vessel. — Inasmuch  as  the  embolus  is  an  injurious 
foreign  body,  inflammation  of  the  vessel  walls  is  apt  to  be  the  outcome  of  its 
lodgement. 
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3.  Interruption  of  the  Circulation. — The  interruption  of  the  circulation 
will  vary  in  effect  according  to  the  size  of  the  vessel  obstructed,  the  degree 
of  obstruction  as  controlled  by  collateral  circulation,  and  the  facility  with 
which  the  collateral  circulation  can  be  set  up. 

(a)  Gangrene. — If  the  principal  artery  of  the  limb  be  obstructed  in  such 
a  way  that  adequate  collateral  circulation  of  the  limb  itself  or  of  the  fingers 

or  toes  cannot  be  set  up,  gangrene 
will  result. 

{b')  Necrosis.  —  Necrosis  occurs 
chiefly  in  the  internal '  organs  when 
portions  of  them  are  robbed  of 
nourishment  that  cannot  be  derived 
from  other  sources. 

(c)  Atrophy.  —  It  occasionally 
happens  that  when  an  artery  is  ob- 
structed anastomoses  form  sufficient 
to  maintain  the  vitality  of  the  part, 
but  insufficient  to  maintain  its  nor- 
mal integrity.  Atrophy  consequently 
results. 

((/)  Aneurysmal  Dilatations.  — 
These  are  rare  as  the  result  of  em- 
bolism, and  are  usually  to  be  seen  in 
the  cerebral  arteries. 

((?)  Infarction. — In  its  broad  sense 
infarction  means  obstruction.  In  the 
sense  here  employed  it  refers  to  the 
circulatory  disturbances  caused  by  the 
obstruction — that  is,  the  formation  of 
infarcts.  An  infarct  is  a  tissue  area 
whose  nutrition  is  prevented  by  em- 
bolic obstruction  of  its  vessel.  In- 
farcts may  be  described  as  anemic  and 
hemorrhagic.  An  anemic  infarct  or 
white  infarct  is  a  bloodless  tissue  area 
resulting  from  embolic  obstruction. 
A  hemorrhagic  infarct  is  a  blood-sat- 
uration area  of  embolic  obstruction. 
Infarction  takes  place  only  in  organs- 
in  which  there  are  end-arteries — that 
is,  arteries  terminating  in  veins,  with- 
out anastomoses  with  other  arteries. 
Anemic  infarction  results  in  the  for- 
mation of  a  pale  grayish  or  yellowish 
conical-shaped  area  of  necrotic  tissue. 
It  is  simple  in  formation  and  easily 
understood. 

Hemorrhagic  infarction  is  rather, 
complicated.  The  immediate  result  of  the  arterial  plugging  may  be  anemia 
in  its  distribution;  but  later  the  tissue  becomes  engorged  with  blood  from 
one  or  the  other  of  several  sources.  .  Cohnheim  was  of  the  opinion  that  the 
blood  regurgitated  into  the  infarcted  area  from  the  veins.  Others  think  that 
the  end-arteries  have  anastomoses,  with -minute  vessels  near  their  termina- 
tion— for  example,  {■he  interlobular  arteries  of  the  kidneys  may  possibly  have 
anastomoses  with  small  vessels  descending  into  the  substance  of  the  organ. 


Fig.  38. — Thrombosis  of  the  aorta.  At  a 
a  large  embolus  is  lodged  at  the  beginning  of 
the  right  common  iliac  artery,  which  is  oc- 
cluded by  a  secondary  thrombus,  causing  gan- 
grene of  the  corresponding  extremity  and  ne- 
cessitating amputation.  The  embolus  was  a 
clot  from  a  heart-valve  the  seat  of  extensive 
inflammation  (Hektoen). 
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from  its  capsule — ^and  hold  that  the  capillary  engorgement  depends  upon  the 
entrance  of  blood  from  these  sources.  Still  others  hold  that  the  blood  does 
not  escape  from  the  obstructed  vessels  through  the  capillaries,  but  is  held  in 
place  by  the  embolus  until  anemia  or  degeneration  of  the  walls  of  the  vessel 
allow  it  to  escape  into  the  tissue.  Lastly,  it  is  thought  that  the  formation  of 
the  hemorrhagic  infarction  depends  upon  reflex  contraction  of  the  vessels  on 


Fig.  39. — Hemorrhagic  infarct  of  the  spleen.  The  infarct,  which  is  old  and  in  the  stage  of 
cicatricial  induration,  is  pale  and  homogeneous.  It  is  distinctly  encapsulated  by  newly  formed 
connective  tissue,  within  which  is  a  dark  hne  of  hemosiderin  pigmentation.  The  vessel  with 
the  organized  thrombus  is  well  shown  at  a.     Magnification,  four  times  normal. 

the  proximal  side  of  the  embolus,  so  that  an  excess  of  blood  is  forced  into 
the  adjacent  capillaries,  which  rupture. 

The  engorgement  in  the  infarcted  area  is  an  interstitial  hemorrhage, 
resulting  from  the  escape  of  the  blood  through  the  injured  or  diseased  vessel 
walls.  In  its  early  stages  the  infarct  is  dark  red,  its  substance  friable  or 
mushy.     Retrogressive  changes  soon  set  in.     The  neighboring  healthy  tissue 


Fig.  40. — Fat  embolism  of  the  lung  after  fracture  of  the  femur.     The  fat  globules  arid  masses, 
stained  black  with  osmic  acid,  lie  in  the  capillaries  of  the  lung.     X  150  (Hektoen). 

then  resents  the  contact  of  the  infarcted  area  and  a  zone  of  inflammatory , 
hyperemia  develops  about  it.  As  the  degenerative  changes  take  place  within 
the  infarction  itself,  a  productive  proliferation  of  connective  tissue  takes 
place  on  the  outside,  so  that  in  a  short  time  the  diseased  area  is  walled  off 
from  the  healthy  tissue  by  a  connective-tissue  rind.  As  time  passes  on  the 
dark-red  color  of  the  infarcted  tissue  becomes  paler  by  the  removal  of  the 
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blood  pigment,  and  a  grayish  solid  mass  remains.  It  is  structureless  to  the 
naked  eye,  and  on  microscopic  examination  seems  to  be  made  up  of  a 
molecular  debris  consisting  of  destroyed  blood  corpuscles,  fibrin  masses, 
occasional  fibers  and  remnants  of  cells  of  the  tissue  in  which  the  infarc- 
tion took  place.  Degeneration  progresses,  and  in  the  course  of  time  the 
absorption  of  the  detritus  leaves  nothing  but  the  fibroconnective-tissue 
envelope,  firmly  contracted  into  a  cicatrix,  which  draws  upon  the  surface  of 
the  organ  so  as  to  produce  a  distinct  pucker,  at  the  bottom  of  which  a  some- 
what stellate  scar  is  visible.  Sometimes  calcareous  deposits  take  place  in 
the  necrotic  tissue,  forming  stony  masses  in  the  organ  or  upon  its  surface. 
Should  the  embolus  be  infectious,  abscess  formation  instead  of  infarction  may 
occur. 

Fat  Emboli. — These  usually  occur  after  fracture  of  the  shaft  of  the  long 
bone,  with  rupture  or  laceration  of  the  blood  vessels,  by  which  fat  globules 
enter  the   circulation.      The   fatty  globules  are   unable  to  find   their  way 


Fig.  41. — Embolism  of  pigmented  sarcoma  cells  into  capillaries  of  the  liver.  The  intra- 
liepatic  capillaries  are  filled  to  distention  with  spindle-shaped  cells  containing  brown  granular 
pigment.  The  liver  was  uniformly  brownish  black,  and  enlarged  to  many  times  its  normal 
size  on  account  of  this  diffuse  infiltration  with  tumor  cells.  The  primary  tumor  was  a  melano- 
sarcoma  of  the  eye.     Miiller's  fluid,  celloidin,  hematoxylin,  and  eosin.     X  2500  (Hektoen.) 

with  equal  facility  through  the  small  vessels,  and  in  consequence  plug  them. 
Fatty  emboli  usually  lodge  in  the  lung. 

Air  Emboli. — The  entrance  of  air  into  the  circulation  is  usually  regarded 
as  extremely  dangerous.  The  air  globules  seem  to  be  absorbed  with  slow- 
ness, and  are  capable  of  obstructing  the  capillaries  in  which  they  lodge. 
The  entrance  of  globules  of  air  into  the  right  ventricle  of  the  heart  seenis  to 
embarrass  the  movements  of  that  viscus,  which  is  not  always  able  to  dis- 
charge the  air  with  the  blood.  The  collection  of  any  quantity  of  air  in  the 
heart  is  fatal.  The  injection  of  i  c.c.  of  air  into  the  ear  vein  of  a  rabbit 
is  sometimes  followed  by  instant  death.  The  injection  of  air  beneath  the 
skin  is  without  danger. 

Pigment  emboli  are  occasionally  seen  in  the  melanemia  of  intermittent 
fever.  The  blood  contains  numerous  granules  of  pigment,  formed  by  the 
parasite  from  the  blood  corpuscle  upon  which  it  preys.  With  the  sporulation 
of  the  parasite  the  pigment  granules  are  set  free,  and,  clustering  together, 
form  sufficiently  large  masses  to  collect  in  the  capillary  vessels. 

Anthracotic  embolism  occurs  in  advanced  cases  of  anthracosis,  where  the 
accumulation  of  coal  particles  in  the  bronchial  lymphatic  glands  finds  its 
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way  by  ulceration  into  the  venous  system,  thus  being  distributed.  The 
blackish  deposits  resulting  from  the  distribution  of  the  coal  dust  are  found 
in  the  liver,  kidneys,  spleen,  brain,  etc. 

Micro-organismal  emboli  are  frequently  observed  in  the  infectious  dis- 
eases, and  are  formed  by  the  entrance  of  bacteria  into  the  circulation, 
usually  through  the  venous  system.  They  are  of  interest  only  when  they 
bring  about  suppuration  or  necrosis. 

Parasitic  Emboli  are  very  unusual.  There  is,  however,  a  certain  worm, 
the  Strongvlus  armatus,  which,  entering  the  circulation  of  the  horse,  finds 
its  way  to  the  mesenteric  artery,  and  by  lodging  in  it  sometimes  causes  the 
formation  of  a  small  aneurism.     This  worm  does  not  occur  in  man. 


CHAPTER    V. 
CHARACTERISTICS  OF  CELL  LIFE. 

THE  CELL. 

The  cell  is  the  element  of  vital  organization.  Living  beings  may  consist 
of  one  or  many  cells  (^protozoa,  metazod).  Every  perfect  being  with  its 
elaborated  tissues  and  organs  is  the  consummation  of  cellular  energy ;  and 
every  organ  and  tissue,  whether  in  health  or  disease,  consists  of  cells  or 
their  derivatives.  Indeed,  no  matter  how  complex  its  parts  or  multitudinous 
its  elements,  the  entire  organism  springs  from  a  single  cell,  the  ovum.  The 
life  of  an  organism  is  but  the  sum  of  the  activities  manifested  by  its  cells. 
When  the  cellular  manifestations  progress  so  as  to  maintain  a  regular  equi- 
librium, the  resulting  condition  is  described  as  health.  Should  any  of  the 
activities  preponderate  over  others,  or  some  cease  while  others  continue,  a 
variation  from  the  normal  condition  must  occur,  this  variation  constituting 
what  we  call  disease.  When  the  cellular  activities  entirely  cease,  death  is 
inevitable.     No  wonder  that  Virchow  called  the  cell  the  "unit  of  life  !" 

To  the  pathologist,  therefore,  the  entire  organism  consists  of  an  enormous 
highly  specialized  cellular  community,  whose  individuals  are  all  of  interest 
because  of  the  peculiar  interdependence  in  which  they  exist,  and  the  con- 
structive and  destructive  activities  which  they  manifest.  Nothing  can  be 
hoped  from  any  study  of  diseased  conditions  that  does  not  first  consider  the 
cellular  changes. 

As  has  already  been  pointed  out,  the  perfected  animal  body  develops 
from  a  single  cell,  and  in  its  developmental  stages  every  tissue  is  cellular. 
It  is,  however,  an  error  to  look  upon  one  of  the  higher  animals  as  consisting 
of  an  aggregation  of  cells,  or  as  someone  has  facetiously  expressed  it,  "a 
mountain  of  amebse."  The  completely  formed  organism  has  in  large  part 
ceased  to  be  cellular  and  is  formed  of  tissues,  of  which  some,  like  the  crys- 
talline lens,  are  entirely  without  cells,  others,  like  bone,  tendon,  and  carti- 
lage, relatively  poor  in  cells,  and  a  few,  such  as  the  liver  and  spleen,  prin- 
cipally made  up  of  cells. 

The  non-cellular  portions  of  the  tissue  are  described  as  intercellular  sub- 
stance, and  are  all  cell  derivatives,  not  metabolic,  and  exhibiting  no 
phenomena  of  life.  Taken  by  themselves,  the  lamella  of  the  bones,  the 
fibers  of  yellow  elastic  and  areolar  tissue,  and  the  liquor  sanguinis  are  prac- 
tically without  life,  but  the  integrity  of  them  all  depends  upon  the  life  and 
health  of  the  cells  of  the  tissue  to  which  they  belong. 

Simple  as  the  structure  of  the  cell  may  appear  at  the  first  glance,  it  is  in 
reality  very  complex.  Ordinarily  a  cell  is  a  small  nucleated  protoplasmic 
mass.  Enclosing  certain  cells  we  find  a  thin,  delicate  membrane  or  capsule, 
sometimes  consisting  of  an  actual  rind,  sometimes  being  nothing  more  than 
'a  condensation  of  the  outer  layers  of  the  cytoplasm.  This  envelope  is 
described  as  the  cell  wall,  or  if  about  an  ovum  as  the  zona  pellucida.  When 
not  forming  a  distinct  envelope,  but  constituting  an  induration  of  the  proto- 
plasm, it  is  better  described  as  an  ectosarc.  Comparatively  few  cells  possess 
distinct  walls.     All  of  the  substance  circumscribed  by  the  cell  wall  is  known 
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as  cell  contents,  the  greater  part  being  a  granular,  jelly-like  substance,  the 
protoplasm  or  cytoplasm. 

Careful  examination  shows  the  cytoplasm  to  be  divided  into  a  granular 
part,  or  spongioplasm,  forming  the  central  mass,  and  a  homogeneous  substance 
called  hyaloplasm,  best  seen  where  it  forms  the  ectosarc.  The  granules  of 
the  spongioplasm  are  called  microsomes. 

The  true  structure  of  cytoplasm  is  not  comprehended  by  the  terms  spon- 
gioplasm and  hyaloplasm.  Frohman  thought  he  made  out  the  existence  of  a 
spongy  framework,  and  suggested  that  the  spongioplasm  formed  a  reticulum 
which  floated  in  the  hyaloplasm.  Biitschli  believed  the  true  structure  to  be 
a  chambered  or  honeycomb  arrangement.  Flemming  thought  he  found  a 
distinct  filamentous  arrangement  of  mitome  and  paramitome. 

The  usually'  accepted  view  of  cytoplasmic  structure  is  that  it  is  a  granular 
jelly.     Altman,  who  holds  this  view,  goes  to  a  possible  extreme  in  looking 
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Fig.  42. — Diagram  of  a  cell. 


upon  the  granules  as  the  essential  vital  elements,  to  which  he  gives  the  name 
bioblasts.     The  bioblasts  are  identical  with  the  microsomes  above  mentioned. 

To  the  eye  cytoplasm  appears  as  a  semi-fluid,  adhesive,  colorless,  strongly 
refracting,  jelly-like  mass.  It  does  not  mix  with  water,  is  alkaline  in  reac- 
tion, and  is  probably  composed  chemically  of  C,jHj<^Ni8SOj3.  The  charac- 
teristic of  cytoplasm  is  the  presence  of  a  large  amount  of  plastin. 

Among  the  cytoplasmic  granules  some  have  an  affinity  for  eosin,  the 
eosinophilic  granules ;  others  have  an  affinity  for  methylen-blue,  gentian- 
violet,  etc. ,  the  basophilic  granules ;  and  still  others  an  affinity  for  hematox- 
ylin, the  neutrophilic  granules.  Within  the  cytoplasm  it  is  not  uncommon 
to  find  granules  of  matter  not  belonging  to  the  cell,  but  temporarily  con- 
tained within  it ;  these  are  called  deuteroplasm.  Among  the  granules  of  the 
deuteroplasm,  those  of  fat  and  glycogen  are  common  in  the  cells  of  the 
liver.  Some  of  the  deuteroplasmic  granules  seem  to  consist  of,  substances 
absorbed  by  the  cytoplasm,  others  of  substances  elaborated  by  it. 
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Every  cell  is  provided  with  a  "circulating  albumin"  apart  from  its 
cytoplasm,  but  circulating  vi^ithin  it  and  carrying  nutriment  to  all  its  parts. 

Every  vital  functional  cell  contains  a  nucleus.  This  is  a  small  cell-like 
body  within  the  cell.  It  consists  of  a  structureless  surrounding  nuclear 
membrane,  nuclear  substance,  and  niulear  juice.  The  nucleus  is  usually 
spherical  or  ovoid  in  shape,  and  is  not  variable,  the  nuclei  of  healthy  cells 
of  the  same  kind  being  almost  exactly  alike.  The  nuclei  of  a  few  cells,  as 
the  polymorphonuclear  leukocytes,  on  the  other  hand,  are  characterized  by 


Fig,  43. — Nuclei  of  various  shapes,  some  vesicular,  some  branched,  some  dendritic  (Mayer). 

extreme  irregularity,  sometimes  appearing  club-shaped,  sometimes  horseshoe- 
shaped,  and  sometimes  distinctly  lobulated.  There  are  also  peculiar  branched 
nuclei  in  some  of  the  cells  of  the  lower  animals.  The  nucleus  usually  occu- 
pies a  slightly  eccentric  position  in  the  cell,  but  may  at  times  be  at  the 
center.  It  seems  to  be  movable,  and  in  pathologic  conditions  seems  to 
occupy  the  part  of  the  cell  whose  nutrition  is  best' — i.  e.,  the  peripheral  part, 
as  in  the  giant  cells  of  tubercle. 

The  nuclear  substance  or  karyomitome  consists  of  a  fibrillar  material. 


Fir,.  44. — Changes  in  the  nucleus  caused  by  activities  preliminary  to  karyokinesis ;  a.  Rest- 
ing nucleus  of  spermatoblast  of  Asiaris  megalocephalus ;  b,  similar  nucleus  from  the  growing 
or  active  cell ;  c,  resting  cell  from  developmental  zone ;  d,  some  cell  preparing  for  division. 

forming  a  coarse  network,  which  generally  can  be  seen  in  stained  specimens. 
Karyomitome  is  probably  complex  in  structure  or  variable  in  composition,  as 
certain  parts  of  it  having  an  affinity  for  the  nuclear  stains  are  described  as 
nuclein  or  chromatin.  This  is  a  substance  with  a  pronounced  affinity  for  alka- 
line dyes,  such  as  borax  and  lithium-carmin  and  hematoxylin  solutions.  It 
swells  in  water  and  in  feebly  alkaline  solutions,  and  is  dissolved  in  strong 
solutions  of  NaCl,  MgS04+  7H,0,  K,HPO„  also  in  HCl,  KFeCy^,  and  C,H,0, ; 
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it  is  digested  by  trypsin.  Nuclein  always  contains  considerable  (about  3  per 
cent. )  phosphoric  acid,  usually  combined  with  some  of  the  albumins  so  as  to 
form  nucleinic  acid.  Some  chromatin  is  present  in  every  nucleus,  but  the 
quantity  varies,  being  relatively  greater  in  the  nuclei  of  lymphoid  than  in 
those  of  epithelial  tissues.  The  arrangement  of  the  chromatin  in  the 
nucleus  varies :  sometimes  it  appears  granular,  sometimes  reticulated,  some- 
times filamentous.  By  linin  or  achromatin  is  meant  the  nuclear  filament- 
ous substance  that  cannot  be  stained. 

The  nuclear  juice  is  called  karyoplasm ;  it  is  a  homogeneous  jelly,  about 
which  nothing  is  known.  It  is  frequently  precipitated  by  fixing-reagents, 
the  granules  thus  formed  being  known  as  paralinin. 

The  nucleolus  is  a  more  or  less  distinct,  in  some  cases  (the  ovum)  circum- 
scribed, body  within  the.  nucleus,  which  consists  principally  of  a  substance 
known  as  paranuclein  or  pyrenin,  some  of  which  exists  in  every  nucleus. 

Exactly  what  the  nucleolus  is  has  not  yet  been  determined.  No  doubt 
the  germinal  spot  of  the  ovum  and  the  nucleoli  of  nerve  cells  are  distinct, 


Fig.  45. — Conjugation  of  paramoecium 
showing  the  interchange  of  nuclear  sub- 
stance (R.  Hertwig). 


Fic;.  46. — Leukocyte  of  a  salamander 
larva  showing  the  centrosome  surrounded 
by  a  radiating  attraction  sphere  (Flem- 
ming). 


definite  bodies,  but,  in  the  majority  of  cells,  what  are  called  nucleoli  are  in 
part  nuclein  or  chromatin  bodies  and  in  part  linin  bodies.  At  times  the 
appearance  called  nucleolus  may  be  nothing  more  than  the  point  at  which 
chromatin  fibers  cross  one  another. 

Paranuclein  colors  best  with  acid  stains,  and  has  none  of  the  chemical 
peculiarities  described  for  nuclein. 

The  nuclear  membrane,  whose  existence  Hertwig  has  demonstrated,  con- 
sists of  a  substance  known  as  amphipy renin. 

As  a  rule,  each  cell  contains  a  single  nucleus,  though  a  few"  cells,  like 
those  of  the  liver,  frequently  contain  two.  Pathologic  cells,  like  the  giant 
cells  of  tubercle  or  sarcoma,  may  contain  hundreds  of  nuclei.  The  size  of 
the  nucleus  is  usually  proportionate  to  that  of  the  cell,  though  in  epithelial 
cells  the  nuclei  are  proportionally  much  smaller  than  in  lymphoid  cells.  The 
eggs  of  some  of  the  snakes  and  amphibians  have  very  large  nuclei. 

Cornil  arid  others  have  described  a  small  body,  or  paranucleus,  as 
present  in  certain  cells.  It  forms  a  somewhat  indistinct  mass,  rarely 
definitely  outlined,  generally  occupying  the  cytoplasm  opposite  the  posi- 
tion of  the  nucleus.     The   significance  of  this  body  is  somewhat  uncer- 
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tain.  By  some  it  is  looked  upon  as  a  kind  of  nuclear  excrement.  Among 
the  infusoria  it  appears  to  be  an  important  organ  in  cellular  conjugation  and 
reproduction. 

Many  cells,  especially  the  ovules  of  different  animals,  contain  small 
spherical  bodies  known  as  centrosomes,  which  play  an  important  role  in 
cellular  division,  but  which  are  not  yet  fully  understood.  The  centrosome 
sometimes  occupies  a  central  position,  sometimes  a  polar  position,  in  the 
cell.  Sometimes  the  centrosome  is  surrounded  by  a  finely  granular  area 
called  an  attraction  sphere. 

To  be  a  true  cell  in  the  anatomic  sense,  two  parts,  the  cytoplasm  and  the 
nucleus,  must  be  present.  Cells,  such  as  the  red  bloo4  corpuscles,  without 
nuclei  are  to  be  looked  upon  as  cell  derivatives  no  longer  able  to  manifest 
the  essential  properties  of  life. 

The  size  of  the  cell  is  subject  to  great  variation,  the  causes  which  govern 
the  size  not  being  known.  It  has  been  sujggested  that  the  cause  is  physical, 
it  being  a  well-known  fact  that  as  spheres  increase  in  size  the  increase  of  the 
contents  is  vastly  out  of  proportion  to  the  increase  of  surface,  so  that  there 
must  come  a  time  when  it  would  be  impossible  for  the  surface  to  absorb  suf- 
ficient nourishment  to  support  the  interior.  While  this  is  no  doubt  true  as 
an  explanation  why  cells  must  always  remain  small,  it  does  not  explain  why 
some  should  be  smaller  than  others.  Thus,  the  leukocytes  are  quite  small 
cells,  while  the  ovum  and  the  corpuscles  of  Purkinje  in  the  cerebellum  are 
enormous  cells  visible  to  the  naked  eye,  and  the  cells  of  the  striated  muscles 
are  sometimes  an  inch  long.  Motility  may  have  something  to  do  with  it,  as 
may  also  the  amount  of  work  performed  by  the  cell.  Those  which  move 
rapidly,  like  the  leukocytes,  are  small ;  those  which  functionate  actively  are 
also  small. 

The  shape  of  a  cell  depends  partly  upon  its  environment,  partly  upon  its 
specialization.  The  ovum  and  the  great  majority  of  embryonal  cells  are 
spherical,  hence  this  shape  is  supposed  to  indicate  the  primitive  condition. 
As  resting  amebse  are  commonly  spherical,  sphericity  is  supposed  to  indicate 
inactivity  of  the  cell.  Certain  cells  are  obliged  to  accommodate  themselves 
to  the  interstices  of  the  tissue,  and  become  elongate,  stellate,  fusiform,  or 
cuboidal  accordingly.  When  many  cells  are  so  crowded  together  as  to  press 
upon  one  another  they  may  be  polyhedral,  a  section  passing  through  them 
giving  each  the  appearance  of  a  minute  hexagon.  The  shape  of  the  cell  is 
also  considerably  influenced  by  its  function.  Cells  designed  to  cover  sur- 
faces are  often  flat  and  squamous  or  scale-like.  Upon  surfaces  exposed  to 
friction  the  cells  are  arranged  in  many  layers,  cells  upon  delicate  protected 
surfaces  free  from  all  possible  injurious  contacts  in  a  single  layer,  sometimes 
flat,  sometimes  cuboidal,  sometimes  columnar. 

In  the  higher  animals  cellular  movement  is  restricted,  the  performance 
of  specialized  functions  requiring  that  the  cells  of  the  organs  shall  be  fixed 
and  not  free  to  wander,  so  that  the  higher  their  specialization  becomes 
the  less  independent  become  the  cells  and  the  more  restricted  their  move- 
ments. It  is  not  always  specialization  that  restricts  movement,  however,  as 
the  cells  enclosed  in  the  lacunae  of  cartilage  and  bone  have  their  movements 
restricted  by  the  nature  of  their  environment,  although  of  lowly  special- 
ization. The  cells  of  the  blood  are  the  most  free  and  independent  of  the 
body's  cells,  those  of  the  connective  tissues  taking  second  place.  The  secre- 
tory cells  of  the  epithelial  glands,  the  covering  epithelial  cells,  and  the  nerve 
cells  are  probably  devoid  of  individual  movement.  Between  the  extremes 
mentioned  there  is  a  series  of  cells  whose  individuality,  motility,  and  inde- 
pendence become  less  and  less  as  their  specialization  becomes  more  and  more 
important. 
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There  are  two  forms  of  cellular  motility,  the  ameboid  movement  and  the 
ciliary  movement. 

Ameboid  movement  is  motile  power  similar  to  that  of  the  ameba.  It  con- 
sists in  a  flowing  of  the  protoplasmic  jelly,  by  which  numerous  rounded  pro- 
longations known  as  pseudopodia  form  on  the  surface  of  the  cell.  Ameboid 
cells  usually  present  a  number  of  pseudopods  of  various  lengths  extending  in 
different  directions.  They  consist  primarily  of  hyaloplasm,  but  no  sooner 
attain  a  length  equal  to  their  breadth  than  the  granules  of  the  spongioplasm 
may  be  seen  flowing  into  them.  The  inflowing  of  the  granular  cytoplasm 
causes  an  increase  in  the  size  and  length  of  the  pseudopod,  with  a  concomi- 
tant diminution  in  the  size  of  other  pseudopods.  If  the  cytoplasm  con- 
tinue to  flow  in  one  direction  the  pseudopod  grows  larger  and  larger,  extends 
smaller  pseudopods,  and  the  withdrawal  of  the  cytoplasm  from  its  original 


Fig.  47. — Amoeba  proteus  ;  n,  Nucleus ; 
£V,  contractile  vacuole ;  N,  nutrient  material 
in  process  of  digestion  ;  f,  pseudopod ;  en, 
endosarc ;  ei,  ectosarc  (from  R.  Hertwig). 


Fig.  48. — Stylonychia  mytilus :  va. 
Cilia  about  the  mouth  opening ;  c,  con' 
tractile  vacuole  ;  »,  nucleus  ;  «',  nu- 
cleus ;  u,  anus  (Clau's  Zoology). 


position  into  the  pseudopod  is  accompanied  by  some  movement  of  the  entire 
cell.  By  thus  extending  pseudopodia  into  which  the  cytoplasm  flows  from 
positions  originally  occupied,  the  cell  slowly  moves  here  or  there  as  attracted 
by  food  particles  or  other  forces. 

The  pseudopods  of  the  ameba  are  large  in  proportion  to  the  body  of  the 
cell,  and  form  blunt,  rounded,  club-like  projections.  Those  of  the  radiolaria 
are  elongate,  slender,  and  branched.  The  pseudopods  of  the  leukocytes 
and  of  other  body  cells  of  the  higher  animals  are  usually  short  and  blunt. 

Intracellular  circulation  of  the  cytoplasm  is  is  a  phenomenon  witnessed 
among  vegetable  cells  and  among  a  few  of  the  lowest  unicellular  forms  of 
animal  life.  It  is  not  observed  within  the  cells  of  the  higher  animals,  although 
it  probably  exists.  The  circulatory  movement  consists  of  a  very  slow  rotary 
movement  of  the  cell  fluids,  which  carry  some  or  all  of  the  granules  with 
them.  The  phenomenon  probably  has  something  to  do  with  the  nutrition  of 
the  cell. 
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Ciliary  movement  is  accomplished  by  certain  processes  of  the  cells  known 
as  cilia  or  flagella.  Cilia  are  short,  rigid,  bristle-like  projections ;  flagella 
longer,  waving,  hair-like  processes.  Two  forms  of  ciliary  movement  are 
observed :  in  one  the  cells  are  driven  onward  by  the  lashing  cilia ;  in  the 
other,  the  cells  being  fixed,  the  lashing  of  the  cilia  carries  onward  whatever 
fluids  or  minute  solids  come  in  contact  with  them.  Cilia  are  very  abundant 
among  the  unicellular  animals,  performing  all  sorts  of  functions  for  them. 
Thus,  in  the  Paramecium  or  slipper  animalcule  there  are  two  sets  of  cilia  of 
different  lengths,  one  consisting  of  short,  bristle-like  projections,  which  seem 
to  cover  the  entire  body  and  serve  the  purpose  of  locomotion  ;  the  other, 
situated  about  the  mouth-opening,  are  longer  and  direct  the  food  into  it. 

The  cilia  are  specialized  protoplasmic  prolongations  which  project  through 
minute  openings  in  the  cell  wall.     They  are  per- 
manent, and  not,  like  the  pseudopods,  susceptible 
of  projection  and  retraction  at  will. 

Of  the  cells  of  the  higher  animals,  the  sperma- 
tozoa are  almost  universally  provided  with  a  fla- 
gellum,  by  means  of  whose  lashings  the  cell  is  driven 
onward  to  the  ovum.  In  the  molluscs  cilia  are  of 
vast  importance  in  properly  circulating  the  fluids 
through  their  siphons,  while  in  the  higher  animals 
they  are  found  upon  the  epithelial  cells  of  the 
pharynx,  trachea,  Fallopian  tube,  vas  deferens,  etc. 
In  the  human  body  there  is  but  one  cell  propelled 


Fig.  49.— Human  spermatozoa  seen  from  two  dif-  Fig.  50.— Spermatozoon 

ferent  aspects  and  showing  the  peculiar  flattened  and  of  Salamandra  maculata :  k, 

excavated  head :  k.  Head ;  m,  body ;  s,  tail  or  flagellum  Head ;  m,  body ;  a,  undulat- 

(Hertwig).  ing  membrane  attached  to 

flagellum  or  tail  (Hertwig). 

by  a  flagellum,  the  spermatozoon.  All  the  other  ciliated  cells  are  fixed, 
the  cilia  directing  currents  of  fluid,  etc.  These  cells  usually  possess  a  number 
of  cilia  projecting  from  the  free  extremity.  The  movement  of  the  cilia  is 
regular,  undulatory,  and  always  in  the  same  direction,  the  cilia  of  neighbor- 
ing cells  moving  in  unison,  and  the  vibrations  occurring  many  times  a  second. 
Ciliated  infusoria  seem  to  possess  the  power  of  regulating  the  movements  of 
the  cilia  at  will,  and  in  cases  of  cellular  conjugation  the  cilia  of  the  con- 
joined individuals  move  synchronously. 

Nutrition  of  the  Cells. — According  to  their  specialization  we  find  the  cells 
losing  more  and  more  the  manifestations  of  independent  existence.  Thus, 
certain  of  the  cells  perform  a  phenomenon,  common  among  free  unicellular 
animals,  called  phagocytosis,  and  exert  themselves  as  scavengers  of  the  tis- 
sues for  the  removal  of  bacteria  and  inert  and  effete  particles. 
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Phagocytosis,  a  phenomenon  of  ameboid  cells,  is  the  incorporation  of 
particles  of  solid  matter  by  the  cells.  It  is  commonly  observed  in  the  ameba, 
which,  for  purposes  of  nutrition,  constantly  takes  into  its  cytoplasm  minute 
plants,  such  as  bacteria,  diatomes,  desmids,  algae,  etc.,  and  by  its  enzymes 
dissolves  or  digests  the  useful  parts,  the  effete  matter  being  extruded.  In 
the  performance  of  this  act  the  ameba  exerts  a  definite  selective  tendency, 
usually  refusing  to  take  up  useless  particles.     Adapted  nutrient  materials  seem 


Fig.  si. — Phagocytic  cells  with  incorporated  bacilli  (Metschnikoff ). 

to  exert  an  attractive  force  upon  the  little  animal,  which  apparently  moves 
about  in  search  of  them.  The  attractive  force  has  been  called  by  Pfeffer 
chemotaxis,  chemiotaxis ,  or  chemotropism. 

The  cells  of  the  higher  animals  manifest  the  same  phenomena  to  a  certain 
degree,  the  more  independent  cells  having  greater  capabilities  in  this  direc- 
tion than  those  fixed  and  specialized.  No  cell  possessed  of  a  rigid  cell  wall 
would  be  able  to  take  up  extraneous  bodies,  so  that  it  is  a  phenomenon  shown 
by  few,  and  essentially  by  the  ameboid  cells. 


Fig.  52. — Leukocyte  with  incorporated  bacilli  illustrating  phagocytosis  (Metschnikoff). 


The  leukocytes  form  the  chief  phagocytic  cells  of  the  body,  and  so 
become  its  chief  scavengers.  Of  the  leukocytes,  the  eosinophilic  and  poly- 
morphonuclear forms  are  most  markedly  ameboid.  Phagocytosis  is,  how- 
ever, almost  universal  among  the  connective-tissue  cells,  and  is  occasionally 
observed  in  epithelial  cells.  Nervous  and  muscular  cells  probably  never 
manifest  the  phenomenon. 

The  cells  of  the  body  are  far  less  sensitive  and  selective  than  the  ameba. 
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for  though  the  ameba  moves  about  in  search  of  food  and  responds  essentially 
to  nutritive  impulses,  the  body  cells  move  in  response  to  stimuli  caused  by  all 
sorts  of  inert  particles.  It  is  an  interesting  fact  that  different  substances 
operate  differently  upon  the  leukocytes,  some  attracting  them  (positive  chemo- 
taxis),  others  failing  so  to  do  (negative  chemotaxis).  Bodies  that  are  posi- 
tive in  their  chemotactic  influence  are  by  no  means  all  useful  to  the  leuko- 
cytes, nor  are  all  the  negatively  chemotactic  substances  inert  or  injurious  to 
them.  The  phenomenon  seems  to  depend  solely  upon  chemical  or  electric 
affinity. 

Associated  with  phagocytosis  and,  according  to  the  theory  of  Metschni- 
koff,  of  vast  importance  to  health  is  the  phenomenon  of  intracellular  digestion. 
Sometimes  the  particles  taken  up  by  leukocytes  and  other  phagocytes  are 
simply  dropped  again,  sometimes  they  are  passed  on  to  other  cells,  some- 
times they  are  dissolved  or  digested  by  the  cells  through  enzymes  which  he 
calls  macrocytase  and  microcytase.  This  intracellular  digestion  is  of  the 
greatest  importance  when  the  incorporated  bodies  are  bacteria  or  other  para- 
sites capable  of  doing  mischief  in  the  body.  If  they  are  taken  up  promptly 
and  destroyed  by  the  cells,  the  individual,  through  the  activity  of  his  cells, 
has  received  protection  from  a  mischievous  enemy. 

Interesting  and  suggestive  experiments  have  been  done  by  Almquist  that 
indicate  that  phagocytosis  is  not  dependent  so  much  upon  the  activity  of  the 
cell  as  upon  its  structure.  He  found  that  phagocytosis,  or  at  least  the  incor- 
poration of  bacteria  by  the  leukocytes,  was  a  phenomenon  of  dead  as  well 
as  of  living  cells,  and,  therefore,  might  depend  upon  the  penetrability  of  the 
.  cytoplasm  for  the  bacteria.  His  experiment,  however,  does  not  explain  the 
vital  phenomenon  of  chemotaxis,  for  he  compelled  dead  leukocytes  to  take 
up  the  bacteria  by  centrifugation,  while  in  the  pathologic  processes  accom- 
panied by  chemotaxis  and  phagocytosis,  as  we  shall  see  later,  there  are  a 
wholesale  exodus  of  living  leukocytes  from  the  blood  vessels  and  a  general 
phagocytosis. 

The  cells  of  the  human  body  are  not  nourished  by  phagocytosis  and  do 
not  incorporate  and  digest  their  own  nutrient.  Instead  of  this,  the  most 
beautiful  manifestation  of  division  of  labor  gives  them  an  ever-present,  per- 
fectly adapted,  predigested  pabulum  upon  which  to  nourish  themselves,  the 
preparation  and  distribution  of  the  pabulum  being  the  work  of  their  fellows. 
From  this  source  the  cells  reintegrate  their  worn-out  substance  and  withdraw 
those  materials  out  of  which  they  elaborate  the  secretions  and  excretions  of 
the  body. 

Irritability  and  conductivity  are  two  closely  associated  phenomena. 
Chemical,  electric,  mechanical,  photic,  or  thermal  stimulation  at  once  affects 
cells,  whose  irritability  is  shown  by  contraction.  It  is  well  exemplified  in 
the  case  of  the  ameba,  which,  when  stimulated,  at  once  draws  in  its  pseudopods 
and  assumes  the  spherical  form.  The  irritation  is  not  followed  by  a  local 
reaction.  It  is  not  a  particular  pseudopod  of  the  ameba  that  is  drawn  in, 
but  the  irritation  extends  to  every  part  of  the  cytoplasm  by  its  inherent  con- 
ductive powers,  and  all  the  pseudopods  are  withdrawn  at  once.  It  is  by  the 
manifestation  of  conductivity  and  contractility  inherent  in  cells,  and  greatly 
specialized  in  some  of  the  cells, — muscle  fibers  and  nerve  cells  and  fibers, — 
that  many  of  the  functions  of  the  higher  animal  are  made  possible. 

Reproduction. — The  cells  are  capable  of  reproduction.  By  this  is 
meant  that  they  replace  those  of  their  kind  which  in  the  natural  course  of 
events  wear  out  and  die.  In  the  early  development  of  the  body  its  cells 
grow  rapidly  in  numbers  through  their  inherent  reproductive  powers.  In 
adult  life  the  healthy  animal  is  continually,  th'ough  probably  slowly,  replac- 
ing its  worn-out  cells.     Sometimes  in  disease  certain  of  the  cells  take  on  a 
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rapid  and  abnormal  multiplication,  which  may  terminate  in  profound  tissue 
alterations,  functional  inabilities,  and  not  infrequently  in  death. 

The  multiplication  of  the  cells  of  the  human  body  invariably  takes  place 
by  division.  Two  kinds  of  cell  division  are  described,  the  direct  and  the 
indirect.  They  differ  in  that  the  indirect  form  of  cell  division  is  preceded 
by  a  series  of  remarkable  changes  in  the  nucleus,  which  give  it  the  name 
karyokinesis  or  karyomitosis. 

Endogenous  cell  formation,  by  which  cells  are  formed  within  other  cells, 
is  probably  never  seen  in  the  human  organism  either  in  health  or  in  disease. 
At  one  time  giant  cells  were  looked  upon  as  mother  cells,  whose  nuclei 
represented  the  incompletely  developed  offspring,  but  at  the  present  time 
this  theory  is  abandoned.  Endogenous  cell  formation  is  seen  in  the  low 
forms  of  life  belonging  to  the  sporozoa,  and  is  well  illustrated  in  the  embry- 
onal development  of  the  coccidia  of  the  rabbit,  in  which  the  adult  organism 
transforms  itself  into  a  sporocyst  containing  a  multitude  of  embryos. 

Direct  cell  division  is  an  infrequent  mode  of  cellular  multiplication  that 
occurs  chiefly  in  cells  of  the  lymphoid  variety.     It  is  best  observed  in  the 


Fig.  S3. — Direct  division  of  lymphocytes  of  a  frog  (Arnold). 


leukocytes  of  the  frog,  kept  in  lymph  or  serum  in  a  moist  chamber,  under  the 
microscope. 

The  cellular  division  proceeds  without  preliminaries,  the  first  step  con- 
sisting in  a  central  constriction  of  the  nucleus.  The  constriction  becomes 
more  and  more  marked  and  the  halves  more  and  more  widely  removed  from 
one  another,  a  bridge  of  nuclear  substance  connecting  them.  The  cyto- 
,plasm  next  begins  to  show  an  increasing  constriction  at  a  position  corre- 
sponding to  the  nuclear  separation.  The  nucleus  finally  divides  into  two ; 
ultimately  the  cytoplasm  also  divides  and  two  cells  exist  in  the  place  of  one. 
In  cases  in  which  the  cytoplasm  fails  to  divide,  multinuclear  or  giant  cells 
are  formed. 

Indirect  cell  division  (karyokinesis  or  karyomitosis)  is  characterized,  as 
the  term  karyokinesis  suggests,  by  peculiar  preliminary  changes  in  the 
nucleus,  whose  chemical  constituents  separate  from  one  another  with  unusual 
distinctness,  pass  through  a  remarkable  series  of  orderly  transformations,  and 
are  permitted  by  the  disappearance  of  the  nuclear  membrane  to  enter  into  a 
much  closer  relationship  with  the  cytoplasm  than  would  under  normal  con- 
ditions be  possible.     In  describing  the  process,  Hertwig  finds  it  convenient 
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to  divide  it  into  certain  phases,  which  method  may  with  advantage  be  here 
adopted. 

First  Phase. — The  Preparation  of  the  Nucleus  for  Division. — The  nuclein 
or  chromatin  particles  which  have  been  distributed  throughout  the  linin 
framework  of  the  nucleus  approximate  one  another  and  gradually  unite  to 
form  a  long,  coiled  thread.  The  nucleolus,  if  present,  becomes  gradually 
smaller  and  smaller  and  disappears.     In  the  beginning  of  its  formation  the 


Fig.  54. — Nuclear  changes  in  karyokinesis :  o,  Nucleus  of  spermatoblast  of  Salamandra 
maculata,  with  chromatin  threads  forming  the  first  suggestion  of  a  coil ;  b,  close  coil  with  dis- 
appearance of  the  fuzzy  aspect  and  longitudinal  cleavage  of  the  threads  (Hatschek). 

edges  of  this  thread  present  a  fuzzy  appearance  from  the  projecting  irregu- 
larities of  the  chromatin  particles  entering  into  its  composition,  and  as  it 
becomes  older  the  particles  pack  closely  together  and  this  effect  is  lost,  the 
fibers  becoming  smooth.  It  is  possible  that  only  one  thread  exists  in  the 
nucleus,  or  it  may  be,  as  Hertwig  and  Rabl  believe,  several  of  them,  all 
entering  into  the  formation  of  the  coil. 

During  this  stage  it  is  obvious  that  the  chromatin  takes  the  stain  much 


Fig.  S5- — Diagrammatic  appear- 
ance of  the  relation  of  the  chromo- 
somes to  the  centrosomes  and  primi- 
tive nuclear  spindle  (Flemming). 


Fig.  s6. — Diagrammatic  represen- 
tation of  the  nuclear  spindle  and 
of  the  arrangement  of  the  double 
chromosomes  in  an  equatorial  plane 
preparatory  to  separation.  This  stage 
is  called  the  mother  star  (Flemming). 


more  energetically  than  usual.  This  is  especially  the  case  in  sections  stained 
by  Gram's  method,  where  the  normal  nuclei  become  completely  decolorized 
by  treatment  with  alcohol,  while  the  dividing  nuclei  retain  the  stain. 

Rabl  found  that  there  was  always  a  peculiarity  of  arrangement  during  the 
formation  of  the  coiled  thread,  by  which  a  certain  area,  which  he  called  the 
polar  field,  became  the  center  about  which  the  nuclear  threads  arranged 
themselves.     A  second  polar  field  is  found  opposite  that  first  formed. 
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While  the  nuclein  is  thus  arranging  itself  in  this  coil,  which  some  call  the 
"  close  coil"  or  "close  skein,"  th.t  polar  body  divides  into  two,  the  halves 
becoming  slightly  removed  from  each  other,  but  connecting  by  a  number  of 
extremely  fine  filaments  which  form  the  beginning  of  the  nuclear  spindle. 

Second  Phase. — Disappearance  of  the  Nuclear  Membrane  and  Division  of 
the  Chromosomes. — The  nuclear  membrane  now  gradually  disappears  and  the 
nuclear  substance  becomes  free  to  disseminate  itself  throughout  the  cyto- 
plasm. The  nuclear  thread  which  has  been  forming  its  windings  in  a  regular 
form,  the  angles  radiating  from  the  polar  field,  breaks  up  into  fragments,  the 
number  of  which  is  constant  for  the  cells  of  each  animal.  In  Salamahdra 
maculata,  which  has  been  used  by  Flemming  for  his  studies  of  karyokinesis, 
the  number  was  24,  in  man  16.  Each  fragment  is  known  as  a  chromosome 
or  nuclear  segment.  The  chromosomes  begin  to  assume  a  definite  radiating 
form  about  the  polar  field,  which  moves  toward  the  center  of  the  cell,  and 
the  polar  bodies  gradually  move  apart,  the  filaments  of  the  nuclear  spindle 
elongating  until  it  becomes  a  large  and  important  element  in  the  cell.  At 
the  poles  the  granules  of  the  protoplasm  also  seem  to  be  influenced,  and 
some  of  them  take  on  a  radiating  arrangement  around  the  polar  bodies. 

The  chromosomes  now  become  thicker  and  shorter,  and  in  the  salamander 


Fig.  57. — Diagrammatic  representation  of  the  separation  of  the  chromosomes,  which  are 
attracted  toward  opposite  poles  of  the  nuclear  spindle,  about  which  they  gather  to  form  the 
"  daughter  stars  "  (Flemming). 


form  distinct  V-shaped  segments,  which  form  a  perfect  equatorial  ring  about 
the  axis  of  the  spindle,  their  closed  ends  all  directed  toward  the  center. 
This  stage  is  called  by  Flemming  the  ' '  mother  star. "  It  is  succeeded  by 
one  of  the  most  interesting  phenomena  of  the  whole  series,  which  consists 
of  a  longitudinal  splitting  of  every  chromosom^  so  that  it  now  consists  of 
two  parallel  threads.  This  division  of  the  chromosomes  seems  to  be  a  con- 
stant phenomenon  of  karyokinesis. 

Third  Phase. — Separation  of  the  Chromosomes  ajid  the  Formation  of 
Daughter  Stars. — The  chromosomes  which  have  undergone  the  longitudinal 
cleavage  retain  their  original  position,  the  angle  being  directed  toward  the 
long  axis  of  the  nuclear  spindle.  Beginning  at  the  apices  of  the  angles,  the 
two  fragments  now  begin  to  move  in  opposite  directions,  the  angles  becom- 
ing widely  separated  from  one  another  before  the  ends  move.  The  result  of 
the  movement  is  the  division  of  the  nuclein  into  two  portions,  consisting  of 
an  equal  number  of  equal-sized  chromosomes,  which  now  arrange  themselves 
radially  about  the  poles  of  the  nucleus,  and  so  form  what  Flemming  has  called 
the  "  daughter  stars  "  or  amphiaster. 

Fourth  Phase. — The  Transformation  of  each  Daughter  Star  into  a  Per- 
fect Nucleus. — The  arrangement  of  the  chromosomes  about  the  poles  is  at 
first  typical  and  exactly  resembles  the  mother  star.     The  appearance  lasts 


126 


CHARACTERISTICS   OF  CELL   LIFE. 


but  a  short  time,  however,  then  the  chromosomes  are  observed  to  draw 
closer  together,  lose  the  definiteness  of  their  arrangement,  become  more 
crooked  than  heretofore,  and  soon  to  develop  a  rough,  notched  surface  with 
bristling  projections,  exactly  as  seen  in  the  chromatic  filament  of  the  parent 
nucleus  during  the  formation  of  the  loose  coil.  Indeed,  the  steps  in  the 
perfection  of  the  nucleus  are  but  the  reverse  order 
of  the  original  series.  About  each  future  nucleus 
a  delicate  membrane  now  forms,  the  radiating  ar- 
rangements disappear,  and  in  a  short  time  it  is  im- 
possible to  distinguish  the  polar  bodies  or  nuclear 
spindle.  Each  young  nucleus  at  first  appears  some- 
what flattened,  and  shows  a  saucer-lite  depression 
where  the  centrosome  or  polar  body  was  situated. 
What  becomes  of  the  polar  bodies  is  unknown  ; 
Rabl  believes  that  they  remain  inclosed  in  the 
newly  formed  nuclei.  The  nuclei  gradually  absorb 
fluid  from  the  cytoplasm  of  the  cell,  swell  into  a 
rounded  form,  and  finally  present  the  normal  size 
and  appearance,  with  the  usual  granular  and  fibrillar 
arrangement  of  nuclein.  In  cells  normally  provided 
with  nucleoli  these  bodies  finally  make  their  appear- 
ance, their  origin  remaining  unknown. 

The  division  of  the  cytoplasm  and  the  actual 
separation  of  the  two  cells  occur  during  the  fourth 
phase  of  the  karyokinetic  process.  It  begins  by  the 
formation  of  a  circumferential,  equatorial  constric- 
tion which  corresponds  to  a  transverse  plane  perpendicular  to  the  long  axis. 
The  constriction  becomes  deeper  and  deeper,  usually  progressing  more  rapidly 
at  one  side  than  at  the  other,  and  about  the  time  of  the  disappearance  of 
the  nuclear  spindle  completely  divides  the  cytoplasm,  with  the  formation  of 
two  cells. 

The  physiology  of  the  cell  is  complicated.  In  general  terms  it  may  be 
said  that  every  cell  manifests  the  four  cardinal  physiologic  functions  of  animal 
life — nutrition,  reproduction,  conductivity,  and  irritability. 


Fig.  58. — Segmentation 
of  the  cytoplasm,  and  the 
chromosomes  equally  di- 
vided, about  to  form  new 
nuclei  in  the  new  cells 
(Flemming). 


CHAPTER   VI. 

RETROGRESSIVE  TISSUE  CHANGES. 

DISORDERS   OF   GROWTH   AND   NUTRITION. 

INADEQUATE  GROWTH. 

As  the  result  of  embryonal  accidents,  members,  organs,  or  tissues  may 
entirely  fail  to  develop.  More  commonly  a  partial  or  incomplete  develop- 
ment is  observed.  To  the  former  condition  the  term  aplasia,  to  the  latter 
hypoplasia,  is  applied.  Both  conditions  have  been  described  as  ateleiosis — 
not  attaining  perfection. 

Aplasia  or,  as  it  is  sometimes  called,  agenesis  is  total  failure  of  develop- 
ment. If  the  missing  part  be  important  and  its  absence  attended  by  an 
obvious  defect  of  structure,  the  individual  is  properly  classed  among  the 
monsters.  The  most  exaggerated  illustrations  of  the  condition  are  the 
acardiac  and  acephalic  monsters,  in  one  of  whom  the  body,  in  the  other  the 
head,  fails  to  develop.  Usually  it  is  organs  of  minor  importance  that  are 
absent. 

Hypoplasia  is  incomplete  development.  It  is  more  frequent  than 
aplasia,  and  depends  upon  abnormal  conditions  operating  upon  the  growing 
individual  at  any  time  before  adult  size  is  attained.  Aplasia  usually  depends 
upon  conditions  arising  during  the  first  weeks  or  months  of  embryonal  exist- 
ence ;  hypoplasia  may  depend  upon  conditions  arising  as  late  as,  or  even 
later  than,  puberty.  The  hypoplastic  part  resembles  the  normal  part,  as  a 
rule,  but  is  smaller  and  less  nearly  perfect  in  structure. 

Etiology. — Many  causes,  unfortunately  for  the  most  part  obscure,  lead  to 
hypoplasia.  Chief  among  them  are  imperfect  nutrition  and  imperfect  inner- 
vation. 

If  the  nutrition  of  the  entire  body  be  imperfect,  the  whole  body  will  of 
necessity  suffer  and  its  development  be  impeded.  If  this  condition  be  main- 
tained and  the  individual  live  in  spite  of  it,  the  full  size  is  not  attained,  but 
a  stunted  or  diminutive  being  known  as  a  dwarf  is  the  result.  Dwarfs  may 
occur  in  spite  of  what  seem  to  be  the  best  nutritional  conditions,  but  in  the 
physiology  of  such  cases  there  is  probably  some  hidden  error  of  nutrition  or 
metabolism  upon  which  the  condition  depends.  Children  who  are  to  become 
dwarfs  may  be  born  of  natural  size  and  appearance,  or  may  be  born  far  below 
the  normal  size.  They  may  be  the  offspring  of  normal  parents,  and  may 
themselves  be  parents  of  children  that  develop  properly.  An  interesting 
description  of  some  noted  dwarfs  can  be  found  in  Gould  and  Pyle's  Anom- 
alies and  Curiosities  of  Medicine.  The  small  stature  of  some  of  the  noted 
dwarfs  is  remarkable,  Buffon  mentioning  dwarfs  24,  21,  and  18  inches  tall, 
and  describes  one  who  at  the  age  of  thirty-seven  years  measured  only  16 
inches  in  height. 

Dwarfs,  for  the  most  part,  show  marked  indications  of  rachitis  with  de- 
formity of  the  bones,  and  thus  confirm  the  opinion  that  their  small  stature 
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depends  upon  defects  of  nutrition.  They  are  nearly  always  ugly  of  feature 
and  markedly  disproportionate,  though  there  are  numerous  exceptions  to  this 
rule.  Intellectually  the  majority  of  them  are  bright,  though  the  cretins 
(^.  ».)  are  idiotic. 

If  the  nutrition  of  a  member  be  impeded,  as  by  the  loose  coils  of  the 
umbilical  cord  about  an  arm  or  leg  of  the  fetus  in  utero,  the  loss  of  nutrition 
entails  imperfect  development  or  hypoplasia  of  the  member.  The  binding 
of  the  feet  of  Chinese  girls  interferes  with  the  nutrition  and  growth  of  the 
part  pressed  upon  and  hypoplasia  results. 

Hypoplasia  resulting  from  defective  innervation  is  seen  in  the  anterior 
■  poliomyelitis  of  children,  whose  limbs  no  longer  grow  after  the  nerve  cells 
supplying  the  motor  and  trophic  influences  have  been  destroyed. 

Hypoplasia  may  remain  unexplained  in  cases  of  diminutive  kidney,  infan- 
tile genital  organs,  microcephalia,  microgyria,  and  other  local  defects. 

MALNUTRITION. 

The  tissues  of  the  body  may  suffer  malnutrition  through  the  abnormal 
quantity  or  abnormal  quality  of  the  pabulum  they  receive.  Abnormally  great 
and  abnormally  small  quantities  of  nutriment  may  injure  the  cells.  In  the 
order  of  pathologic  importance  the  changes  resulting  from  malnutrition  are 
necrobiosis,  atrophy,  necrosis,  and  death. 

NECROBIOSIS. 

Necrobiosis  is  the  molecular  death  of  tissue.  The  term  was  first  employed 
by  Virchow  to  describe  pathologic  conditions  in  which  the  cells  of  a  still 
living  tissue  were  in  a  condition  of  compromised  vitality  depending  upon 
malnutrition. 

It  is  customary  to  speak  of  the  necrobioses  as  degeneration,  this  term  indi- 
cating any  retrogressive  change  in  the  cells.  Two  chief  forms  of  degenera- 
tion are  described :  infiltration,  in  which  some  new  substance  is  added  to  the 
cell,  and  metamorphosis,  in  which  the  cell  substance  is  transformed  into  some 
new  substance  and  so  destroyed. 

The  infiltrations  not  being  essentially  characterized  by  any  alteration  of 
the  cytoplasm,  are  for  the  most  part  less  serious  than  the  metamorphoses. 
The  former  recover,  the  latter  cannot. 

The  degenerations  are,  however,  so  numerous,  so  lacking  in  distinctive 
features,  and  at  present  so  imperfectly  understood,  that  it  is  frequently  impos- 
sible to  decide  whether  a  certain  form  of  disease  is  an  infiltration  or  a  meta- 
morphosis. 

Though  imperfect,  the  following  is  suggested  as  a  convenient  method  of 
classifying  the  cellular  changes  : 

1.  Conditions  resulting  from  the  absorption  and  retention  of  harmless 
materials  conveyed  to  the  cells  by  the  circulating  tissue  juices  :  Fatty,  calca- 
reous, glycogenic,  serous,  and  pigmentary  infiltration. 

2.  Conditions  resulting  from  the  absorption  of  materials  which  exert  a 
marked'  destructive  effect  upon  the  cells  when  brought  to  them  through  the 
tissue  juices  :   Cloudy  swelling  and  fatty  metamorphosis. 

3.  Conditions  depending  upon  the  transformation  of  the  cell  substance 
into  a  pathologic  material : 

(a)  The  change  probably  being  brought  about  by  the  activity  of  some 
ferment :  Amyloid  disease  and  hyaline  degeneration. 

ip)  The  change  probably  being  more  simple  :  Mucoid  and  colloid  meta- 
morphosis and  pigmentary  degeneration. 
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FATTY  DMFILTRATION. 

Fatty  infiltration  is  the  assumption  and  retention  of  fats  by  the  cells. 
It  is  a  common  physiologic  phenomenon,  and  becomes  pathologic  only  when 
it  occurs  in  unusual  tissues  or  in  excessive  degree.  Under  normal  conditions 
fats  are  deposited  in  the  subcutaneous  cellular  tissues,  the  subperitoneal  tis- 
sues, the  subpericardial  tissues,  and  in  the  fasciae.  After  meals  rich  in  fats 
some  globules  may  appear  in  the  cells  of  the  liver.  The  increase  in  fat  depo- 
sition may  be  common  to  the  entire  body,  causing  the  condition  described  as 
obesity  or  polysarcia  {g.  v. ),  or  may  be  limited  to  certain  organs. 

The  most  typical  example  of  local  fatty  accumulation  is  seen  in  lipoma 
{q.  w.),  although  a  local  fatty  infiltration  occurs  in  the  liver  in  pulmonary 
tuberculosis  with  marked  wasting  of  the  body. 

Etiology. — Fatty  infiltration  may  depend  upon  hereditary  influences,  as 


FIG.  59. — Fatty  infiltration  of  the  liver :  a.  Periportal  connective  tissue ;  b,  fat  drops  in  liver 

cells. 

in  obese  families.  It  may  also  depend  upon  excessive  nutrition,  it  being  an 
everyday  observation  that  well-fed  persons  are  usually  stouter  than  the  poorly 
fed.  Certain  digestive  disorders  associated  with  excessive  appetite  predispose 
to  fatty  infiltration  by  the  hypernutrition  that  is  induced.  The  use  of 
alcohol  in  quantities  and  dilutions  favoring  the  digestion  of  food  increases 
nutrition  and  so  predisposes  to  it.  Anemia  with  insufficient  oxygenation  of 
the  blood  and  diminished  combustion  of  fats  in  the  body  may  be  accom- 
panied by  fatty  accumulations  in  the  subcutaneous  tissues.  Certain  marasmic 
diseases,  such  as  pulmonary  tuberculosis,  are  accompanied  by  fatty  infiltra- 
tion of  the  cells  of  the  liver  at  the  same  time  that  wasting  occurs  elsewhere. 
Lack  of  exercise,  by  diminishing  the  combustion  processes  of  the  body, 
favors  fatty  accumulation. 

Seats   of  Occurrence. — Under  physiologic   conditions  fat  is  depos- 
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ited  beneath  the  skin  and  serous  membranes,  in  the  fasciae,  and  in  the 
areolar  connective  tissue.  Certain  parts  of  the  body  invariably  escape  infil- 
tration, no  matter  how  exaggerated  the  condition,  among  these  being  the 
lips,  eyelids,  ears,  alae  nasi,  and  sexual  organs.  Certain  other  parts,  such 
as  the  palms  of  the  hands  and  soles  of  the  feet,  are  never  without  fatty 
cushions,  no  matter  how  emaciated  the  patient  becomes. 

Morbid  Anatomy. — Fatty  infiltration  leads  to  a  marked  increase  in  size 
because  of  the  presence  of  the  fat.  In  human  beings  the  fat,  which  consists 
of  neutral  palmitin,  olein,  and  stearin,  has  a  yellowish  color  similar  to  that 
of  the  fat  of  the  ox.  Fatty  infiltrated  tissues  or  organs  are,  therefore,  en- 
larged and  yellow.  The  fat  is  deposited  in  tissues  containing  few  blood 
vessels,  hence  is  usually  quite  anemic.  In  cutting  or  handling  the  fatty 
tissues  the  fingers  and  knife  become  soiled  and  greasy.  The  tissue  is  apt  to 
be  abnormally  friable.  If  the  fat  is  uniformly  deposited  in  a  tissue,  it  gives 
it  a  uniform  yellow  color.  If  irregularly  deposited,  the  tissue  will  appear 
either  streaked  or  mottled.      A  remarkable    appearance   characteristic  of 


Fig.  6o.— Fatty  degeneration  of  the  liver.     Taken  from  a  case  of  phosphorus-poisoning.    The 
cells  are  indistinct  and  are  filled  with  small  deposits  of  fat.     Oc.  2 ;  ob.  9. 

fatty  infiltration  is  the  "nutmeg"  liver,  caused  by  the  most  marked  deposi- 
tion of  fat  occurring  about  the  periphery  of  the  liver  lobules. 

Pathologic  Histology. — The  fat  is  found,  upon  microscopic  examina- 
tion, to  occur  in  the  form  of  vesicles,  which  vary  in  size  according  to  the 
tissue  affected.  In  the  adipose  tissues  the  vesicles  are  very  large,  and  when 
numerous  are  faceted  by  mutual  pressure,  so  that  they  resemble  a  mass  of 
bubbles.  In  lipoma  the  vesicles  of  fat  are  still  larger  and  this  appearance,  is 
more  marked.  It  can  with  difficulty  be  determined  that  these  fat  vesicles 
are  inclosed  within  cell  envelopes.  Indeed,  the  appearance  of  many  of 
them  suggests  that  they  lie  free  in  the  spaces  of  the  areolar  tissue.  This  is, 
however,  not  the  case. 

The  relation  of  fat  droplet  to  cell  is  better  observed  in  fatty  infiltration 
of  the  liver,  where  the  entire  process  can  be  traced  and  studied.  The  infil- 
tration begins  with  the  formation  of  a  small  droplet  in  the  cell.  This 
gradually  grows  larger,  the  nucleus  being  pushed  aside,  until  the  cytoplasm 
forms  a  mere  capsule  about  it,  and  the  nucleus  is  crowded  aside  and  flattened 
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in  consequence.  At  this  stage  the  microscopic  appearance  of  the  cell  is 
compared  to  a  "seal  ring,"  the  nucleus  representing  the  seal  and  the 
attenuated  cytoplasm  the  ring. 

Microchemistry. — The  appearance  of  fat  is  usually  sufficient  to  enable 
one  to  recognize  it  without  a  test.  It  is  soluble  in  ether,  absolute  alcohol, 
benzol,  and  xylol ;  insoluble  in  water,  acids,  and  alkalies.  It  stains  black 
with  a  I  per  cent,  solution  of  osmic  acid,  and  scarlet  red  with  a  solution  of 
Sudan  III. 

In  microscopic  sections  which  have  been  prepared  in  the  usual  manner  by 
embedding  in  celloidin  or  paraffin,  and  have  been  cleared  in  xylol  after 
dehydrating  in  strong  alcohol,  the  fat  is  no  longer  present,  as  a  rule,  though 
the  spaces  it  once  occupied  are  all  obvious  enough.  Occasional  spicular  and 
hedge-hog  crystals  of  fats  remain  in  the  fat  spaces  regardless  of  the  method 
of  preparation. 

Postmortem  changes  of  interest  sometimes  occur  in  fat  bodies  that 
are  interred  in  damp  soil,  the  most  important  being  the  transformation  of  the 
fats  to  a  waxy  substance  known  as  adipocere.  As  bodies  in  which  adipocere 
.forms  are  usually  well  preserved,  its  formation  accounts  for  certain  so-called 
"  petrified  bodies." 

GLYCOGENIC  INFILTRATION. 

This  is  the  accumulation  of  glycogen  in  the  cells.  It  occurs  in  the 
epithelial  cells  of  the  liver  and  kidney,  and  at  times  in  the  muscles  and  in 
embryonal  tissues,  in  small  quantities  during  health,  hence  in  limited  extent 
cannot  be  regarded  as  pathologic.  In  certain  diseased  states,  however,  its 
amount  becomes  excessive  and  hastens  the  dissolution  of  the  cells. 

The  source  of  the  glycogen  is  somewhat  obscure.     It  is  a  carbohydrate, 
but  seems  to  be  elaborated  both  from  carbohydrate  and  proteid  substances. 
It  is  readily  converted  into  dextrose,  and  it  is  probably  that  form  in  which 
sugar  is  stored  in  the  tissues  until  ready  for 
consumption. 

In  pathologic  conditions  it  appears  in 
small  quantities  in  the  blood  and  pus,  and 
in  diabetes  in  the  cells  of  the  liver  and  kid- 
ney in  large  amounts. 

Etiology. — Pathologic  glycogenic  infil- 
tration depends  upon  the  inability  of  the  in- 
dividual properly  to  regulate  the  conversion 
and  utilization  of  carbohydrates.  It  is  most 
frequent  in  diabetes  mellitus  (^.  z/.).  Small 
quantities  of  glycogen  appear  in  the  cells  in 
certain  inflammations,  and  in  some  of  the 
neoplasms. 

Morbid  Anatomy. — Glycogenic  infil- 
tration produces  no  changes  that  can  be  rec- 
ognized by  naked-eye  inspection.  Fig.  61. -Glycogenic  infiltration  of  the 

Pathologic      Histology. — The      gly-  llver.     x  300  (Hektoen). 

cogen  occurs  in  the  form  of  clear,  color- 
less, homogeneous  droplets  in  the  cells  near  the  nuclei.     They  are  usually 
small,  although  in  diabetes,  in  the  liver  and  kidney  cells,  they  may  be  large. 
Sometimes  they  occur  in  the  intercellular  substance. 

Chemistry. — Glycogen  is  soluble  in  water,  but  not  in  alcohol,  chloro- 
form, ether,  xylol,  or  benzol.  In  order  to  detect  its  presence  the  tissue 
must  be  hardened  in  pure  alcohol  and  passed  through  reagents  containing 
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no  water.  It  is  turned  a  port -wine  color  by  a  mixture  of  4  parts  of  absolute 
alcohol  and  i  part  of  tincture  of  iodin,  this  reaction  being  employed  for 
its  detection. 

SEROUS  INFILTRATION. 

Serous  infiltration  is  dropsy  or  edema  of  the  cells.  It  is  also  called 
"hydrops"  and  "hydropic  degeneration."  It  affects  cells  of  all  kinds, 
but  is  best  observed  in  the  epithelial  cells. 

Etiology. — The  condition  is  likely  to  follow  dropsy  or  edema  of  the  inter- 
cellular tissue  arising  during  anasarca,  and  from  local  edema  from  inflamma- 
tion, hyperemia,  etc.  It  also  occurs  sometimes  in  the  cells  of  tumors,  most 
likely  in  consequence  of  local  disturbances  of  circulation. 

The  occurrence  of  cellular  edema  probably  depends  entirely  upon  the 
excessive  quantity  of  fluid  with  which  they  are  in  contact  and  which  they 
imbibe.  It  may  be,  however,  that  the  tonic  condition  of  the  cytoplasm  is 
impaired  through  nutritional  disturbances,  and  (he  cell  thus  stimulated  to 
take  up  the  fluids. 

Morbid  Anatomy. — Dropsy  of  the  cells  cannot  be  recognized  with 
the  naked  eye,  though  a  part  in  which  dropsical  cells  are  present  is  usually 
enlarged,  soft,  moist,  and  boggy. 

Pathologic  Histology. — The  affected  cells  are  large^ — sometimes  many 
times  the  normal  size — and  are  filled  with  large  and  small  transparent  and 
colorless  vacuoles.  The  vacuoles  occur  both  in  cytoplasm  and  nucleus  and 
may  cause  destruction  of  the  cell.  The  quantity  of  water  that  can  be  taken 
up  by  cytoplasm  without  injury  is,  however,  surprising,  some  vegetable  cells 
being  able  to  take  up  sufficient  to  increase  their  volume  a  hundredfold. 
When  sections  of  edematous  tissue  are  stained,  a  faint  homogeneous  tinge  of 
the  entire  structure  suggests  that  some  of  the  chromatin  has  been  dissolved 
and  pervades  the  cytoplasm. 

Chemistry. — The  absorbed  fluid  consists  essentially  of  water,  but  prob- 
ably contains  some  salts  and  proteids. 

Pathologic  Physiology. — Except  in  extreme  cases  the  cells  seem  able 
to  continue  their  function  without  inconvenience.  Some  of  the  cells  show 
such  marked  nuclear  changes,  however,  that  their  vitality  would  seem  of 
necessity  to  be  compromised. 

CALCAREOUS  INHLTRATION. 

Calcareous  infiltration,  calcification,  mineralization,  or  petrifaction  of 
tissue  consists  in  the  deposit  of  lime  salts  in  and  between  the  tissue  cells. 
Etymologically  considered  the  term  should  apply  only  to  deposits  of  lime 
salts,  but  custom  has  made  it  convenient  to  speak  of  the  uratic-tissue  deposits 
of  gout  under  the  same  heading.  It  is  correct  to  speak  of  ossification  only 
when  true  osseous  tissue  is  formed. 

Etiology. — Leaving  the  uratic  deposit  of  gout  for  future  consideration, 
it  may  be  said,  in  general,  that  calcification  of  tissue  occurs  in  consequence 
of  deficiency  of  oxygen  and  excess  of  carbon  dioxid  in  the  tissue  juices,  by 
which  the  carbonates  and  phosphates  of  magnesium  and  calcium  are  precipi- 
tated. This  inadequate  oxygenation  occurs  locally  and  is  dependent  in 
nearly  all  cases  upon  circulatory  disturbances.  As  specially  predisposing  to 
the  condition  the  following  may  be  mentioned  : 

I.   Imperfect  Circulation. — (a)    Senility,    because  of  the  arteriosclerosis 
usually  accompanying  it,  is  an  extremely  fertile  source  of  calcifications  such 
as  are  found  in  the  vessels  themselves  and  upon  the  valves  of  the  heart. 
{p)  Abnormally  constructed  tissues,  such  as  result  from  inflammatory  proc- 
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esses  and  neoplasms  are  usually  poorly  supplied  with  blood  vessels,  present 
many  indications  of  imperfect  circulation,  and  are  apt  to  calcify.  For  this 
reason  old  encapsulated  and  inspissated  collections  of  pus,  cheesy  tubercles, 
cicatrized  gummata,  deposits  of  fibroid  tissue  upon  the  surfaces  of  the  pleura 
and  pericardium,  spleen,  and  other  organs  commonly  are  found  in  a  mineral- 
ized state.  Tumors,  especially  of  the  dense  tissues,  and  particularly  fibroids 
of  the  uterus,  are  very  badly  nourished  and  subject  both  to  necrosis  and  cal- 
cification. 

(<r)  Dead  tissues,  such  as  are  observed  in  thrombi,  and  dead  fetuses  escaped 
from  a  ruptured  tubal  pregnancy,  are  particularly  prone  to  absorb  lime  salts. 

2.  Special  diseases  associated  with  irregularity  in  the  distribution  of  the 
mineral  elements,  such  as  rickets,  osteomalacia,  gout,  etc.,  may  be  associ- 
ated with  deposition  of  the  lime  salts. 

3.  Intoxication  with  bichlorid  of   mercury,  bismuth,  and  aloin   brings 


Fig.  62.^Caloareous  infiltration  of  tiie  wall  of  a  small  artery  from  the  wall  of  a  gumma  of 
the  liver.  In  addition  to  the  calcification  that  has  occurred  in  the  media  contiguous  to  the 
fenestrated  elastic  layer,  there  is  marked  syphilitic  endarteritis  with  great  reduction  in  the 
caliber  of  the  vessel  from  proliferation  of  the  subendothelial  tissue  of  the  intima.  Zeiss, 
Oc.  2;  ob.  D.  D. 


about  absorption  of  the  lime  salts  from  the  bones  and  their  redistribution  or 
elimination.  The  peculiar  phenomenon  known  to  the  Germans  as  "  Kalk- 
metastase ' '  is  observed  in  bichlorid  of  mercury  poisoning.  The  lime  salts 
are  rapidly  absorbed  from  the  bones  and  eliminated  with  the  urine,  and, 
reaching  the  kidney  more  rapidly  than  it  is  possible  to  eliminate  them,  accu- 
mulate in  that  organ.  This  phenomenon  occurring  in  intoxication  suggests 
that  the  peculiar  diseases  known  as  osteomalacia  and  osteopsathyrosis  are 
associated  with  some  similar  form  of  intoxication  not  yet  understood. 

Morbid  Anatomy. — When  the  changes  characterizing  calcification  are 
apparent  to  the  naked  eye,  the  tissues  are  hard  and  stony  or  friable  and 
gritty.  In  solid  tumors  of  dense  tissue,  such  as  uterine  fibroids,  the  tissue 
may  be  too  hard  to  cut  with  a  knife  and  too  gritty  to  saw  readily.    Increased 
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weight  usually  accompanies  the  presence  of  the  salts  in  the  tissue.  Cylindric 
tissues,  such  as  blood  vessels,  may  be  transformed  into  veritable  pipes — "  pipe- 
stem  arteries. ' ' 

Upon  the  interior  of  blood  vessels  in  the  terminal  stage  of  atheroma 
plates  of  calcareous  material  not  unlike  fish-scales  are  frequently  found.  In 
old  abscesses  and  tubercles  the  lime  salts  may  occur  either  as  simple  gritty 
matter  or  as  concentrically  deposited  lamina  about  some  central  nucleus.  In 
old  thrombi  and  in  inspissated  fecal  matter  in  the  vermiform  appendix  the 
deposition  of  the  lime  may  form  actual  stones  (^phleboliths,  enteroliths), 
movable  within  the  cavity  in  which  they  are  formed.  Upon  fetuses  retained 
in  the  abdominal  cavity  after  escape  from  a  tubal  gestation  by  rupture  the 
lime  salts  are  deposited  chiefly  in  the  form  of  a  superficial  incrustation 
(Jithopediori). 

Pathologic  Histology. — The  calcareous  material  may  be  either  amor- 
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Fig.  63. — Psammoma — the  matrix  of  the  tumor. 

phoas  or  crystalline,  and  may  be  deposited  in  the  cells  or,  as  is  more  fre- 
quent, in  the  intercellular  substance. 

1.  Cellular  calcification  not  infrequently  occurs  in  diseased  ganglionic 
cells  of  the  nervous  system  and  in  the  epithelial  pearls  of  epithelioma  of  the 
skin.  In  both  cases  colorless  mineral  granules  appear  in  a  form  corresponding 
to  the  cell  outline,  though  the  cell  is  destroyed. 

2.  Intercellular  calcification  may  consist  of  a  few  amorphous  granules 
deposited  in  the  interstices  of  the  denser  tissues,  such  as  the  media  of  the 
arteries,  the  articular  cartilages,  cartilages  of  the  ribs  and  larynx,  etc.  About 
such  collections  of  granules  the  tissue  has  a  very  marked  affinity  for  hema- 
toxylin, and  when  stained  with  Delafield's  hematoxylin  the  tissue  in  immediate 
contact  with  the  calcareous  salts  assumes  a  blue-black  color.  Sometimes  the 
color  reaction  can  be  detected  when  no  calcareous  material  can  be  observed. 
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More  advanced  infiltration  is  characterized  by  granular  material  in  the  tissue ; 
still  more  advanced  degrees  by  mineral  masses. 

In  the  tumor  of  the  nervous  system  known  as  psammoma  the  mineral 
deposit  occurs  in  the  form  of  small  concentric  spheres  or  laminated  and 
spicular  cylinders  scattered  throughout  the  matrix  of  the  tumor. 

Chemistry. — The  lime  salts  are  insoluble  in  water,  ether,  chloroform, 
alcohol,  xylol,  benzol,  or  other  reagents  usually  employed  in  microscopic 
technic.  They  are  soluble  in  dilute  acids,  especially  in  hydrochloric  acid, 
with  which  they  cause  effervescence.  It  is  by  the  disappearance  of  the  salts 
when  immersed  in  acid  solutions  that  they  can  be  differentiated  from  foreign 
mineral  matter  accidentally  present  in  the  body. 

URATIC  INFILTRATION. 

Uratic  infiltration,  or  deposits  of  sodium  biurate  in  the  tissues,  is  seen 
in  gout.  The  salts  are  chiefly  precipitated  in  the  articular  cartilages,  though 
small  rounded  deposits  sometimes  occur  in  the  skin  and  subcutaneous  tissue 
and  in  the  denser  tissues  about  the  affected  joints.  To  such  deposits  the 
name  topki  has  been  applied. 

The  uratic  deposit  as  it  occurs  in  tophi  is  usually  impure,  in  that  more  or 
less  admixture  of  lime  and  magnesium  carbonate  and  phosphate  is  present. 


Fig.  64. — Arthritis  uratica  (Orth). 

In  this  form  the  deposit  is  amorphous.  In  the  joints,  however,  it  is  crystal- 
line and  spicular  and  affords  visible  evidence  why  the  gouty  joint  should  be 
so  exquisitely  painful  when  moved. 

The  tophi  being  superficial,  frequently  work  their  way  to  the  surface,  upon 
which  the  mineral  deposit  crumbles  away  like  so  much  chalk. 

Ossification,  or  the  formation  of  bone  in  the  tissues,  occurs  in  a  number 
of  pathologic  conditions. 

1.  Neoplasms. — -Ossification  occurs  in  benign  tumors,  such  as  uterine 
fibroids,  and  in  malignant  tumors,  such  as  the  ossifying  sarcoma.  The  bone 
is  usually  somewhat  atypical,  although  supplied  with  lacunae  and  canaliculi, 
and  of  laminated  structure.  The  tissue  may  be  quite  dense,  though  usually 
spongy. 

2.  Myositis  Ossificans. — This  is  a  peculiar  disease  in  which  bony  deposits 
are  formed  in  the  muscular  tissues.  It  is  supposed  to  depend  upon  chronic 
irritation  of  muscles  subjected  to  frequent  mild  trauma,  such  as  maybe  experi- 
enced in  military  exercises  and  horseback-riding.  Such  lesions  are  described 
by  the  Germans  as  Reitknochen  and  Exercirknochen. 

3.  Senile  Arteritis. — In  the  disease  of  the  middle  coat  of  arteries  which 
so  commonly  accompanies  senility  the  calcification  may  take  the  form  of  ossi- 
fication. In  disease  of  the  intima  bone  is  very  rarely  formed.  The  valves 
of  the  heart  rarely  contain  bony  formations. 
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4.  Osteophytes  are  well-defined  bony  masses  formed  in  unnatural  posi- 
tions. They  can  scarcely  be  classed  as  tumors,  as  they  occur  in  normal 
structures,  such  as  the  falx  cerebri,  falx  cerebelli,  tentorium  cerebelli,  etc. 
They  nearly  always  conform  to  the  shape  of  the  respective  membranes  in 
which  they  occur,  and  appear  as  thin,  translucent  plates. 

Calculi  are  mineral  concretions  formed  in  cavities  of  the  body  by  pre- 
cipitation from  its  fluids.  They  form  in  the  urinary  bladder,  gall-bladder, 
intestine,  pelvis  of  the  kidney,  etc.,  and  rarely  in  the  nose,  bronchi,  ear, 
urethra,  etc.,  by  incrustation  of  foreign  bodies.  (The  calculi  of  particular 
regions  will  be  separately  discussed  in  connection  with  the  Special  Pathology 
of  those  regions.) 

Extraneous  mineralization  or  pneumonokoniosis  is  the  reten- 
tion in  the  body  of  certain  mineral  substances  which  enter  it  with  the 
inspired  air,  and  are  not  formed  by  its  own  metabolic  processes.  It  is  the 
result  of  "  dust  inhalation. ' ' 

1.  Anthracosis,  from  which  all  human  beings  suffer  more  or  less,  results 
from  the  inhalation  of  soot  and  coal-dust  and  its  retention  in  the  lungs, 
which,  in  consequence,  appear  irregularly  mottled  with  black. 

2.  Siderosis  results  from  the  inhalation  of  iron  filings  or  grindings,  which 
impart  a  reddish-brown  color  to  the  lungs. 

3-  Chalicosis  depends  upon  inhaled  grit,  lime,  ground  oyster  shells,  etc. 

4.  Kaolinosis  is  caused  by  the  inhalation  of  clay,  and  is  seen  in  potters, 
sculptors,  and  others. 

Anthracosis  is  common  and  almost  universal,  but  the  other  forms  are  rare. 
All  forms  of  pneumonokoniosis  are  of  little  interest  or  importance  when  of 
mild  grade,  but  become  of  interest  when  severe  enough  to  lead  to  the  pul- 
monary indurations  known  as  "miner's  consumption,"  a  misnomer,  for  the 
lung,  instead  of  being  consumed,  becomes  indurated  and  fibroid. 

When  dusts  are  inhaled,  the  coarser  particles  are  filtered  out  of  the  air  by 
the  cilia  of  the  nostrils.  Other  particles  are  precipitated  against  the  surfaces 
of  the  nose,  pharynx,  larynx,  trachea,  and  bronchi  and  are  retained,  gradu- 
ally being  returned  to  the  outer  world  by  the  action  of  the  lashing  cilia, 
ascending  secretions,  and  effects  of  cough. 

Some  of  the  particles,  however,  reach  the  air  cells,  where  they  occasion  a 
mild  catarrh  with  some  desquamation  of  epithelium  and-  the  exudation  of 
some  leukocytes.  The  dust  particles  are  taken  up  by  both  the  alveolar  epi- 
thelium and  the  leukocytes,  some  reaching  the  expectoration,  while  many  of 
them  are  carried  into  the  interstitial  tissue  of  the  lung,  to  be  deposited  in 
endothelial  and  connective-tissue  cells,  others  being  carried  to  the  bronchial 
lymph  nodes,  where  they  are  permanently  retained. 

The  dust  particles  in  the  air  cells  cause  mild  alveolar  catarrh,  so  that  the 
affected  individual  coughs ;  the  presence  of  the  particles  in  the  interstitial 
tissue  of  the  lung  predisposes  to  induration  by  exciting  proliferation  of  the 
connective-tissue  cells  and  fibers,  and  the  lung  loses  its  elasticity.  The  coal- 
dust  in  the  bronchial  glands  causes  them  to  become  enormously  enlarged  and 
softened,  with  occasional  ulceration  and  erosion  of  the  contiguous  veins, 
through  which  the  softened  contents  enter  the  circulation  and  find  their  way 
to  remote  parts  of  the  body.  Thus,  in  some  severe  cases  of  anthracosis,  coal- 
dust  has  been  found  in  the  spleen,  liver,  kidneys,  and  nervous  system. 

PIGMENTARY  INFILTRATION. 

Pigmentary  infiltration  is  the  addition  of  pigment  to  a  tissue.  With  the 
exception  of  the  metabolic  pigment  melanin,  which  is  produced  by  the  cells, 
and  which  will  be  considered  under  another  heading,  all  the   pigments 
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found  in  the  body  are  direct  derivatives  of  hemoglobin,  the  coloring-matter 
of  the  blood.  In  its  normal  transformation,  hemoglobin  becomes  converted 
into  bilirubin,  the  coloring-matter  of  the  bile,  which  in  the  intestine  becomes 
hydrobilirubin,  and  ultimately  stercobilin,  which  imparts  the  brown  color  to 
the  feces,  and  urobilin,  which,  being  absorbed  from  the  intestine  and  excreted 
by  the  kidney,  gives  the  urine  its  amber  color.  The  pigments  that  infiltrate 
the  tissues  thus  come  either  from  the  blood  or  from  the  bile,  and  can  be 
described  as  hematogenous  and  hepatogenous. 

I.  Hematogenous  Pigments. — Of  these  pigments,  three  are  of  im- 
portance :  hemoglobin,  hemosiderin,  and  hematoidin. 

1.  Hemoglobin  is  found  under  normal  conditions  in  the  erythrocytes 
only.  It  is  a  dark-red,  amorphous  substance  containing  iron,  soluble  in 
water  and  solutions-  of  alkalies  ;  insoluble  in  alcohol,  ether,  and  chloroform. 
Almeii  s  test  for  hemoglobin  is  the  common  medicolegal  test  for  determining 
blood  stains.  It  is  performed  by  the  addition  to  a  solution  of  the  hemo- 
globin or  dissolved  blood  of  a  few  drops  of  a  freshly  made  tincture  of  guaiac, 
followed  by  an  ethereal  solution  of  hydrogen  dioxid.  The  guaiac  causes  the 
solution  to  become  milky  white  in  color,  the  hydrogen  dioxid  turning  it  a 
rich  blue.  Hemoglobin,  or  dried  blood  containing  it,  when  mixed  with 
sodium  chlorid  and  acetic  acid  is  transformed  into  rhombic  crystals  of  a 
brownish  color  (hemin). 

In  rapid  hemolysis,  such  as  is  observed  in  chlorate  of  potassium  and  nitro- 
benzol  intoxications,  as  well  as  in  several  of  the  infectious  diseases,  the  hemo- 
globin, being  liberated  from  the  corpuscles,  is  dissolved  in  the  plasma,  to 
which  it  imparts  a  deep-red  color.  In  such  cases  the  tissues  become  stained 
by  the  plasma  and  appear  redder  than  normal. 

The  transformation  of  hemoglobin  into  bilirubin  in  the  liver  is  no  doubt 
accelerated  in  such  cases ;  still  some  of  the  hemoglobin  reaches  the  kidneys 
and  is  immediately  eliminated  in  an  unchanged  condition  {hemoglobinuria). 

The  staining  of  the  tissues  resulting  from  hemoglobin  is  diffuse  and  is 
unaccompanied  by  any  microscopic  change. 

When  hemoglobin"  escapes  from  dissolving  corpuscles  and  infiltrates  the 
tissues  after  death,  a  peculiar  change  is  frequently  observed  in  consequence 
of  the  combination  of  the  iron  of  the  hemoglobin  with  sulphureted  hydrogen 
and  the  formation  of  ferrous  sulphid,  which  is  black. 

The  most  common  seat  of  this  change  is  the  inferior  surface  of  the  liver, 
where  the  hemoglobin  is  brought  into  proximity  with  sulphureted  hydrogen 
gas  contained  within  the  contiguous  intestine.  The  change  is  sometimes 
present  a  few  hours  after  death ;  it  is  not  known  that  it  may  not  take  place 
during  life  when  sulphureted  hydrogen  gas  is  present  in  the  intestine. 

2.  Hemosiderin  is  an  amorphous  pigment  of  a  yellowish  or  brownish 
color,  insoluble  in  water,  alcohol,  ether,  chloroform,  xylol,  benzol,  dilute 
acids  or  alkalies.  It  contains  iron,  and  turns  blue  when  acted  upon  with  a 
solution  of  chemically  pure  ferrocyanid  of  potassium  and  dilute  hydrochloric 
acid.     Ammonium  sulphid  turns  it  black. 

Hemosiderin  is  a  common  pigment  in  all  hemorrhagic  conditions,  hemo- 
globin seeming  to  be  transformed  into  hemosiderin  when  the  corpuscles  of 
the  blood  are  slowly  destroyed.  In  all  petechias,  ecchymoses,  suffusions, 
hematomata,  and  other  diseased  conditions  associated  with  interstitial  hem- 
orrhage, as  well  as  in  hyperemia  and  inflammation  with  diapedesis,  this  pig- 
ment is  present.  It  occurs  both  in  the  cells  and  in  the  interstices  of  the 
tissue,  always  in  the  form  of  amorphous  granules  of  rounded  form  and  irreg- 
ular size.  The  granules  are  readily  seized  upon  by  the  leukocytes,  and  it 
may  be  largely  through  the  activity  of  the  scavenging  cells  that  the  insoluble 
or  slowly  soluble  granules  are  eventually  removed. 
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Hemosiderin  is  quite  common  in  neoplasms  because  of  interstitial  hemor- 
rhages occasioned  by  -the  irregularities  of  circulation  in  tumors  and  the 
imperfection  of  their  blood  vessels.  Care  must  be  exercised  lest  it  be  mis- 
taken for  melanin  and  the  disposition  of  the  neoplasm  misjudged  in  con- 
sequence. 

3.  Hematoidin  is  a  reddish-brown  pigment  that  occurs  in  the  form  of 
rhombic  crystals  at  the  seat  of  old  hemorrhages.  Hematoidin  is  insoluble  in 
water,  alcohol,  or  ether,  but  is  soluble  in  chloroform.  It  contains  no  iron, 
and  it  is  thought  to  be  a  changed  form  of  hemosiderin. 

Hematoidin  usually  occurs  in  the  crystalline  form  in  the  fluids  contained 
in  old  hemorrhagic  cysts  of  the  brain.  It  may  also  occur  in  the  corpora  lutea 
of  the  ovary  and  in  the  liver.  It  is  much  less  frequent  in  occurrence,  and 
hence  of  much  less  importance,  than  hemosiderin. 

II.  Hepatogenous  Pigmentation. — Hepatogenous  or  biliary  pigmen- 
tation depends  upon  the  absorption  of  bile  and  the  discoloration  of  the 
tissues  by  bilirubin.  It  characterizes  the  condition  known  as  jaundice  or 
icterus.  Bilirubin  being  soluble,  like  hemoglobin,  pigments  the  tissues  only 
so  long  as  it  is  being  absorbed  into  the  blood ;  so  soon  as  its  elimination 
recommences  it  disappears  from  them. 

Gmelin's  test  readily  determines  the  pigment.  It  consists  in  placing  a 
few  drops  of  the  fluid  containing  bilirubin  upon  a  white  plate  and  allowing 
a  few  drops  of  fuming  nitric  acid  to  come  in  contact  with  it.  At  the  point 
of  contact  a  play  of  colors  can  be  observed. 

In  most  cases  the  hepatogenous  pigmentation  occurs  as  a  diffuse  staining 
of  the  cells  and  intercellular  substance.  It  may,  however,  when  of  long 
duration,  result  in  the  formation  of  greenish-yellow  granules  or  rhombic 
crystals,  either  between  or  within  the  cells. 

Nearly  all  cases  of  hepatogenous  jaundice  depend  upon  obstruction  to  the 
outflow  of  bile  from  the  liver.  (See  Jaundice.)  It  is  also  said  that  excessive 
bile  production  in  cases  of  rapid  hemolysis,  such  as  occurs  in  young  infants 
and  from  various  intoxications,  as  well  as  in  certain  hepatic  disorders,  such 
as  acute  yellow  atrophy  of  the  liver,  may  cause  it. 

III.  Metabolic  pigmentation  or  melanosis  is  the  formation  of 
melanin  by  the  cells. 

This  is  observed  as  a  normal  process  in  the  pigmented  cells  of  the  choroid 
and  retina  of  the  eye,  and  in  the  hair,  muscles,  and  skin.  It  occurs  only  in 
the  epithelial  cells  in  man,  though  in  some  of  the  lower  animals  (chameleons 
and  other  reptiles  and  lizards)  there  are  mobile,  presumably  connective- 
tissue  cells  which,  by  their  migrations  under  the  stimulation  of  light,  cause 
the  skin  to  change  color  from  time  to  time. 

Melanin  seems,  therefore,  to  be  the  natural  pigment  of  the  tissues.  Its 
chemistry  is  somewhat  obscure.  It  is  usually  conceded  that  it  contains  sul- 
phur, but  little  or  no  iron.  It  has  a  dark  color,  varying  from  yellowish  brown 
to  black.  It  is  insoluble  in  water,  alcohol,  and  ether ;  soluble  in  boiling 
alcohol,  acids,  and  alkalies. 

Macroscopically  the  presence  of  melanin  imparts  a  yellowish,  brownish, 
or  blackish  color  to  tissues  containing  it. 

Microscopically  the  pigment  is  found  in  the  form  of  fine  and  coarse  amor- 
phous yellowish,  brownish,  or  blackish  granules  between  the  cells,  in  the  cells, 
and  in  the  nuclei  of  the  cells. 

The  chief  pathologic  conditions  under  which  melanin  occurs  are  mel- 
anotic tumors  (see  Melanotic  Sarcoma),  Addison's  disease,  malaria,  muscular 
degeneration,  and  certain  skin  affections. 

I.  Tumors. — The  chief  melanotic  tumor  is  the  melanotic  sarcoma  or  mel- 
anoma.    The  pigment  is  formed  in  the  cells  and  leads  to  their  complete 
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destruction  and  dissolution,  the  outcome  of  the  process  seeming  to  be  the 
transformation  of  the  entire  cell  into  pigment  granules. 

Pigmented  tumors,  for  some  reason  not  understood,  are  more  apt  to  be 
rapidly  metastatic  and  fatal  than  unpigmented  tumors  of  the  same  kind. 

2 .  Addison's  disease  {q.  v. )  is  characterized  by  melanosis  of  the  skin, 
especially  of  the  face,  neck,  shoulders,  and  hands.  In  some  cases  there  is 
a  general  bronzing  of  the  whole  skin,  the  color  resembling  that  of  the  darker 
mulattoes ;  in  other  cases  the  skin  is  streaked  and  smeared  so  as  to  appear 
soiled.  The  condition  develops  insidiously,  and  seems,  from  its  frequent  asso- 
ciation with  them,  to  depend  upon  destructive  diseases  of  the  adrenal  bodies. 

3.  Malaria. — In  malaria  the  parasites  seem  to  effect  the  transformation  of 


FlG.  65. — Various  kinds  of  pigmented  cells :  A,  A,  A,  A,  Cells  containing  melanin,  from  a 
melanosarcoma  of  the  choroid;  B,  pigmented  cells  from  the  skin  in  Addison's  disease;  C, 
cells  filled  with  coal-dust  in  the  alveoli  of  the  lung;  D,  cells  containing  changed  red  cells  and 
blood  pigment  in  a  lung  the  seat  of  passive  congestion,     x  650  (Hektoen). 


the  hemoglobin  of  the  infected  erythrocytes  into  melanin,  which  is  dis- 
charged free  into  the  blood  as  the  parasites  segment,  and  subsequently  pig- 
ment the  organs  in  which  they  collect.  In  very  severe  chronic  cases  of 
malaria  most  of  the  organs,  including  the  brain,  may  show  this  pigmentation. 

4.  Muscular  degenerations,  especially  brown  atrophy  of  the  heart,  may 
be  accompanied  by  formation  of  melanin  (?)  granules  in  the  muscular  fibers. 
They  usually  appear  near  the  muscle  nuclei  and  are  of  a  yellowish  color. 

5.  The  sitin  affections  associated  with  pigmentary  changes  are  : 

{a)  Lentigo  or  Freckles. — These  are  small  brownish  spots  appearing  upon 
the  hands,  face,  and  other  parts  of  the  body  after  exposure  to  the  sun.  Cer- 
tain persons  only,  usually  with  fair  complexions,  are  subject  to  this  irregular 
pigmentation,   the  greater  number   experiencing   regular  bronzing  of  the 
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exposed  parts.  In  some  persons  freckles  occur  without  exposure  and  are  per- 
manent.   Ordinarily  freckles,  like  sunburn,  disappear  when  exposure  is  avoided. 

{U)  Chloasma,  or  irregular  pigmented  blotches  upon  the  forehead  and 
other  parts  of  the  face,  are  observed  sometimes  in  pregnancy  and  in  ovarian 
disease.  They  are  of  a  yellowish-brown  color,  are  indistinct  at  the  edges, 
and  form  blotches  and  streaks. 

{c)  Melanism. — Extensive  abnormal  pigmentation  of  the  skin,  sometimes 
of  congenital,  sometimes  of  acquired,  occurrence.  Addison's  disease  is  an 
acquired  form  of  melanism.     It  also  sometimes  occurs  in  melanoma. 

Having  thus  described  the  physiologic  and  pathologic  conditions  in  which 
the  pigment  of  the  skin  is  increased,  it  may  be  well  to  mention  a  few  impor- 
tant pathologic  conditions  in  which  the  pigment  of  the  skin  is  deficient. 

1 .  Vitiligo  or  leukoderma  is  a  congenital,  rarely  acquired,  affection  char- 
acterized by  the  occurrence  of  white  spots  upon  the  skin.  The  white  spots 
are  simply  areas  of  local  deficiency  of  the  natural  pigment.  If  hairs  grow 
upon  the  affected  area,  they  are  pure  white.  Sunburn  and  exposure  seem  to 
have  no  bronzing  effect  upon  the  leukodermal  patches,  though  the  surround- 
ing skin  becomes  dark.  Leukoderma  is  most  striking  in  the  negro,  in  whom 
it  is  not  infrequently  acquired.  The  patches  of  vitiligo  seem  to  be  more 
frequent  upon  the  head  and  face  than  elsewhere.  The  cause  of  the  affection 
is  not  known,  but  it  is  supposed  to  depend  upon  some  abnormality  of  trophic 
nervous  influence. 

2.  Albinism  is  a  congenital  anomalous  condition  characterized  by  general 
deficiency  of  pigment.  In  this  disease  the  skin  and  hair  are  perfectly  white, 
the  irides  pink.  The  eyes  are  always  unnaturally  sensitive  to  light,  which 
may  depend  upon  deficiency  of  pigment.  Nervous  disorders  seem  to  be 
associated  with  the  condition ;  thus,  nystagmus  is  very  common  in  albinos. 
Albinism  occurs  in  the  lower  animals  as  well  as  in  man.  It  may  be  complete 
or  partial,  the  eyes  having  a  moderate  degree  of  pigmentation  and  the  hair  a 
cream  or  tow  color. 

IV.  Extraneous  Pigments. — All  pigments  found  in  the  body  in 
health  and  disease  are  of  its  own  manufacture,  but  it  occasionally  happens 
that  foreign  substances  accidentally  or  intentionally  introduced  may  also  pro- 
duce coloration.  Of  these  may  be  mentioned  tattoo-marks,  argyria,  and 
anthracosis. 

1.  Tattoo^marks  depend  upon  the  intentional  introduction  of  india-ink, 
carmin,  and  other  insoluble  substances  through  needle  pricks  in  the  skin. 
By  the  pricking  of  the  skin  the  pigments  are  deeply  introduced,  and  are 
retained  for  years  by  the  cells  of  the  rete  mucosum.  Though  many  of  the 
granules  are  gathered  up  by  phagocytes  and  transported  to  the  neighboring 
lymphatics,  and  others  gradually  brought  to  the  surface  and  desquamated, 
enough  remain  to  show  the  original  design.     Tattoo-marks  fade  slowly. 

2.  Argyria  is  the  deposit  of  salts  of  silver  in  the  skin,  and  results  from 
the  continuous  medicinal  use  of  nitrate  of  silver,  depending  upon  the  pre- 
cipitation of  chlorid  of  silver  in  the  skin.  The  result  of  the  deposit  is  that 
the  skin  assumes  a  grayish  hue.  The  microscope  shows  the  salt  to  be  de- 
posited in  the  form  of  small  granules  in  the  cells  of  the  skin,  kidneys,  blood 
vessels,  membranes  of  the  brain,  and  sometimes  in  the  serous  membranes. 

3-  Anthracosis  depends  upon  inhaled  soot  and  coal-dust. 

CLOUDY  SWELLING. 

Cloudy  swelling,  parenchymatous  degeneration,  or  albuminous  infiltra- 
tion is  a  cellular  disease  characterized  by  the  formation  of  an  excessive 
number  of  albuminous  granules  at  the  expense  of  the  cytoplasm.     It  may 
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recover  or  may  terminate  in  destruction  of  the  cell.     It  is  probably  the 
most  frequent  and  least  serious  of  the  cellular  diseases. 

Etiology. — Cloudy  swelling  occurs  from  a  variety  of  causes  whose  effects 
are  destructive  to  cell  life,  either  by  overstimulation  or  by  depression  ;  thus  : 

Infectious  diseases  associated  with  toxemia  are  nearly  always  associated 
with  cloudy  swelling  of  the  parenchymatous  organs,  especially  those  of 
elimination,  such  as  the  liver  and  kidneys. 

Chemical  substances,  such  as  alcohol,  phosphorus,  arsenic,  bichlorid  of 
mercury,  ether,  chloroform,  etc.,  perhaps  also  through  the  damage  done  in 
elimination,  are  accompanied  by  cloudy  swelling  of  the  cells  of  the  liver  and 
kidneys. 

High  temperatures  occurring  independently  of  infectious  diseases,  from 
nervous  lesions,  insolation,  etc.,  may  cause  cloudy  swelling,  possibly  through 
the  elimination  of  leukomains. 

The  chief  seats  are  the  eliminative  organs,  especially  the  liver  and  kid- 
neys, though  other  epithelial  cells,  as  those  of  the  salivary  glands,  pancreas, 
intestinal  glands,  and  the  cells  of  the  heart  muscle,  may  show  it. 

Morbid  Anatomy. — The  part  affected  is  slightly  enlarged,  and  is  paler 
and  less  translucent  than  normal.  The  appearance  is  described  by  some  as 
like  that  of  a  "  cooked  "  organ.  To  the  naked  eye,  there  may  be  no  visible 
alterations. 

Pathologic  Histology. — The  affected  cells  are  larger  than  normal  and 
appear  filled  with  minute  colorless  granules  which  obscure  the  nucleus.  The 
nuclei  are  not  altered  at  first,  but  as  the  disease  advances  take  the  stain 
badly,  and  eventually  lose  the  staining  quality  altogether  and  are  destroyed. 
The  cells  themselves  undergo  eventual  dissolution  and  are  resolved  into  a 
granular  debris. 

Fatty  granules  sometimes  make  their  appearance  among  the  albuminous 
granules.  The  distinctness  of  cellular  outline  is  early  lost.  Badly  degen- 
erated cells  may  desquamate. 

The  presence  of  the  granules  is  thought  by  some  to  express  an  exaggera- 
tion of  functional  activity.  This  is,  however,  probably  an  error,  as  normal 
cells  are  granular  when  at  rest,  not  when  functionating,  and  lose  the  granules 
when  actively  at  work.  Moreover,  in  the  very  conditions  under  which 
cloudy  swelling  occurs  the  functions  are  suppressed.  The  granules  are, 
therefore,  in  all  probability,  entirely  different  both  in  origin  and  in  chem- 
istry from  those  of  normal  cells. 

Chemistry. — The  granules  are  insoluble  in  water,  alcohol,  ether,  and 
chloroform,  but  are  soluble  in  dilute  acetic  acid  and  in  dilute  alkalies. 
They  are  not  stained  by  osmic  acid,  hence  are  not  fat.  They  give  the  xan- 
thoproteic reaction,  which  can  be  developed  by  immersing  the  tissue  in  dilute 
nitric  acid,  by  which  the  granules  are  colored  yellow,  then  adding  ammonia, 
which  changes  them  to  orange  red. 

Termination. — Cloudy  swelling  may  end  in  true  parenchymatous  de- 
generation with  dissolution  of  the  cell,  or  may  recover.  Although  the  cells 
are  destroyed  in  groups,  enough  seem  to  escape  to  enable  the  tissue  to  regen- 
erate in  most  cases.  The  parenchymatous  degeneration  is  probably  not  in 
itself  a  cause  of  death. 


FATTY   METAMORPHOSIS. 

Fatty  metamorphosis  is  formation  of  fat  at  the  expense  of  the  cell  sub- 
stance. It  is  a  common  pathologic  process,  and  differs  from  fatty  infiltra- 
tion in  that  the  fat  is  not  formed  by  synthesis  out  of  materials  brought  to 
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the  cell  and  stored  within  it,  but  is  formed  by  conversion  of  the  cellular 
proteids,  the  cell  being  partially  or  completely  destroyed. 

The  physiologic  prototype  is  found  in  the  formation  of  milk,  the  fat 
being  formed  at  the  expense  of  the  glandular  cells,  certain  parts  of  which 
are  lost  in  the  change.  The  fat  thus  formed  is  usually  liberated  in  the  form 
of  fine  granules,  which  remain  suspended  in  the  fluid,  though  during  the 
early  stages  of  lactation  the  cells  or  parts  of  cells  themselves  appear  in  the 
milk  as  colostrum  corpuscles. 

Under  pathologic  conditions  fatty  metamorphosis  may  affect  epithelial, 
muscular,  and  connective-tissue  cells,  and  may  occur  in  the  intercellular 
substance  as  well  as  in  the  cells.  It  is  probably  most  frequent  in  the  epithe- 
lial cells  of  the  liver  and  kidney,  in  the  heart  muscle,  and  also  occurs  in  the 
intima  of  atheromatous  blood  vessels. 

Etiology. — Fatty  metamorphosis  occurs  : 

1.  From  Malnutrition. — i.  Senility. — Changes  in  the  blood-vessel  walls 
are  responsible  for  many  local  atrophic  and  necrotic  changes  in  old  age 
in  which  fatty  metamorphosis  plays  an  important  part.  Thus,  when  the 
rigid  arterial  walls  compress  the  vasa  vasorum,  shutting  off  the  nourishment 
of  the  larger  vessels,  fatty  metamorphosis  of  the  intima  occurs  in  the  form 
oi  atheroma  {jj.  v.).  Sclerosis  and  calcification  of  the  coronary  arteries  may 
lead  to  atrophy  or  fatty  metamorphosis  of  the  cardiac  muscle. 

2.  Anemia. — In  rapid  oligemia  from  severe  hemorrhage  the  small  blood 
vessels  of  certain  parts  of  the  body,  notably  of  the  retina,  undergo  fatty 
metamorphosis,  rupture,  permit  blood  to  escape,  and  cause  blindness. 

In  leukocythemia,  pernicious  anemia,  and  other  conditions  associated 
with  markedly  deficient  oxidation  of  the  tissues  fatty  metamorphosis  may  be 
widespread.  Indeed,  Osier  says,  in  speaking  of  pernicious  anemia,  "In  no 
other  condition  do  we  find  such  widespread  fatty  degeneration." 

In  local  anemia  or  ischemia,  such  as  is  seen  in  tubercle,  and  other  focal 
disorders,  the  caseation  depends  in  part  upon  the  malnutrition. 

II.  From  Intoxication. — i.  Toxemia. —  Various  poisons,  such  as  phospho- 
rus, chloroform,  iodoform,  arsenic,  sulphuric  acid,  nitric  acid,  phloridzin, 
etc. ,  are  characterized  by  fatty  metamorphosis  of  the  tissues. 

The  poisons  of  the  infectious  micro-organisms  often  produce  serious 
lesions  of  this  kind,  as  in  acute  yellow  atrophy  of  the  liver,  yellow  fever, 
scarlatina,  etc. 

Sewer-gas  poisoning,  by  diminishing  the  oxygenating  power  of  the  blood, 
is  also  a  cause  of  fatty  metamorphosis. 

2.  Hyperthermia. — Fever  may  lead  to  fatty  changes  in  the  tissues  either 
because  of  associated  intoxication  or  because  of  diminished  oxygenating 
power  of  the  blood. 

Morbid  Anatomy. — Tissues  in  which  fatty  metamorphosis  has  occurred 
are  usually  pale  and  anemic,  grayish  or  yellowish  in  color,  and  reduced  in 
volume.  The  appearance  varies  with  the  degree  attained.  It  may  be  invisible 
to  the  naked  eye,  or  a,  parenchymatous  tissue  like  the  cortex  of  the  kidney 
may  be  gray  or  yellow.  The  liver  in  yellow  fever  presents  a  boxwood  ^.t^t^^zx- 
ance,  while  that  of  acute  yellow  atrophy  is  lemon  yellow.  The  diminished 
bulk  depends  upon  loss  of  substance  from  absorption  of  some  of  the  degen- 
erated cellular  tissue.  The  tissues  are  usually  soft,  flabby,  and  friable  or 
lacerable.  The  knives  and  fingers  become  oily  as  the  tissues  are  handled 
and  incised.  The  atheromatous  patches  in  the  aorta  form  slightly  project- 
ing yellowish-gray  plaques.  The  endocardium  of  a  fatty  heart  appears  gray- 
ish and  opaque,  while  the  heart  muscle  is  pale  or  may  be  yellow.  The  degen- 
eration is  apt  to  occur  irregularly,  giving  the  tissues  a  streaked  or  mottled 
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appearance.     In  the  heart  this  is  sometimes  described  as  "  tabby  mottling," 
Caseation  represents  one  form  of  extreme  fatty  change. 

Pathologic  Histology. — The  cells  in  which  fatty  metamorphosis 
has  taken  place  are  characterized  by  the  presence  of  a  large  number  of 
minute  droplets.  It  may  require  the  use  of  osmic  acid  to  determine  their 
nature,  though,  as  a  rule,  their  size  and  refracting  power  are  sufficient  to 
enable  their  nature  to  be  determined  without  chemical  aid.  The  droplets 
rarely  tend  to  coalesce.  The  nucleus  early  becomes  diseased,  stains  poorly, 
and  ultimately  becomes  destroyed.  The  entire  cell  may  finally  break  up 
into  granular  fat.  A  cell  which  has  become  completely  degenerated,  but 
whose  fatty  globules  still  remain  coherent,  is  frequently  spoken  of  as  a 
"compound  granule  cell."  Leukocytes  which  are  scavenging  fatty  tissue 
frequently  load  themselves  with  molecular  fat,  and  are  also  called  "com- 


-ir^^^v* 


^?^^ 


Fic;.  66. — Fatty  degeneration  of  the  epithelium  of  the  kidney  (Diirck) :  1 ,  Desquamated  cells 
with  fatty  changes  in  the  capsular  space. 


pound  granule  cells  "  or  "  fatty  granule  cells. ' '  Such  cells  are  not  infrequent 
in  the  urine  in  the  severe  forms  of  parenchymatous  nephritis,  in  the  fluids 
of  ovarian  cysts,  and  in  other  fluids  and  juices  from  fatty  degenerated  parts. 

Although  it  is  usually  possible  to  make  a  microscopic  differentiation 
between  fatty  infiltration  and  fatty  metamorphosis  without  much  difficulty, 
there  are  tissues  in  which  it  may  not  be  true ;  of  these  the  liver  is  most  im- 
portant. In  fatty  infiltration  of  this  organ  several  droplets  may  occur  in 
the  cell,  while  fatty  metamorphosis  may  be  complicated  by  coalescence  of  the 
droplets.  Furthermore,  as  some  fatty  infiltration  in  the  normal  liver  is  fre- 
quent, the  fatty  metamorphosis  of  the  infectious  diseases  and  intoxications 
may  be  added  to  the  infiltration,  complicating  the  appearance. 

When  the  infiltrated  fat  is  to  be  absorbed  to  supply  the  needs  of  the  econ- 
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omy  the  larger  globules  usually  split  up  into  smaller  ones,  this  appearance 
sometimes  suggesting  metamorphosis  instead  of  infiltration,  and  leading  to 
confusion  between  a  purely  benign  and  a  very  destructive  process. 

Morbid  Physiology. — The  condition  indicates  lowered  vitality  and 
malnutrition,  depending  chiefly  upon  deficient  oxidation  or  upon  intoxica- 
tion.    It  may  be  caused  by  anemia,  hyperthermia,  or  trophic  disturbances. 

The  chemistry  of  the  process  is  obscure.  It  has  been  denied  by  some 
writers  that  proteids  can  change  into  fats. 

Rosenfeld  starved  dogs  until  their  own  fats  were  consumed,  then  fed  them  upon  sheep's 
tallow,  which  he  found  was  stored  up.  in  the  cellular  tissues.  After  having  a  sufficient  supply 
of  sheep's  tallow  deposited  in  their  tissues,  he  poisoned  them  with  phloridzin,  and  observed 
75  per  cent,  of  the  fat  transferred  to  the  liver,  where  it  could  be  recognized  chemically.  He 
also  found  that  when  starved  dogs  were  poisoned  with  phosphorus  no  fatty  change  occurred 
in  the  liver,  because  the  "fat  depots"  were  empty  and  no  fat  could  be  transferred  there. 
Under  these  conditions  the  change  in  the  liver  is  purely  parenchymatous. 

A.  E.  Taylor  poisoned  frogs  with  phosphorus,  dried  their  bodies,  pulverized  them,  and 
made  chemical  analyses  to  determine  the  relative  proportions  of  proteid  and  fat  present,  com- 
paring the  results  with  similar  analyses  of  normal  frogs.  No  diminution  of  proteid  or 
increase  of  fats  was  observed. 

These  experiments  leave  us  in  some  doubt  regarding  the  true  nature  of 
the  process,  but  it  is  too  soon  to  decide  that  the  recognized  opinions  are 
erroneous. 

Chemistry. — The  fats  formed  are  those  normal  to  the  body  and  the 
same  that  occur  in  fatty  infiltration — i.  e.,  neutral  palmitin,  olein,  and  mar- 
garin.  They  are  soluble  in  alcohol  and  ether,  but  not  in  water.  They  stain 
black  with  osmic  acid,  and  red  with  Sudan  III. 

Termination. — It  is  not  known  how  far  the  proteid  transformation  may 
progress  before  the  vitality  of  the  cell  is  destroyed.  It  seems  probable  that 
nearly  all  the  affected  cells  die. 

AMYLOID  DISEASE. 

Amyloid,  albuminoid,  waxy,  lardaceous,  or  "  bacony  "  disease  is  the  infil- 
tration of  the  tissues  by  an  albuminoid  substance  not  normal  to  the  body. 
The  amyloid  substance  is  deposited  in  the  intercellular  substance  of  the 
connective  tissues,  not  in  the  metabolic  cells.  It  affects  particularly  the 
media  and  intima  of  the  blood  vessels,  the  framework  and  blood  vessels  of 
the  liver,  the  framework  and  capillaries  of  the  kidney,  the  Malpighian  cor- 
puscles of  the  spleen,  the  membrana  propria  of  the  mucous  membranes,  the 
blood  and  lymph  channels  of  the  lymphatic  glands,  and  the  heart  and  other 
muscles.  The  occurrence  of  extensive  amyloid  disease  of  an  organ  is  usually 
associated  with  atrophy  of  its  cells. 

Etiology. — Amyloid  disease  is  observed  in  chronic  tuberculosis,  syph- 
ilis, chronic  suppuration,  especially  of  the  bones,  chronic  dysentery,  and 
other  wasting  diseases.  It  is  not  known  to  occur  in  the  cachexia  of  car- 
cinoma. It  is  not  so  frequent  as  before  modern  surgery  made  possible  the 
successful  treatment  of  bone  diseases. 

Morbid  Anatomy. — -Amyloid  disease  may  or  may  not  be  discoverable  by 
the  naked  eye.  In  advanced  cases  the  affected  organs  are  enlarged,  inelastic, 
pale,  dense,  and  have  their  edges  rounded  and  shape  slightly  altered.  The 
larger  organs  can  be  readily  pitted  when  pressed  with  the  finger.  When 
incised,  the  amyloid  organ  cuts  normally.  Its  contained  amyloid  substance, 
if  localized  as  in  the  "sago  spleen,"  can  be  recognized  as  homogeneous, 
dense,  translucent,  and  colorless  areas.  When  diffuse,  as  in  the  liver,  the 
organ  appears  unusually  homogeneous. 

Pathologic  Histology.— The  amyloid  substance  is  formed  in  the  tissue 
framework.     It  appears  in  the  walls  of  the  capillaries  in  the  form  of  anuclear. 
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homogeneous  cylinders.  In  larger  vessels  it  causes  the  walls  to  become 
thickened  and  the  lumen  diminished,  the  affected  vessel  walls  being  more 
translucent  and  homogeneous  than  normal.  It  also  occurs  in  homogeneous, 
anuclear,  irregular  masses  in  the  tissue,  crowding  out  the  parenchyma  cells, 
which  are  apt  to  show  fatty  metamorphosis  or  atrophic  changes. 

The  nutritional  disturbances  may  cause  associated  fatty  infiltration  (espe- 
cially in  the  liver  in  tuberculosis). 

The  amyloid  material  takes  no  stain  and  has  no  nuclei,  so  that  there  is  a 
marked  contrast  between  its  homogeneity  and  indefiniteness  and  the  cellular 
appearance  of  the  healthy  tissue. 

In  the  kidney  it  affects  first  the  capillary  tufts  of  the  glomeruli,  slowly 
spreading  until  the  entire  tuft  may  be  transformed  to  a  waxy,  homogeneous 
mass.     Later  it  occurs  in  the  interstitial  tissue  of  the  kidney. 

In  the  spleen  it  affects  the  Malpighian  corpuscles,  which  become  trans- 
'brmed  into  rounded,  homogeneous  bodies,  which  have  been  compared  to 
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Fig.  67. — Amyloid  degeneration  of  the  liver :  1^,  Amyloid  masses ;  *,  liver  cells.     Oc.  2;  ob.  9. 

boiled  sago  grains,  hence  the  name  "sago  spleen."  Later  it  may  spread 
in  bands  and  streaks,  until  eventually  scarcely  any  normal  splenic  cellular 
structure  can  be  found. 

In  the  liver  the  amyloid  material  is  deposited  irregularly  in  the  zone 
intermediate  between  the  periportal  connective  tissue  and  the  central  vein, 
the  masses  being  sometimes  large,  sometimes  small. 

In  the  lymphatic  nodes  it  usually  attacks  the  capillary  blood  vessels  and 
the  walls  of  the  lymph  vessels. 

In  muscles  it  affects  the  perimysium  and  sarcolemma.  When  occurring 
in  glandular  organs  and  mucous  membranes,  the  amyloid  disease  affects 
chiefly  the  membrana  propria. 

Pathologic  Chemistry. — The  source  of  the  amyloid  substance  is  ob- 
scure ;  it  seems  to  depend  upon  an  abnormal  reaction  between  something  in 
the  tissue  juices  and  something  brought  to  them  by  the  blood.  No  amyloid 
substance  exists  in  the  blood,  though  the  blood  is  undoubtedly  the  source 
10 
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of  the  materials  from  which  it  is  formed.  Ziegler  believes  the  amyloid  sub- 
stance to  be  an  albuminate  of  the  blood,  which,  because  of  the  lowered  meta- 
bolic power  of  the  cells,  is  not  properly  converted  into  nutritive  matter. 
Von  Recklinghausen  regards  it  as  a  cellular  derivative  which,  when  acted! 
upon  by  the  lymph,  swells  like  mucus  and  forms  masses  in  the  tissue. 
Czerny  believes  the  leukocytes  to  be  the  source.  In  many  ways  the  amy- 
loid substance  resembles  fibrin,  and  it  is  not  impossible  that  its  formation, 
like  that  of  fibrin,  depends  upon  the  union  of  factors  and  ferments  made 
possible  through  the  presence  or  absence  of  certain  salts. 

The  chemical  conditions  under  which  amyloid  formation  occurs  are  defi- 
ciency of  potassium  and  the  phosphates,  combined  with  an  excess  of  sodium 
and  the  chlorids.  Amyloid  substance  is  an  albuminoid,  insoluble  in  water, 
alcohol,  ether,  dilute  acids  or  alkalies,  chloroform,  xylol,  benzol,  etc.  It 
resists  peptic   digestion   and  withstands   decomposition   for   a   long  time. 
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Fig.  68. — Amyloid  degeneration  of  the  kidney :  a,  Glomerule  showing  degeneration  of  its 
loops ;  i,  vessel  with  degenerated  walls.     Zeiss.     Oc.  2 ;  ob.  D.  D. 

Virchow  observed  that  it  had  a  peculiar  affinity  for  iodin,  and  that  when 
immersed  in  diluted  Lugol's  solution  (iodin  i,  potassium  iodid  2,  water  17) 
the  amyloid  substance  becomes  mahogany  brown,  contrasting  with  the  nor- 
mal tissue,  which  is  yellow  brown. 

To  make  this  test,  a  thin  slice  is  cut  from  the  amyloid  organ,  washed  thoroughly  in  water 
to  remove  the  blood,  which  becomes  dark  brown  in  iodin  solutions,  and  immersed  for  a 
minute  or  two  in  the  reagent,  being  subsequently  thoroughly  washed  in  water.  The  test  can 
also  be  applied  to  microscopic  sections.  Fresh  tissues  react  better  than  old  alcoholic  speci- 
mens. 

Another  peculiar  reaction  sometimes  shown  when  the  amyloid  substance 
is  present  in  large  quantities  is  the  "starch  reaction."  The  tissue  being 
first  immersed  in  the  iodin,  and  subsequently  in  dilute  sulphuric  acid,  the 
amyloid  substance  becomes  blue.  This  reaction  is  less  commonly  observed 
than  the  mahogany-brown  color  with  Lugol's  solution.  It  is  most  frequent 
in  the  amyloid  bodies. 
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A  third  interesting  reaction  is  developed  by  the  use  of  aqueous  solution 
of  the  anilin  dyes.  When  amyloid  substance  is  placed  for  a  few  minutes  in 
a  5  per  cent,  aqueous  solution  of  gentian-violet,  washed  in  water,  and  ex- 
amined in  glycerin,  the  amyloid  substance  is  pink,  the  normal  tissues  blue. 
Nearly  all  the  anilin  dyes  tinge  the  amyloid  substance  some  shade  of  red, 
while  the  normal  tissue  becomes  green,  violet,  yellow,  etc. 

Course. — Cohnheim  concluded  that  amyloid  disease  could  become 
marked  in  a  few  months.     Recovery  from  it  is  not  known. 

Amyloid  bodies  having  nothing  to  do  with  amyloid  disease  are  found  in 
granulation  tissue,  in  the  lymphatic  glands,  in  chronically  inflamed  tissues, 
in  the  prostate  gland,  and  in  the  central  nervous  system.  Their  occurrence 
is  not  understood,  but  in  most  cases  they  seem  to  be  associated  with  chronic 
irritation.  The  bodies  are  microscopic  in  size  and  are  peculiarly  laminated, 
like  starch  grains,  hence  are  commonly  called  "corpora  amylacea."  Their 
composition  is  different  from  amyloid  in  that  they  nearly  always  react  with 
iodin  and  sulphuric  acid  with  a  blue  color. 

In  the  prostatic  acini  they  appear  to  be  formed  by  deposition  of  the 
secretion  of  the  gland  in  successive  layers ;  in  the  brain  they  may  be  formed 
from  degenerated  axis-cylinders ;  in  lymph  glands  and  granulation  tissue 
they  may  originate  from  cells.  They,  therefore,  are  scarcely  identical, 
though  similar  in  appearance  and  in  chemical  reaction. 

HYALINE  METAMORPHOSIS. 

Hyaline  metamorphosis  is  the  transformation  of  the  cells  into  a  hyaline 
substance  resembling,  but  failing  to  give,  the  amyloid  reaction.  It  chiefly 
affects  the  cells  of  the  connective  tissues,  though  it  may  also  occur  in  epi- 
thelial and  muscle  cells.  The  process  is  not  well  understood,  and  different 
writers  include  quite  different  conditions  under  hyaline  degeneration.  Thus, 
von  Recklinghausen,  by  whom  it  was  first  described,  uses  the  term  in  a  far 
broader  sense  than  most  pathologists,  and  makes  it  include  the  colloid  meta- 
morphosis of  epithelial  cells. 

It  affects  both  cells  and  intercellular  substance,  transforming  the  com- 
ponent tissue  elements  into  homogeneous  material  with  which  iodin  fails  to 
produce  reaction.  Acid  stains  have  more  or  less  affinity  for  hyaline  sub- 
stance, the  best  reaction  being  observed  in  specimens  colored  by  Van  Giesen's 
method,  with  acid  fuchsin  and  picric  acid,  which  color  it  intensely  red. 

The  hyaline  substance  sometimes  occurs  in  the  form  of  granules  in  and 
between  the  cells.  The  most  familiar  of  these  are  the  Russell's  fuchsin 
bodies  common  in  carcinoma,  and  at  one  time  supposed  to  be  parasites. 

Larger  hyaline  masses  are  sometimes  observed  in  the  membranes  of  the 
brain  and  choroid  plexuses,  especially  in  tumors  of  these  tissues,  where  they 
form  laminated  concentric  bodies  which  are  apt  to  become  infiltrated  with 
lime  salts. 

Hyaline  degeneration  is  common  in  the  connective  tissue  of  the  thyroid 
gland.  It  is  common  in  atheroma  of  the  blood  vessels,  affecting  the  sub- 
endothelial  layers  of  the  intima.  It  may  be  a  general  process  affecting 
large  numbers  of  the  smaller  vessels,  transforming  them  into  homogeneous 
cylinders  whose  walls  are  more  or  less  nodular.  Local  hyaline  degenera- 
tion of  the  walls  of  the  blood  vessels  is  frequent  in  sarcoma  and  forms  the 
characteristic  feature  of  cylindroma. 

The  blood  vessels  of  the  ovary,  especially  senile  and  chronically  inflamed 
ovaries,  frequently  become  hyaline. 

The  absorption  of  the  corpus  luteum  is  characterized  by  hyaline  meta- 
morphosis of  the  cells.     It  forms  an  important  stage  of  muscle  degeneration 
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in  senility  and  the  infectious  diseases,  and  has  been  observed  in  the  heart 
muscle  in  so  exaggerated  a  form  that  nearly  all.  the  tissue  was  affected.  It 
is  frequent  in  inflammatory  lesions,  and  especially  in  the  tissue  round  about 
tubercles. 

It  occasionally  occurs  in  the  capillaries  of  the  lymphatic  glands.  Von 
Recklinghausen  thought  the  process  in  old  blood  coagula  sufficiently  similar 
to  be  included  in  the  hyaline  changes.  His  definition  is :  "  Hyalin  is  an 
albuminous  body  which  colors  instantly  with  eosin,  carmin,  picrocarmin, 
and  acid  fuchsin,  appearing  homogeneous  and  highly  refractile;  it  is  but 
slightly  altered  by  acids,  and  is  highly  resistant  to  the  action  of  alcohol, 
water,  ammonia,  and  acids,  in  these  particulars  resembling  amyloid,  though 
failing  to  give  the  iodin  reaction." 

This  conception  makes  it  necessary  to  divide  the  hyaline  substance  into 
epithelial  hyalin,  which  includes  colloid  and  keratohyalin ;  conjunctival 
hyalin,  arising  from  degeneration  of  the  intercellular  substance  of  the  con- 
nective tissues  and  from  the  cells  themselves  by  excretion  of  hyaline  substance 
from  them  or  transformation  of  their  substance  into  hyaline  substance ;  blood 


Fig.  69. — Hyaline  degeneration  of  an  ovarian  capillary.     Oc.  2  ;  ob.  9. 

hyalin,  which  appears  in  thrombi ;  exudation  hyalin,  hyaline  exudates  appear- 
ing upon  mucous  or  serous  membranes,  in  the  tubules  of  the  kidney,  in 
tubercle,  etc.,  and  tissue-necrosis  hyalin.  ' 

Morbid  Physiology. — ^The  nature  of  the  hyaline  substance  is  unknown. 
It  is  thought-  to  result  from  the  action  of  some  substance  contained  in  the 
blood  upon  components  of  the  cytoplasm,  and  is  probably  closely  related 
to  amyloid  disease. 

Morbid  Anatomy. — When  recognizable  to  the  naked  eye,  the  hyaline 
substance  is  firm,  translucent,  and  homogeneous. 

Pathologic  Histology. — The  hyaline  substance  is  characterized  by  its 
homogeneous,  glass-like  appearance.  The  degenerated  areas  usually  show 
lost  differentiation  of  tissue  elements.  It  is  sometimes  with  difficulty  differ- 
entiated from  amyloid. 

Etiology.— Nothing  more  is  known  of  the  origin  of  hyalin  than  that  it 
depends  upon  malnutrition  of  the  tissues. 

It  is  seen  in  senility,  chiefly  upon  the  valves  of  the  heart  and  in  the  walls 
of  the  great  blood  vessels ;    in  infectious  conditions,  such  as  pseudomem- 
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branes,  tubercles,  gummata,  etc. ;    in  tumors,  such  as  cylindroma  and  psam- 
moma,  and  in  thrombi  and  emboli. 


MUCOID  METAMORPHOSIS. 

Mucoid  or  myxomatous  metamorphosis  is  the  transformation  of  the  cells 
and  intercellular  substance  into  a  gelatinous,  viscid  substance  rich  in  mucin. 

I.  Mucoid  Metamorphosis  of  the  Cells. — This  is  observed  in 
certain  epithelial  cells  of  the  mucous  membranes  and  mucous  glands,  and 
takes  place  by  the  formation  of  goblet  cells.  The  cells  first  show  a  vatuole 
in  the  cytoplasm,  which  becomes  larger  and  larger,  until  the  unattached  end 
of  the  cell  becomes  greatly  expanded  by  its  presence  and  the  cell  goblet- 
shaped.  The  vacuole,  which  consists  of  mucus,  is  at  length  discharged  from 
the  cell,  sometimes  without  injury  to  it,  though  the  cell  may  be  destroyed 
and  detached  together  with  its  contained  mucus. 

Under  pathologic  conditions,  such  as  arise  in  catarrhal  inflammation  of 
the  mucous  membranes,  large  numbers  of  cells  may  be  thus  affected  and 
extensive  desquamation  occur. 

II.  Mucoid  metamorphosis  of  the  intercellular  substance  occurs 
in  health  in  various  parts  of  the  body,  such  as  the  vitreous  humor  of  the  eye, 
the  fringes  of  the  synovial  membranes,  and  the  jelly  of  Wharton  of  the 
umbilical  cord.  It  is  a  common  pathologic  process  in  neoplasms,  specific 
infectious  diseases  (gumma,  etc.),  and  in  diseases  of  the  bones  and  cartilages. 

Etiology. — Mucoid  metamorphosis  of  the  epithelial  cells  of  the  mucous 
membranes  occurs  in  all  forms  of  catarrhal  inflammation,  in  various  cysts 
with  epithelial  acini,  and  in  the  cells  of  carcinomata.  Mucoid  metamor- 
phosis of  the  intercellular  substance  is  observed  both  in  epithelial  and  con- 
nective-tissue tumors,  in  myxedema,  and  in  certain  inflammatory  formations, 
such  as  gumma. 

Morbid  Anatomy. — The  formation  of  an  excessive  quantity  of  mucus  in 
catarrhal  inflammatory  exudates  causes  them  to  become  viscid,  ropy,  and 
gelatinous.  In  simple  inflammations,  such  as  are  seen  in  coryza,  the  exudate 
may  consist  of  water  and  mucus,  being  colorless,  transparent,  and  but 
slightly  viscid.  In  other  cases  the  admixture  of  pus  causes  the  secretion  to 
become  thick,  tenacious,  and  yellowish  from  the  presence  of  the  pus  cor- 
puscles. 

The  mucous  metamorphosis  of  the  connective  tissues  causes  differing 
appearances  according  to  its  extent  and  mode  of  occurrence.  If  limited 
in  extent  and  widespread,  it  may  cause  the  whole  tissue  to  appear  slightly 
swollen  and  soft.  If  more  marked,  the  moisture  and  softness  are  more 
pronounced  and  the  tissue  becomes  lacerable  and  can  easily  be  punctured 
by  the  fingers.  If  the  process  be  still  more  localized  and  advanced,  colli- 
quation  cysts  form  in  the  tissue — especially  in  morbid  growths — and  contain 
a  ropy,  tenacious,  transparent  fluid  similar  to  that  seen  on  the  surface  of  the 
mucous  membranes.  Such  fluid  sometimes  oozes  out  of  the  tumor  when 
incised,  or  can  be  expressed  from  it. 

Morbid  Physiology. — The  nature  of  the  process  is  obscure.  Mucus  is 
an  albuminoid  containing  C,  O,  N,  and  S.  Three  closely  related  bodies  are 
formed  in  this  degeneration — /.  e.,  mucin,  pseudomucin,  and  paramucin. 
Mucin  readily  swells  and  slowly  dissolves  in  water  so  as  to  form  a  tenacious, 
stringy,  slimy,  transparent,  mucilaginous  mixture.  It  is  precipitated  by 
alcohol  and  does  not  dissolve  upon  the  subsequent  addition  of  an  excess  of 
acetic  acid.  It  is  not  precipitated  by  boiling  or  by  tannin.  When  pre- 
cipitated, it  dissolves  again  in  neutral  salt  solution  and  in  dilute  caustic 
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potash  and  carbonate  solutions.  In  the  alkaline  solutions  it  is  gradually 
transformed  into  alkali-albuminate. 

Pseudomucin  also  dissolves  in  water  with  the  production  of  a  similar 
slimy,  ropy  jelly.  It  is  precipitated  in  threads  by  alcohol,  the  threads  being 
again  soluble  in  water.  Acetic  acid  does  not  dissolve  it.  When  boiled  in 
diluted  mineral  acids  it,  like  mucin,  splits  off  a  carbohydrate  which  in  alka- 
line solution  reduces  sulphate  of  copper.  Pseudomucin  is  most  common  in 
ovarian  tumors  and  gives  the  contents  a  gelatinous  consistence.  The  sub- 
stance in  these  cases  is  probably  formed  by  the  epithelial  cells. 

Paramucin  has  been  described  by  Mitjnkoff  in  the  interior  of  an  ovarian 
cyst.*  It  differs"from  the  pseudomucin  in  that  it  reduces  sulphate  of  copper 
in  alkaline  solutions  without  previous  prolonged  heating  with  mineral  acid. 

Charcot-Leyden  crystals  often  abound  in  the  mucus  of  bronchial  and 
other  catarrhs,  and  may  have  some  definite  relationship  to  mucin. 

Pathologic  Histology. — i.  The  epithelial  cells  of  mucous  membranes 
show  large  vacuoles  of  the  mucus  in  the  distal  part  of  the  cell,  giving  the 
appearance  known  as  "goblet  cells."  The  cells  in  the  walls  of  cysts  may 
show  the  same  appearance,  but  those  in  epithelial  tumors  usually  show  the 
cytoplasm  to  be  filled  with  smaller  rounded  droplets  or  vacuoles.  The 
nuclei  of  the  cells  seem  to  retain  their  integrity  for  some  time,  but  ultimately 
they  disappear  and  the  cell  becomes  transformed  into  mucus. 

2.  The  mucous  degeneration  of  the  connective  tissues  at  first  glance 
resembles  edema,  in  that  the  component  elements  of  the  tissue  are  separated 
by  some  fluid  substance.  In  addition  to  this,  however,  the  components  are 
much  altered  in  distinctness  from  swelling  and  metamorphosis  of  the  fibers 
and  cells,  so  that  the  structure  lacks  the  usual  definiteness.  The  cells  first 
show  the  presence  of  mucous  droplets  in  the  cytoplasm,  next  show  destructive 
changes  in  the  nuclei,  which  stain  palely  and  often  uniformly.  Ultimately 
the  entire  substance  of  the  cell  is  destroyed  and  disintegrates.  The  cells 
which  longest  preserve  their  integrity  seem  to  be  the  fixed  connective-tissue 
cells,  and  in  tissues  advanced  in  the  degeneration  spider  and  stellate  cells  of 
this  type  appear  numerous.  Mucin  is  precipitated  by  alcohol,  so  that  the 
degenerated  tissue,  when  hardened  and  treated  in  the  usual  way  for  micro- 
scopic study,  shows  a  finely  granular  condition  of  the  ground  substance. 
The  mucin  granules  are  hematoxyloniphilic. 

Special  Forms  of  Mucous  Degeneration.— Myxedema  {q.  v.)  is  a 
chronic  disorder  of  nutrition  characterized  by  mucous  deposits  in  the  areo- 
lar tissue  of  the  face,  neck,  and  breast,  and  accompanied  by  physical  and 
mental  deterioration.  Myxedema  (^cachexia  strumiprivd)  seems  to  depend 
upon  removal  or  disease  of  the  thyroid  gland  and  is  a  true  cachexia.  The 
affected  areas  of  the  skin  are  peculiarly  white,  dry,  rough,  and  soft. 

Cretinism  [.g.  w.)  is  congenital  myxedema  with  succeeding  dwarfing  and 
idiocy.     It  occurs  in  congenital  disease  of  the  thyroid  gland. 

COLLOID  METAMORPHOSIS. 

Colloid  metamorphosis  is  the  conversion  of  the  cell  substance  into  a  glue- 
like jelly  known  as  colloid.     It  occurs  only  in  epithelial  cells. 

A  colloid  substance  constitutes  the  normal  secretion  of  the  thyroid  gland 
and  pituitary  body.  Under  pathologic  conditions  it  may  occur  in  either 
gland  in  excess,  leading  to  the  formation  of  cysts  {colloid goiter).  It  occurs 
very  frequently  in  cystic  tumors  of  the  parovarium.  It  is  also  found  in  the 
tubules  of  the  kidney  in  chronic  nephritis,  and  in  the  prostate,  forming  some 
of  the  free  bodies. 

Etiology. — The  cause  of  the  disease  is  not  known. 
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Morbid  Anatomy. — Colloid  forms  a  jelly  of  varying  consistence,  which 
is  sometimes  so  thin  as  to  be  quite  fluid,  at  other  times  so  viscid  as  to  be 
like  thick  calves' -foot  jelly.  It  is  usually  clear  and  amber  colored,  but  may 
vary,  and  sometimes  appears  bluish.  It  occurs  chiefly  in  masses  of  homo- 
geneous consistence. 

The  jelly-like  masses  commonly  fill  cysts  of  varying  size,  with  which 
morbid  growths  may  be  honeycombed.  In  colloid  tumors  of  the  stomach 
with  peritoneal  extension  and  metastasis  there  may  be  free  masses  of  yellow 
jelly  in  the  peritoneum. 

Pathologic  Histology. — The  colloid  substance  is  formed  by  the  epi- 
thelial cells,  in  which  it  at  first  appears  in  the  form  of  droplets,  which  in  the 


Fig.  70. — Cystoma  of  the  ovary.  The  organ  is  divided  by  a  longitudinal  section,  one  half 
being  shown  in  the  illustration.  Many  of  the  cysts  are  distinctly  shown,  some  of  them  being 
filled  with  colloid  material. 


thyroid  gland  seem  to  escape  from  the  cells  and  unite  to  form  masses  in  the 
alveoli  of  the  gland.  From  these  alveoli  the  colloid  substance  enters  the 
lymphatic  vessels  of  the  gland,  through  which  it  is  absorbed. 

The  cells,  however,  both  in  the  thyroid  gland  and  in  morbid  growths, 
are  commonly  themselves  completely  destroyed  and  transformed  into  the 
colloid  substance.  It  is  by  such  cellular  destruction  that  the  cavities  filled 
with  colloid  that  occur  in  the  morbid  growths  are  formed.  The  intermediate 
stages  of  cellular  destruction  are  not  known. 

Pathologic  Physiology. — Colloid  is  an  albuminoid  whose  nature  has 
not  yet  been  accurately  determined.    It  varies  in  microchemistry  at  different 
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times,  and  at  present  the  term  colloid  is  applied  to  what  will  in  the  future 
prove  to  be  a  number  of  different  compounds.  Colloid  and  mucoid  degen- 
erations are  probably  closely  related  to  each  other,  but  while  the  mucus 
swells  in  water,  colloid  does  not ;  while  mucus  is  precipitated  by  alcohol 
and  acetic  acid,  colloid  is  not.     It  also  colors  orange  by  Van  Giesen's  stain. 

In  the  kidney,  especially  in  chronic  interstitial  nephritis,  colloid  sub- 
stance is  deposited  in  the  tubules  in  the  form  of  small,  laminated,  concentric 
spheres  and  cylinders.  They  are  recognizable  by  their  yellowish  color  and 
lack  of  affinity  for  nuclear  stains. 

Ziegler  regards  the  prostatic  concretions  which  fail  to  respond  to  the  iodin 
tests  as  colloid  in  nature. 

KERATOSIS. 

Keratosis  or  hyperkeratosis  is  excessive  cornification  of  epithelial  cells. 

Etiology. — It  is  observed  in  ichthyosis ;  lichen  pilaris ;  keratosis  fol- 
licularis  or  Darier's  disease;  keratosis  obturans,  a  disease  of  the  external 
auditory  meatus  with  desquamation  of  superabundant  epithelial  cells,  usually 
mixed  with  cerumen  and  cholesterin  crystals ;  pityriasis  pilaris,  character- 
ized by  pin-head-sized  conical  elevations  surrounding  the  hair  follicles  and 
partly  resembling  "goose  flesh"  and  ichthyosis,  the  skin  becoming  dry, 
harsh,  and  like  a  grater;  keratosis  senilis,  in  which,  upon  the  skin  of  the 
face  and  hands  of  old  people,  light  or  dark  yellowish  or  brownish  dry  points 
with  scaly  character  appear,  which  may  form  the  starting-point  of  epithelio- 
mata.  It  is  also  seen  in  certain  slight  inflammatory  affections,  such  as  scars, 
corns,  etc. 

Keratosis  is  also  observed  in  tumors  containing  squamous  epithelium, 
such  as  squamous  epithelioma,  hard  papilloma,  and  cholesteatoma. 

In  the  various  skin  lesions  with  which  it  is  associated  keratosis  always 
occasions  increase  in  the  hard,  dense,  horny  substance  (callosities,  corns, 
etc."). 

Morbid  Anatomy. — Extreme  cornification  is  observed  in  the  develop- 
ment of  horns — cornu  cutaneum — upon  squamous  epithelial  tissues.  They  are 
most  frequent  upon  the  head  and  face,  but  have  been  observed  upon  the 
hands  and  penis  and  other  parts  of  the  body. 

Pathologic  Histology. — In  abnormal  conditions  the  deposits  of 
eleidin  or  keratohyalin  may  occur  in  larger  drops  than  normal  and  attract 
attention.  It  is  such  drops  or  masses  that  have  been  mistaken  for  intracel- 
lular parasites  in  many  cases.  The  occurrence  of  the  granules  and  loss  of 
nuclear  staining  are  quite  characteristic. 

In  papilloma  and  epithelioma  the  keratin  masses  occur  in  the  cell  nests 
and  interpapillary  crypts,  their  size  varying.  They  are  often  of  a  yellowish 
color,  and  always  show  more  or  less  definite  concentric  arrangement  of  the 
component  epithelial  cells.  It  seems  as  if  the  formation  of  these  bodies, 
which  are  known  as  ^'  epithelial  pearls,^'  depended  upon  the  abnormal 
environment  of  the  cells,  which,  were  they  situated  upon  the  surface,  would 
desquamate,  but  being  held  in  the  crypts,  are  unable  so  to  do. 

Pathologic  Physiology: — The  epidermal  cells  all  over  the  body 
develop  from  soft  protoplasmic  cells  of  the  rete  mucosum.  As  these  cells, 
by  the  increase  of  subjacent  cells,  are  gradually  forced  outward,  they  reach 
a  point  at  which  their  cytoplasm  becomes  occupied  by  small  granules 
(stratum  granulosum).  These  granules  consist  of  a  substance  known  as 
eleidin  or  keratohyalin,  which  is  to  be  used  in  cornification,  and  which  seem 
to  develop  at  the  expense  of  the  nucleus,  for  about  the  time  the  granules 
make  their  appearance  in  the  cytoplasm  of  the  cell  its  nucleus  is  found  to 
have  lost  its  chromatin  and  ceases  to  stain. 
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The  keratohyalin  in  some  manner  pervades  the  cytoplasm,  which  becomes 
converted  into  a  dense,  hard,  horny  substance  in  consequence.  By  some 
this  substance  is  supposed  to  be  a  form  of  colloid. 

The  nature  of  the  process  is  no  further  understood  than  that  it  is  an 
exaggeration  of  a  normal  function  of  the  cells. 

ATROPHY. 

Atrophy  is  wasting  of  the  tissues,  and  is  characterized  by  diminished  size 
and  loss  of  functional  activity.  Atrophy  may  be  general  to  the  entire  body 
or  may  affect  parts  only. 

I.  General  atrophy  or  emaciation  is  a  condition  in  which  the  entire 
body  suffers  wasting.  It  is  best  illustrated  in  starvation  (jj.  v.'),  in  the  end- 
stages  of  which  atrophy  may  reduce  the  individual  almost  to  a  skeleton. 
This  form  of  atrophy  occurs  in  starvation,  wasting  diseases,  and  diseases  of 
the  nervous  system  with  errors  of  metabolism  and  trophic  influence.  It  is 
remarkable  to  find  to  what  a  state  of  emaciation  individuals  may  be  reduced 
without  obvious  cause.  Exaggerated  cases  of  this  condition  are  occasionally 
exhibited  in  museums  as  "  living  skeletons. "  Among  the  most  interesting 
cases  collected  by  Gould  and  Pyle  is  "  Hopkin  Hopkins,  a  little  Welshman, 
who  in  1754  died  of  old  age  and  gradual  decay,  aged  seventeen  years,  and 
who  had  been  exhibited  in  London  as  a  natural  curiosity  ;  he  had  never 
weighed  over  1 7  pounds,  and  for  the  last  three  years  of  his  life  never  more 
than  12  pounds."  Among  the  cases  of  emaciation  following  extreme  mus- 
cular atrophy  was  Rosa  Lee  Plemons,  who  at  the  age  of  eighteen  years, 
weighed  only  27  pounds.  The  emaciated  persons  are  usually  sickly  and 
lacking  in  vital  resisting  power. 

II.  Local  Atrophy. — Atrophy  of  parts  of  the  body  may  be  simple — 
that  is,  depend  upon  reduction  in  the  size  of  the  component  elements,  or 
degenerative,  depending  upon  destruction  of  some  of  the  elements  of  the 
part.     Degenerative  atrophy  is  the  usual  form. 

Atrophy  may  also  be  active  ox  passive.  Active  atrophy  depends  upon  the 
inability  of  the  cells  properly  to  appropriate  the  nourishment  brought  to 
them ;  passive  atrophy  is  caused  by  insufficient  nourishment  reaching  the 
cells. 

Etiology. — Atrophy  may  be  physiologic  or  pathologic. 

(«)  Physiologic  atrophy  depends  upon  inactivity.  The  muscles  when 
exercised  enlarge  or  hypertrophy,  as  in  the  athlete  ;  when  no  longer  exer- 
cised, their  volume  is  only  a  source  of  expense  to  the  economy,  and  they  are 
accordingly  permitted  to  waste,  their  substance  being  otherwise  utilized. 

In  the  development  of  the  lower  animals,  and  to  a  less  extent  in  man, 
certain  organs  useful  during  certain  periods  of  life  disappear  at  other  periods. 
Thus,  the  tail  of  the  tadpole,  while  very  useful  to  the  aquatic  embryo,  is 
useless  and  incommodious  to  the  amphibious  frog,  and  accordingly  rapidly 
atrophies  about  the  time  the  gills  disappear  and  the  lungs  expand.  Both  tail 
and  gills  undergo  simultaneous  atrophy.  In  the  embryo  certain  structures, 
without  which  its  development  could  not  progress,  undergo  subsequent  atro- 
phy and  may  entirely  disappear.  Among  those  of  the  human  embryo  we 
may  mention  the  urachus,  which  connected  the  bladder  with  the  umbilicus  ; 
the  round  ligament  of  the  liver,  the  omphalomesenteric  duct,  the  hypogas- 
tric arteries,  etc.  Organs  which  were  of  use  to  antecedent  animals,  but 
which  have  not  yet  become  extinguished  in  the  evolution  of  species,  some- 
times persist  in  existing  species,  growing  to  unnecessary  proportions  in  the 
early  development,  but  atrophying  later.  This  is  well  illustrated  in  the  case  of 
the  thymus  gland,  which  is  an  important  organ  in  gill-breathing  animals,. 
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but  apparently  useless  in  mammals.  It  grows  rapidly  in  the  embryo,  is 
large'  in  the  child  at  birth,  but  after  birth  atrophies  and  frequently  entirely 
disappears  with  the  attainment  of  adult  size. 

Organs  which  cease  to  be  useful  because  of  the  age  of  the  individual  also 
atrophy ;  thus,  after  the  menopause  the  uterus  and  ovaries,  having  no  further 
function  to  perform,  begin  to  atrophy,  and  in  the  course  of  years  become 
quite  small  and  relatively  fibroid. 

(Jj)  Pathologic  atrophy  may  with  difficulty  be  separated  from  physiologic 
forms.     Its  chief  causes  are  : 

1.  Senility. — In  old  age  organs  which  have  outlived  their  function,  as, 
for  example,  the  sexual  organs  of  women,  undergo  physiologic  atrophy. 
Pathologic  atrophy  in  old  age  may  be  secondary  to  vascular  changes,  as  in 
the  local  loss  of  substance  shown  by  the  pits  and  furrows  on  the  surface  of 
the  senile  kidney,  the  thin,  shining,  somewhat  scaly  skins  of  the  aged,  the 
disappearance  of  the  hair  follicles,  the  alteration  in  the  bones  following  loss 
of  the  teeth,  and  the  preponderance  of  compact  over  spongy  tissue  in  the 
bones,  depending  upon  the  disappearance  of  the  metabolic  elements  of  the 
osseous  tissues. 

2.  Pressure. — Pressure  is  a  common  cause  of  atrophy.  The  foot  of  the 
Chinese  lady,  which  was  kept  bandaged  in  babyhood,  suffers  both  hypo- 
plasia and  atrophy  in  consequence  of  the  pressure.  The  tight  corsets  for- 
merly fashionable  among  our  own  women,  by  turning  in  the  costal  margins, 
cause  them  to  press  upon  a  depressed  liver,  where  the  pressure  causes  a 
marked  loss  of  substance,  so  that  the  liver  may  actually  be  divided  into  two 
parts,  connected  only  by  fibrous  tissue  ("  Schnurleber  "). 

The  pressure  of  the  thongs  of  heavy  leather  aprons  worn  by  smiths  and 
others  may  cause  atrophy  of  the  subcutaneous  tissues  pressed  upon  and 
lead  to  the  formation  of  a  constriction  corresponding  to  the  position  of  the 
thong.  The  pressure  of  a  truss  worn  to  keep  back  a  hernia  produces  atrophy 
of  the  tissues  pressed  upon.  The  pressure  of  morbid  growths  in  any  part 
of  the  body  may. lead  to  atrophy  of  the  contiguous  organs.  The  cicatricial 
tissue  formed  in  the  organs  in  certain  chronic  inflammatory  diseases,  such 
as  cirrhosis  of  the  liver,  contracted  kidney,  etc.,  causes  atrophy  of  the  paren- 
chyma by  pressing  upon  it. 

3.  Malnutrition. — Ischemia  is  a  common  cause  of  atrophy.  If  the  blood 
supply  be  entirely  interrupted,  the  part  undergoes  necrosis,  but  if  it  be  par- 
tially interrupted,  it  undergoes  atrophy.  This  is  well  shown  by  the  atrophic 
disturbances  following  arteriosclerotic  changes  in  old  age,  and  in  atrophic 
changes  succeeding  thrombosis  and  the  pressure  of  morbid  growths  upon 
vessels. 

4.  Inactivity. — Pathologic  conditions  of  the  motor  nervous  apparatus, 
such  as  are  seen  in  hemiplegia,  paraplegia,  monoplegia,  in  which  only  the 
motor  apparatus  is  interrupted,  are  succeeded  by  atrophy  of  inactivity  with- 
out any  failure  of  normal  influence.  Atrophy  from  inactivity  is  also  well 
illustrated  in  the  remaining  muscles  of  amputated  limbs. 

5.  Failure  of  trophic  innervation  is  one  of  the  most  frequent  and  most 
pronounced  causes  of  atrophy.  Thus,  in  peripheral  neuritis,  poliomyelitis, 
and  the  muscular  dystrophies  the  failure  of  trophic  innervation  is  succeeded 
by  atrophy. 

Morbid  Anatomy. — The  atrophy  of  the  whole  body  is,  of  course,  sym- 
metric. Atrophy  following  symmetric  nervous  lesions  may  also  be  sym- 
metric, but  the  greater  number  of  atrophies  are  asymmetric. 

The  atrophied  part  is  smaller  than  normal,  though  otherwise  resembling 
the  normal  part.  When  certain  muscles  of  the  limbs  atrophy  while  their 
opponents  are  preserved,  the  limb  may  become  deformed  by  the  activity  of 
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the  healthy  muscles,  and  many  cases  of  club-foot  and  club-hand  can  be  thus 
explained. 

When  atrophy  is  irregular  in  distribution,  as  in  arteriosclerosis  of  the 
kidney  and  cirrhosis  of  the  liver,  the  surface  of  the  organ  may  be  marked 
by  pits,  fissures,  and  other  irregularities.  If  the  atrophy  be  uniform,  it  is 
smooth. 

Pathologic  Histology. — In  simple  atrophy  the  component  elements  of  the 
part  may  be  visibly  smaller  than  normal.  This  can  be  well  observed  in  the 
muscular  tissues,  in  which  many  minute  fibers  are  present  among  norrrial- 
sized  fibers.  „■ 

Degenerative  atrophy  has  accompanying  whatever  loss  in  size  the  ele- 
ments may  suffer,  the  additional  picture  of  fatty.metamorphosis  pr  whatever 
other  necrobiotic  process  may  be  present.  >  :' 

In  the  so-called  brown  atrophy  of  the  heart  the  muscle  cells  contain 
granules  of  pigment  clustered  about  the  ends  of  the  nuclei.         *•'  "'     > ' 

Morbid  Pliysiology.— Together  with  the  reduction  in  the  volume  of  the 
affected  part,  the  physiologic  activity  is  also  necessarily  reduced. 

In  paired  organs,  such  as  the  kidneys,  compensatory  hypertrophy  of  Ihe 
other  organ  usually  occurs  and  increases  the  apparent  disproportion  in  size., 
though  continuing  the  function.  The  atrophy  of  any  part  is  accompanied 
by  a  corresponding  reduction  in  the  size  of  i,ts  nutrient  vessels. 


NECROSIS. 

Necrosis  is  death  of  a  part  of  the  living  organism.  It  is  local  death  as 
differentiated  from  somatic  death,  or  death  of  the  entire  organism.  Thfe 
dead  part  may  be  an  external  extremity,  or  may  be  an  internal  organ  sur- 
rounded on  all  sides  by  still  living  and  comparatively  normal  tissue. 

Etiology. — The  causes  of  necrosis  may  be  summarized  as  follows : 


-J,J).-LX,Ust.. 

Fig.  71. — ^Anemic  infarct  of  the  spleen :  a.  Vessel  with  organized  thrombus. 

1.  Mechanical  Injury  may  so  disorganize  and  comminute  a  tissue  that  its 
component  cells,  unable  longer  to  maintain  their  integrity  independently  of 
the  integrity  of  the  whole  part,  must  die. 

2.  Thermal  injuries  are  very  destructive  in  tendency.  Temperatures 
above  35°  to  65°  C.  destroy  the  vitality  of  the  cells  in  a  comparatively  short 
time,  while  higher  temperatures,  such  as  100°  C,  do  so  immediately. 
Temperatures  at  the  opposite  extreme  do  an  equal  amount  of  injury,  and 
freezing  is  a  frequent  cause  of  gangrene. 
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3.  Chemical  injuries  not  infrequently  occasion  necrosis  and  gangrene. 
Carbolic  acid,  the  mineral  acids  and  alkalies,  all  cause  necrotic  and  gan- 
grenous lesions  of  the  parts  touched. 

4.  Infection  may  cause  necrosis  and  gangrene.  This  is  in  reality  a  form 
of  toxic  or  chemical  necrosis,  as  the  bacteria  act  through  their  metabolic 
products.     The  diphtheria  bacillus  causes  a  superficial  coagulation  necrosis 

of  the  surfaces  upon  which  it  grows, 
and  its  separated  toxic  products  when 
applied  repeatedly  to  some  delicate 
tissue,  such  as  the  conjunctiva,  cause 
necrosis  of  the  superficial  cells. 

The  irritating  products  of  the 
tubercle  bacillus — possibly  the  acid 
separated  by  de  Schweinitz  and 
others — are  the  cause  of  the  cheesy 
necrosis  of  the  tubercles.  The  mi- 
cro-organisms of  suppuration,  partly 
through  their  own  enzymic  products, 
occasion  the  coUiquation  necrosis 
characteristic  of  suppuration.  In- 
fection by  the  diphtheria  bacillus  is 
found  to  cause  gangrene  of  the  cheek 
and  genitalia  in  the  disease  known  as 
noma. 


S-  Malnutrition  IS  a  very  common 
cause  of  necrosis.  If  the  nutrition  is 
gradually  withheld,  necrobiosis  with 
atrophy  occurs,  but  if  the  nutrition 
is  completely  shut  off,  necrosis  must 
occur.  Such  changes  are  sometimes 
found  after  the  ligation  of  arteries, 
and  sometimes  after  ligation  of  the 
great  veins,  where  on  the  one  hand 
the  collateral  circulation  is  inadequate 
to  supply  the  needs  of  the  part,  or  on 
the  other  hand  the  retention  of  venous 
blood  in  the  part  interferes  with  its. 
oxygenation  and  nutrition.  Similar 
necrosis  is  seen  to  succeed  thrombosis 
and  embolism.  Pressure  of  neoplasms 
and  other  morbid  growths  may  cause 
necrosis  by  gradually  interrupting  the 
blood  supply  until  after  primary  ne- 
crobiosis ;  secondary  necrosis  occurs  after  the  diminution  of  the  blood  sup- 
ply becomes  extreme. 

Arteriosclerosis  with  gradual  destruction  of  the  vessels  is  a  common  cause 
of  that  form  of  necrosis  known  as  senile  gangrene. 

6.  Tropliic  disturbances  predispose  to  necrosis  by  diminishing  the  resist- 
ing powers  of  the  tissues.  Thus,  in  many  forms  of  spinal  disease  the  tissues 
readily  succumb  to  the  trauma  occasioned  by  the  pressure  of  the  bed  upon 
which  the  patient  lies,  and  necrosis  occurs  at  the  points  pressed  upon.  This 
form  of  necrosis  is  commonly  spoken  of  as  a  decubitus  or  ^'bedsore.'''' 
Other  examples  of  this  form  of  necrosis  are  the  keratitis  following  injury 
of  the  fifth  nerve,  and  iki^  perforating  ulcer  oi  the  foot.  A  peculiar  necrotic 
affection  of  the  little  toe  occasionally  seen  among  the  dark-skinned  races  of 


Fig.  72.- 


-Perforating  ulcer  of  the  foot  in  a 
tabetic  subject  (Matas). 
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the  tropics  is  known  as  ainhum.  Its  true  cause  is  not  determined ;  it  may 
be  trophic  or  may  depend  upon  local  cicatricial  tissue  formations. 

7.  Cachexia  and  other  conditions  of  depraved  vitality  predispose  to 
necrosis  and  gangrene  by  affording  an  unusual  opportunity  for  the  invasion 
of  the  tissues  by  bacteria  and  by  reducing  the  vitality  of  the  tissues.  Thus, 
in  typhoid  fever  bedsores  are  frequent,  and  in  diabetes  mellitus  local  gan- 
grene of  the  skin  is  common.  In  feeble  infants  and  badly  nourished  children 
noma  of  the  cheek  and  vulva  occasionally  makes  its  appearance. 

Varieties. — Necrosis  is  usually  evident  both  to  the  naked  eye  and  to 
the  microscope  because  of  the  retrogressive  changes  taking  place  in  the 
tissues. 

1.  Coagulation  Necrosis. — This  is  death  with  consolidation  or  condensa- 
tion of  the  tissue.  The  process  is  variable  and  not  fully  understood.  It  is 
best  illustrated  in  the  coagulation  of  the  blood,  where  the  union  of  fibrin 
factors  and  ferment,  through  the  formation  of  a  new  substance  (fibrin),  trans- 
forms the  fluid  blood  into  a  solid  mass.  Coagulation  necrosis  of  the  same 
kind  is  seen  in  some  cases  of  interstitial  hemorrhage  and  in  numerous  forms 
of  the  inflammatory  exudates,  especially  those  of  croupous  pneumonia  and 
diphtheria,  in  both  of  which  true  fibrin  is  formed. 

Fibrin  is,  however,  not  formed  in  other  varieties  of  coagulation  necrosis, 
though  it  is  not  improbable  that  some  related  body  may  be  formed  through 
the  action  of  ferments  derived  from  the  cells  upon  the  lymph  and  juices. 
It  is  possible  in  this  manner  that  the  coagulation  necrosis  of  the  spleen  and 
kidney  succeeds  anemic  infarcts. 

In  other  cases,  as  in  the  form  known  as  caseation  {cheesy  necrosis  or  tyro- 
matosis'),  in  which  a  cheese-like  mass  is  formed  through  the  action  of  bac- 
teria upon  the  cells,  it  is  possible  that  the  bacteria  furnish  the  essential  fer- 
ment. Caseation  is  seen  in  its  most  typical  form  in  the  tubercle,  where  the 
cheesy  matter  has  a  consistence  varying  from  that  of  cream  cheese  to  that 
of  the  more  solid  forms,  and  may  be  firm  or  crumbly. 

2.  Colliquation  Necrosis. — This  is  death  followed  by  liquefaction  of  the 
tissue.  It  is  best  illustrated  by  the  anemic  infarctions  of  the  brain  that 
follow  embolism.  The  nervous  substance  first  degenerates  (fatty  and  hya- 
line degeneration),  then  melts  away  into  a  semi-fluid  mass,,  from  which  the 
necrotic  matter  is  slowly  absorbed,  while  the  fluid  itself  remains  to  form  a 
cyst  (colliquation  cyst). 

Colliquation  necrosis  is  also  illustrated  by  suppuration,  where  even  solid 
and  resisting  structures,  such  as  tendons,  cartilages,  and  even  bone,  melt 
away  before  the  bacteria  and  pus  cells. 

3.  Mummification  (Dry  Gangrene). — This  is  death  followed  by  inspissa- 
tion  of  the  tissue.  It  can  occur  only  when  the  dead  tissue  is  superficial  and 
can  be  acted  upon  by  the  air,  and  when  the  conditions  under  which  the 
necrosis  has  developed  have  determined  that  the  tissue  contains  but  little 
moisture.  The  stump  of  the  umbilical  cord  undergoes  dry  gangrene  or 
mummification. 

Mummification  is  most  frequent  in  senile  disease  of  the  arteries  with 
obstruction  of  the  circulation  of  the  extremities  of  the  body.  The  toes  are 
the  usual  seat  of  the  disease. 

Frost-bite,  if  the  tissue  freeze  at  a  time  when  it  is  bloodless,  may  also 
cause  mummification.  Ergot-poisoning  with  permanent  spasm  of  the  arteries 
may  also  cause  it.  Certain  paroxysmal  contractions  of  the  vasoconstrictors, 
as  occur  in  Raynaud's  disease,  may  also  lead  to  dry  gangrene. 

4.  Gangrene  is  necrosis  accompanied  by  putrefaction  of  the  tissue.  It 
occurs  almost  exclusively  in  parts  of  the  body  subject  to  external  infection. 
Thus,  it  may  succeed  any  form  of  necrosis  and  many  simple  lesions  of  the 
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extremities  followed  by  infection.  Putrefaction-  cannot  take  place  in  living 
tissues ;  hence,  for  the  occurrence  of  gangrene  it  is  essential  that  necrosis 
first  occur.  The  necrosis  may  depend  upon  any  of  the  causes  already  given 
or  upon  an  extremely  violent  infection  of  any  nature  sufficient  to  devitalize 
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Fig.  73.- — Symmetric  gangrene  of  the  feet. 

the  tissue.  The  hospital  gangrene  which  was  the  dread  of  the  surgeon  before 
the  days  of  Listerism,  and  which  caused  great  numbers  of  deaths,  in  military 
hospitals  especially,  was  only  a  violent  infection  of  the  wound,  succeeded 
by  necrosis  and  putrefaction  of  the  tissues. 

Gangrene  most  frequently  affects  extremities  of  the  body.     It  may  affect 


Fig.  74.— Symmetric  moist  gangrene  of  the  hands.     The  cause  of  the  gangrene  was  never 
determined  (from  a  case  in  the  Medico-Chirurgical  Hospital  of  Philadelphia). 

local  areas  of  the  skin  in  gangrene  diabeticorum,  these  areas  being  of  irregu- 
lar distribution. 

Noma  is  a  gangrenous  affection  of  the  cheek,  seen  in  impoverished  chil- 
dren.    It  commences  in  the  interior  of  the  cheek  and  soon  invades  its  entire 
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thickness,  appearing  upon  the  face.  It  may  also  occur  upon  the  genitah'a, 
which  may  be  destroyed  or  deformed  in  consequence.  The  affection  is 
commonly  fatal,  and  leaves  unsightly  deformities  if  recovery  takes  place. 
According  to  recent  researches,  the  disease  is  caused  by  the  diphtheria 
bacillus. 

Gangrene  of  the  lung  may  depend  upon  infection  of  devitalized  areas 
through  the  inspired  air.  It  succeeds  pneumonia,  hemorrhage,  etc.,  and 
may  occur  in  a  circumscribed  or  diffuse  form. 

Gangrene  of  the  intestine  may  occur  in  strangulated  hernia  and  in  vol- 
vulus and  intussusception,  the  necrotic  conditions  brought  about  by  the 
interrupted  circulation  being  succeeded  by  infection  from  the  intestinal 
canal. 

The  occurrence  of  decomposition  in  the  gangrenous  lesions  naturally 
gives  them  an  offensiveness  not  possessed  by  any  of  the  other  necrotic  lesions. 
It  also  leads  to  the  formation  of  gas  blebs  in  the  tissues,  which  are  not  found 
in  other  lesions,  and  to  the  transformation  of  the  tissue  into  a  dark-colored, 
slimy,  pulpy,  stinking  ma^s. 

Morbid  Anatomy. — The  naked-eye  appearance  of  necrotic  tissue  varies 
with  the  form,  extent,  and  condition  of  the  tissue  affected.  Gangrenous 
parts  are  for  the  most  part  greenish  black  in  color,  slimy,  and  lacerable 
in  texture.  Mummified  parts  usually  appear  black  and  dry.  Necrotic  areas 
following  infarctions  of  the  kidneys  and  spleen  are  grayish  or  yellowish  and 
soft.  Necrotic  changes  in  the  nervous  tissue,  according  to  the  presence  or 
absence  of  blood,  etc.,  may  present  themselves  as  red  softening,  yellow  soft- 
ening, or  white  softening  {q.  ».). 

Colliquation  necrosis  is  characterized  by  the  melting  away  of  the  tissues  ; 
coagulation  necrosis  by  firmer,  sometimes  crumbly  or  cheesy,  collections. 

Pathologic  Histology. — Necrosis  differs  from  necrobiosis  in  that  the 
changes  are  more  rapidly  destructive  and  more  widespread.  The  actual 
changes  by  which  necrosis  occurs  consist  in  part  of  the  same  changes  that 
are  observed  in  the  metamorphoses.  Thus,  fatty  changes  are  common  in 
the  necrotic  tissues,  and  mucous  metamorphosis  leads  to  a  slimy  formation 
not  unlike  the  slimy  matter  occurring  in  gangrene. 

Microscopic  examination  of  the  necrotic  tissue  shows  that  the  cells  are 
more  homogeneous  than  normal,  and  that  the  nuclei  lack  ability  to  retain 
the  stain.  The  nuclear  substance  seems  to  break  up  and  disseminate  itself 
throughout  the  cell  in  the  form  of  irregular,  tingeable  fragments.  Later 
these  fragments  disappear  and  all  traces  of  cellular  structure  are  lost.  The 
intercellular  substance  shows  changes  in  an  order  corresponding  to  the 
density  and  resisting  power.  The  fibers  of  the  connective  tissue  swell  and 
become  indistinct  preparatory  to  solution.  Cartilage  and  ligaments  slowly 
melt  away,  bone  resists  almost  indefinitely,  and  when  spontaneous  recovery 
takes  place  in  gangrenous  limbs,  the  bones  often  remain  protruding  from  the 
end  of  the  stump. 

In  coagulation  necrosis,  if  fibrin  be  formed,  it  appears  as  homogeneous 
masses  between  the  tissue  elements  or  as  threads  forming  a  reticulum  between 
the  cells.  In  cheesy  necrosis  the  caseation  is  characterized  by  the  formation 
of  hyaline  and  fatty  granules.  In  the  preliminary  steps  of  this  caseation 
the  cells  become  hyaline  and  show  a  pronounced  disposition  to  cohere  and 
later  to  unite,  with  the  formation  of  protoplasmic  masses  (giant  cells). 
Later  these  giant  calls,  like  the  other  cells  of  the  tissue,  break  up  into  indefi- 
nite granules.  Such  cheesy  areas  take  no  stain,  and  usually  show  a  slightly 
yellowish  color  in  microscopic  sections. 

In  necrotic  tissue  it  not  infrequently  happens  that  the  retrogressive  changes 
lead  to  the  formation  of  new  chemical  compounds,  which  may  appear  in  the 
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tissues.  Of  these,  cholesterin,  leucin,  tyrosin,  and  crystals  of  the  fatty  acids 
are  most  frequent  and  easily  recognized.  Gangrenous  tissue  is  also  found 
to  be  replete  with  saprophytic  bacteria. 

A  zone  of  inflammatory  reaction  always  surrounds  an  area  of  necrosis,  or 
occurs  between  it  and  the  nearest  healthy  tissue. 

Terminations. — i.  Exfoliation  of  the  Sphacelus. — This  occurs  in 
gangrene  and  other  forms  of  superficial  necrosis.  The  dead  tissue  is  known 
as  the  sphacelus  or  slough.  The  effort  of  the  organism  is  to  separate  the 
dead  from  the  living  tissue.     The  dead  tissue,  probably  in  consequence  of 


Fig.  75. — Senile  dry  gangrene  of  the  lower  extremity,  showing  line  of  demarcation  (Hektoen). 

the  changes  to  which  it  is  subject  and  the  new  chemical  compounds  that  are 
formed  within  it,  is  a  source  of  continued  irritation  and  injury  to  the  sound 
tissue  against  which  it  impinges.  The  result  is  that  at  this  point  of  contact 
a  zone  of  inflammation  occurs — the  line  of  demarcation.  In  gangrene  of  the 
limbs  the  formation  of  this  line  of  demarcation  is  looked  for  with  the  great- 
est interest  by  the  surgeon,  as  indicating  that  the  gangrene  has  reached 
its  upper  limits,  and  as  soon  as  the  line  forms  entirely  around  the  limb,  am- 
putation can  safely  be  performed  above  it. 

If  such  a  line  of  demarcation  be  carefully  examined,  it  will  be  found 
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that  the  dead  tissue  is  actually  separated  from  the  living  tissue,  and  that 
between  them  an  interval  is  forming  and  widening.  As  the  dead  tissue 
separates  from  the  living  tissue,  an  ulcerated  surface  of  living  tissue  is  ex- 
posed. This  was  known  to  the  surgeons  as  the  line  of  ulceration.  It  soon 
becomes  covered  with  granulations,  and  the  process  of  active  repair  goes  on 
hand  in  hand  with  the  separation  of  the  sphacelus.  The  presence  of  bone 
in  the  gangrenous  extremities  complicates  tiie  process  of  repair  and  makes  it 
practically  impossible  for  nature  to  secure  a  satisfactory  result,  as  after  the 
complete  exfoliation  of  the  mass  the  bones  remain  protruding.  Surgical 
interference  is,  therefore,  necessary  for  the  successful  management  of  the 
stump. 

When  the  gangrene  or  necrosis  involves  simply  the  soft  tissues,  as  in  dia- 
betic gangrene  of  the  skin  and  in  noma,  the  exfoliation  of  the  sphacelus  is 
much  more  simple  and  can  be  permitted  to  take  care  of  itself. 

2.  Sequestration  and  Encapsulation. — These  occur  when  the  necrotic 
tissue  is  for  any  reason  prevented  from  being  exfoliated. 

Sequestration  is  seen  in  necrosis  of  the  bones  following  injury  or  infec- 
tion. The  necrosis  is  followed  by  separation  of  the  periosteum,  but  before 
the  dead  lamella  of  the  bone  can  be  exfoliated,  an  ossifying  periostitis  {q.  v.) 
occurs  with  the  formation  of  new  healthy  bone  about  and  partly  upon  the 
dead  lamella.  The  dead  tissue  is  thus  caught  or  sequestered,  and  is  in  con- 
sequence called,  a  sequestrum.  Its  presence  and  slow  retrogressive  changes 
prevent  perfect  recovery,  and  in  cases  of  bony  necrosis  with  the  presence 
of  a  sequestrum  open  sinuses  communicating  with  the  exterior  remain  until, 
after  months  or  sometimes  years,  the  sequestrum  is  eliminated,  after  which 
the  wound  heals.  As  the  presence  of  the  sequestrum  is  the  cause  of  all  the 
trouble,  its  surgical  removal  is  followed  by  immediate  recovery. 

Encapsulation  of  the  necrotic  tissue  occurs  in  the  deeper  organs,  where 
its  position  makes  it  impossible  for  the  dead  tissue  to  exfoliate.  The  dead 
tissue  having  completed  its  retrogressive  changes  is  little  by  little  absorbed, 
the  contracting  scar  tissue  following  it  as  it  diminishes  in  volume,  until,  at 
length,  only  a  fibrous  node  remains.  Such  changes  are  seen  in  infarcts  of 
the  spleen  and  kidney.  If  the  encapsulating  connective  tissue  does  not  con- 
tract, the  absorption  of  the  necrotic  tissue  leaves  a  cavity  filled  with  clear 
fluid  (colliquation  cyst),  as  in  infarcts  of  the  brain. 

3.  Absorption. — Absorption  of  the  necrotic  tissue  usually  follows  necrosis 
of  the  internal  organs,  such  as  is  observed  after  vascular  disturbances — throm- 
bosis, embolism,  infarction,  etc.  It  may  be  preceded  by  the  reactive  inflam- 
mation above  described.  The  absorption  of  the  necrotic  tissue  may  be 
complete,  no  traces  of  the  original  structure  remaining. 

Absorption  follows  colliquation  necrosis  more  readily  than  it  does  coagu- 
lation necrosis. 

4.  Calcification. — When  the  solution  and  absorption  of  necrotic  tissue  are 
delayed,  lime  salts  are  apt  to  be  deposited  in  the  mass.  It  thus  happens 
that  old  tubercles  with  cheesy  necrosis  calcify;  \h2Xphleboliths,  or  vein  stones 
and  arterioliths,  or  artery  stones,  are  formed  in  consequence  of  thrombosis, 
and  that  lime  salts  are  found  in  the  cicatrices  of  old  infarcts,  abscesses, 
gummata,  etc. 

5.  Cicatrization  or  Organization. — In  this  mode  of  termination  the 
necrotic  tissue  forms  a  framework  in  which  connective-tissue  formation  occurs. 
It  is  best  illustrated  in  thrombo-arteritis  and  thrombophlebitis  {q.  v.)  which 
succeed  thrombosis  and  terminate  in  organization. 
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DEATH. 

Death  is  the  cessation  of  life.  The  term  applies  to  the  organism  as  a 
whole,  all  its  component  elements  ceasing  to  live. 

Death  is  the  natural  termination  of  life,  all  known  living  beings  being 
mortal.  Although  the  reintegration  of  the  tissues  by  the  intussusception  of 
new  matter  is  one  of  the  phenomena  characteristic  of  life,  there  comes  a  time 
when  this  intussusception  of  new  matter  fails  and  the  cells  die,  the  death  of 
certain  groups  of  cells  determining  that  the  whole  organism  must  die. 

Death  may  \>q  physiologic  o\  pathologic.  The  former  occurs  after  a  length 
of  life  recognized  as  that  normal  to  the  species,  from  general  wearing  out  of 
the  cells  of  the  body  and  their  inability  longer  to  carry  on  its  functions. 
Pathologic  death  occurs  from  unnatural  causes,  at  a  time  when  the  individual 
is  not  yet  worn  out  and  when  the  cells  are  still  active.  When  a  careful 
analysis  of  the  two  conditions  is  made,  however,  it  is  not  possible  in  all 
cases  to  separate  physiologic  from  pathologic  death. 

A  brief  reflection  will  soon  convince  one  that  all  parts  and  functions  of 
the  body  are  not  essential  to  life.  The  motor  apparatus,  through  amputation 
of  the  limbs  or  general  paralysis,  may  be  entirely  put  out  of  service,  yet  life 
continue  unimpaired.  The  sexual  organs  have  nothing  whatever  to  do  with 
the  maintenance  of  life.  All  the  special  sense  organs  may  be  destroyed, 
yet  life  continue  just  the  same.  Thus,  one  by  one  eliminating  the  functions, 
all  of  which  are  essential  to  health,  we  find  that  only  three  are  indispensable 
to  life — circulation,  respiration,  and  innervation. 

Life  is  impossible  in  a  differentiated  organism  unless  a  nutritious  fluid  is 
circulated  among  its  cells,  and  unless  this  fluid  be  properly  aerated ;  and 
the  maintenance  of  this  circulation  is  impossible  without  a  regulating  nervous 
mechanism  ;  hence,  life  rests  upon  this  tripod,  and  when  any  one  of  the  essen- 
tial functions  is  suspended,  must  almost  immediately  cease. 

The  term  death,  as  we  have  thus  far  employed  it,  signifies  somatic  death, 
or  death  of  the  individual.  It  is  succeeded  some  time  later  by  molecular  or 
cellular  death.  In  somatic  death  all  those  phenomena  which  we  recognize  as 
making  up  life  cease,  but  the  cells  live  on  and  many  of  their  activities  can 
be  observed  for  hours  afterward.  This  persistence  of  cellular  life  after 
somatic  death  is  far  better  illustrated  by  experiments  upon  the  cold-blooded 
animals  than  upon  man.  The  tail  of  the  snake  continues  to  move  "until 
the  sun  goes  down."  The  head  of  a  decapitated  tortoise  can  still  hold  a 
stick  in  its  jaws,  and  its  heart  suspended  in  salt  solution  continues  to  pulsate 
for  many  hours.  The  decapitated  rattlesnake  will  "  strike  "  exactly  like  the 
normal  reptile  and  continue  furiously  to  shake  its  rattles.  These  movements, 
which  may  continue  for  hours,  are  an  exaggeration  of  the  muscular  twitch- 
ings  that  one  often  sees  in  the  freshly  quartered  cattle  in  slaughter-houses. 

That  certain  of  our  cells  long  retain  their  vitality  after  the  occurrence  of 
somatic  death  seems  to  be  shown  by  what  appear  to  be  authentic  cases  of 
considerable  growth  of  the  hair  and  nails  after  death. 

Signs  of  Death. — In  addition  to  the  cessation  of  circulation  and  res- 
piration, upon  which  dependence  is  commonly  placed  to  determine  whether 
or  not  life  has  become  extinct,  the  following  infallible  signs  of  death  are  of 
importance  : 

I.  Algor  mortis,  or  the  coldness  of  death.  With  the  cessation  of  life 
metabolism  ceases  and  the  temperature  falls  to  that  of  the  surrounding 
atmosphere.  The  fall  of  temperature  may  occur  in  an  hour  or  two,  or 
may  be  delayed  twelve  or  even  twenty-four  hours.  In  hot  weather,  of 
course,  this  sign  becomes  unimportant.  In  some  cases,  such  as  death  from 
tetanus,  the  temperature  may  continue  to  rise  for  a  few  hours  after  death. 
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2.  Rigor  mortis,  or  cadaveric  rigidity.  The  stiffness  of  death  depends 
upon  the  coagulation  of  the  contractile  substance  of  the  muscled.  It  comes 
on  in  from  four  to  twelve  hours  in  ordinary  cases,  but  may  occur  almost 
immediately  when  death  has  been  sudden.  It  is  said  that  upon  battlefields, 
where  men  and  horses  have  been  instantly  killed  by  bullets,  they  are  found 
standing  or  half  reclining  in  almost  the  identical  position  assumed  at  the 
moment  of  death.  In  very  slow  death  from  cachexia  and  marasmus  rigor 
mortis  may  not  appear  for  twenty-four  hours.  It  begins  in  the  muscles  of 
the  jaw  and  neck,  is  most  marked  at  the  knees  and  hips,  and  seems  to  con- 
tinue longest  in  the  hands  and  feet.  When  once  established,  it  continues  until 
decomposition  comes  on. 

3.  Livores  mortis,  or  the  spots  of  death.  Cadaveric  lividity  consists  of  a 
livid,  purplish  discoloration  of  the  dependent  parts  of  the  dead  body,  caused 
by  the  gravitation  of  blood  from  the  capillaries  of  the  upper  to  those  of  the 
lower  part  of  the  body.  The  color  varies  according  to  the  oxygenation  of 
the  blood.  If  the  superficial  vessels  were  full  before  death  and  the  patient 
cyanosed,  the  spots  will  be  dark.  In  CO-poisoning  they  are  said  to  be  red. 
The  parts  of  the  body  that  touch  the  table  remain  pale,  because  of  the 
inability  of  the  blood  to  enter  the  compressed  capillaries.  Pressure  upon  one 
of  the  spots  is  followed  by  pallor,  caused  by  the  expression  of  blood  from  the 
capillaries  pressed  upon  into  other  vessels.  Cadaveric  lividity  appears  in 
from  six  to  twelve  hours  and  remains.  The  upper  part  of  the  dead  body  is 
very  pale  and  white  for  the  same  reason  that  the  dependent  part  is  livid — 
that  is,  because  of  the  gravitation  of  the  blood. 

4.  Putrefaction.  Putrefaction  is  an  infallible  sign  of  death ;  its  appear- 
ance varies  in  time  with  the  temperature  and  the  condition  of  the  body  at 
the  time  of  death.  In  hot  weather  putrefaction  progresses  much  more  rapidly 
than  in  cold  weather.  Badly  infected  bodies,  as  those  in  which  gangrene  or 
septic  processes  have  occurred  before  death,  putrefy  more  quickly  than  do 
others.  It  is  said  that  the  bodies  of  those  dying  from  venom-poisoning 
putrefy  more  rapidly  than  do  others. 

5.  Loss  of  tissue  elasticity.  A  dead  body  flattens  where  pressed  upon  by 
the  table  or  bed,  and  upon  being  raised  does  not  assume  its  normal  rotundity. 
The  low  temperature,  by  congealing  the  fat  of  the  subcutaneous  tissue,  and 
the  occurrence  of  rigor  mortis  in  the  compressed  muscles  explain  the  loss  of 
elasticity. 

6.  Relaxation  of  the  sphincter  muscles.  The  eyes  of  dead  persons  usually 
open,  the  mouth  opens  and  the  jaw  drops,  feces  are  passed  as  the  sphincter 
ani  relaxes,  and  the  urine  dribbles. 

7.  Loss  of  transparency  of  the  cornea  and  dilatation  of  the  pupils.  The 
pupils  dilate  at  the  moment  of  death ;  the  cornea  shortly  becomes  clouded. 
The  eyes  usually  look  directly  forward  and  are  expressionless. 
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HYPERTROPHY. 

In  the  broad  sense  in  which  it  is  frequently  employed,  hypertrophy  is,  as 
its  etymology  indicates,  any  kind  of  an  overgrowth  of  the  body.  It  is,  how- 
ever, customary  to  speak  of  true  and  of  false  hypertrophy,  and  to  apply  the 
term  hypertrophy  to  the  former,  and  hyperplasia  to  the  latter. 

I.  Hypertrophy  or  true  hypertrophy  is  a  uniform  enlargement  of  a  part, 
depending,  upon  increase  in  all  its  component  elements.  Such  an  enlarge- 
ment is  almost  necessarily  accompanied  by  an  increase  of  functional  capacity, 
and,  in  fact,  most  hypertrophies  are  physiologic  in  origin  and  significance. 
They  may  be  either  congenital  or  acquired. 

Etiology. — Hypertrophy  may  depend  upon  : 

1.  Congenital  Impulse. — Certain  rare  cases  of  enormous  overgrowth  of 
certain  members  during  prenatal  and  postnatal  life  can  at  present  be  ac- 
counted for  only  by  reference  to  some  impulse  experienced  during  develop- 
ment. Cases  of  giant  growth  of  the  fingers  and  toes  are  included  in  this 
class.  Some  defect  in  the  organogenetic  influences  of  the  body  must  be  at 
the  bottom  of  these  overgrowths,  but  the  mechanism  of  their  formation  is 
not  understood. 

2.  Exercise.  —  Unusual  exercise  demands  increased  energy.  When, 
therefore,  any  part  of  the  body  is  unduly  active,  Nature  undertakes  to 
compensate  for  the  tax  placed  upon  it  by  increasing  its  substance  by  a  true 
hypertrophy  of  all  its  parts,  so  that  its  function  may  be  increased  to  supply 
the  demands  made  upon  it.  Such  growth  is,  therefore,  known  as  compensa- 
tory or  physiologic  hypertrophy.  Familiar  examples  are  the  well-developed 
muscles  of  the  athlete,  the  arm  of  the  blacksmith,  the  heart  obstructed  by 
valvular  defects,  and  the  kidney  when  its  fellow  is  diseased,  hypoplastic, 
or  removed. 

3.  Nervous  Impulses. — These  act  in  response  to  stimuli  and  appear  to  be 
reflex  in  character.  Shortly  after  conception  takes  place  the  mammary  glands 
become  sensitive  and  enlarge  to  meet  the  expected  demands  of  lactation. 
When  a  large  part  of  the  thyroid  gland  is  removed,  the  hypophysis  cerebri 
undergoes  hypertrophy  in  consequence. 

4.  Disease  of  the  hypophysis  cerebri  is  associated  with  acromegaly 
{g.  v.),  a  disease  characterized  by  hypertrophy  of  the  tissues  of  the  face  and 
extremities. 

Hypertrophy  is  said  to  be  simple  or  numeric.  In  simple  hypertrophy  the 
size  of  all  the  component  elements  of  the  part  is  increased.  This  condition 
is  seen  in  the  uterus  during  pregnancy.  In  numeric  hypertrophy  the  number 
of  the  component  elements  is  increased.  This  condition  is  more  character- 
istic of  hyperplasia  than  of  hypertrophy.  The  truth  probably  is  that  in  true 
hypertrophy  both  the  size  and  number  of  the  elements  are  increased. 

Morbid  Anatomy. — The  hypertrophied  part  preserves  its  configuration, 
but  is  larger  than  normal.  It  shows  no  variations  of  color,  consistence, 
structure,  or  function  other  than  are  compatible  with  its  increased  size. 
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Morbid  Histology. — Except  when  the  cells  are  measured  to  show  that 
they  are  larger  than  normal,  the  hypertrophic  part  shows  no  histologic 
departure  from  the  normal.  During  the  growth  of  the  hypertrophic  part 
an  increased  number  of  dividing  cells  may  be  present,  so  that  the  tissue  may 
more  closely  resemble  that  of  youth  than  that  of  adult  life. 

Special  Forms  of  Hypertrophy. — Qigantism. — Gigantism  is  hyper- 
trophy or  excessive  growth  of  the  entire  body.  The  excessive  growth  may 
begin  in  intra-uterine  life,  so  that  when  the  chilli  comes  to  term  it  is  abnor- 
mally large.     Gigantism  is,  however,  usually  dependent  upon  prolonged  and 
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Fig.  76. — X-ray  picture  of  the  right  foot  of  a  boy  with  congenital  hypertrophy  of  the  third, 
fourth,  and  fifth  toes,  showing  that  the  bones  as  well  as  the  soft  parts  are  involved  in  hyper- 
trophy.    A  is  the  great  and  B  the  little  (?)  toe  (from  a  case  of  Dr.  James  P.  Mann). 


rapid  growth  during  adolescence.  It  depends  upon  exaggeration  of  the 
normal  growth  at  the  regular  time  and  is  impossible  late  in  life.  As  will  be 
shown  below,  attempted  growth  in  later  life  fails  to  occasion  any  increase  in 
stature  because  of  the  union  of  the  shafts  and  epiphyses  of  the  bones,  and 
only  provokes  irregular  enlargements  of  the  extremities  (acromegaly).  The 
giant  is  rarely  vigorous  or  powerful  in  proportion  to  his  size,  the  vigor  of 
growth  apparently  being  accompanied  by  diminution  of  the  general  vital 
powers.  Giants,  therefore,  are  commonly  of  delicate  and  feeble  physique. 
It  is  impossible  accurately  to  define  what  shall  constitute  a  giant.  The 
average  height  of  men  in  the  United  States  is  approximately  5  ft.  7  in.,  but 
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every  one  knows  men,  not  regarded  as  in  any  way  unusual,  who  measure  6  ft. 
I,  2,  or  3  in.  Exceptionally  tall  men  measure  6  ft.  4  in. ;  unusually  tall 
men  of  6  ft.  6  or  7  in.  occur,  yet  do  not  merit  the  term  giants,  so  that 
there  is  no  limit  between  tall  men  and  giants  any  more  than  between  short 
men  and  dwarfs. 

Many  of  the  giants  have  found  it  profitable  to  exhibit  themselves,  and 
have  attained  celebrity  in  this  way.  The  measurements  given  under  these 
circumstances  are,  however,  rarely  reliable.  Of  the  well-authenticated 
giants,  Gould  and  Pyle  mention  the  "  Irish  Giant  "  (O'Brien),  whose  skele- 
ton was  in  the  collection  of  John  Hunter.  He  was  supposed  to  be  8  ft. 
4  in.  tall,  the  skeleton  measuring  92^  in.  Patrick  Cotter,  another  "  Irish 
Giant,"  measured  8  ft.  4  in.  at  the  time  of  his  death.  Captain  Bates, 
familiarly  known  as  the  "  Kentucky  Giant,"  who  was  a  familiar  exhibitionist 
in  this  country  from  1866  to  1880,  measured  7  ft.  2 J  in.  and  was  well  pro- 
portioned, weighing  450  pounds.  His  wife,  Anna  H.  Swann,  the  "  Nova 
Scotia  Giantess,"  was  7  ft.  5  J  in.  in  height. 

The  etiology  of  gigantism  is  obscure.  Examinations  of  the  skulls  of  giants 
have  shown  an  abnormal  size  of  the  sella  turcica,  suggesting  disease  of  the 
pituitary  body. 

Acromegaly,  which  will  be  again  mentioned  in  connection  with  the  dis- 
eases of  nutrition  and  metabolism,  is  a  second  form  of  giant  growth,  char- 
acterized by  true  hypertrophy  of  the  features,  hands,  and  feet,  occurring  in 
adult  life,  and  usually  being  associated  with  disease  of  the  pituitary  body. 
The  relation  of  gigantism  and  acromegaly  is  probably  very  close.  Gigantism 
is  excessive  growth  during  adolescence  ;  acromegaly,  excessive  growth  in 
adult  life.  Both  conditions  appear  to  be  associated  with  enlargement  or 
disease  of  the  hypophysis  cerebri.  In  some  cases  acromegaly  seems  to  be 
hereditary. 

The  disease  occurs  in  both  sexes,  though  more  frequently  in  men.  It 
usually  appears  at  or  subsequent  to  middle  life.  It  comes  on  insidiously, 
and  there  are  a  gradually  increasing  enlargement  of  the  features  and  an  over- 
growth of  the  hands  and  feet.  The  face  may  change,  so  that  the  sufferer 
becomes  almost  unrecognizable  to  those  who  have  not  seen  him  for  some 
time.  -The  malar  bones  are  greatly  increased,  the  nose  becomes  wide  and 
thick,  the  supra-orbital  ridges  become  prominent,  the  jaw  enlarges,  and 
the  expression  becomes  dull.  The  hands  and  feet  may  be  enormous  and 
out  of  all  proportion  to  the  size  of  the  individual. 

When  a  dissection  is  made  and  the  tissues  examined,  a  true  hypertrophy 
is  found,  but  the  overgrowth  is  irregular  in  some  particulars.  Thus,  the 
increase  of  bony  substance  is  accompanied  by  the  formation  of  numerous 
exostoses  of  small  size  and  irregular  form. 

II.  False  hypertrophy  or  hyperplasia  causes  asymmetric  enlargements, 
depending  upon  increase  of  the  tissues.  It  is  an  exceedingly  common  mor- 
bid process,  and  may  occur  in  almost  any  tissue  and  in  any  organ.  The 
tissue  most  frequently  hyperplastic  is  the  fibrous  connective  tissue. 

Etiology. — The  causes  of  such  hyperplasia  as  enters  into  the  formation 
of  tumors  are  obscure,  but  can  be  referred  to : 

I.  Irritation. — The  reaction  of  the  tissues  to  a  mild  degree  of  irritation  is 
usually  accompanied  by  hyperplasia.  Severe  irritation  provokes  degenera- 
tion or  inflammation.     The  irritations  leading  to  hyperplasia  may  be : 

(a)  Mechanical. — The  presence  of  a  foreign  body  in  a  tissue  is  usually 
succeeded  by  a  surrounding  growth  of  connective  tissue. 

The  wearing  of  a  tight  shoe,  by  inducing  mechanical  pressure  upon  the 
skin  of  the  toes  and  provoking  hyperemia,  frequently  occasions  hyperplasia 
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of  the  epithelial  tissues,  accompanied  by  keratosis  and  the  formation  of  a 
corn. 

The  obstruction  of  the  lymphatics  by  certain  parasites,  such  as  filaria, 
together  with  the  local  irritation  the  worms  may  cause,  sometimes  leads  to 
enormous  hyperplasia  of  the  subcutaneous  areolar  tissue  and  the  condition 
known  as  elephantiasis  {q.  p.). 

(J?)  Chemical. — Alcohol  absorbed  from  the  digestive  tract  and  carried  to 
the  liver  in  the  portal  blood  causes  irritation  of  the  hepatic  tissue  with 
increase  in  the  periportal  connective  tissue  and  the  developnient  of  cirrhosis. 
Lead  and  other  chemical  irritants  eliminated  from  the  body  in  the  urine  act 
similarly  upon  the  kidney,  provoking  increase  of  its  connective  tissue. 

2.  Trophic  or  Nervous. — In  the  disease  of  childhood  known  as  pseudo- 
hypertrophic muscular  palsy  the  muscles  are  abnormally  large,  not  because 
of  any  actual  increase  in  their  own  tissue,  but  because  of  hyperplasia  of  the 
intermuscular  fat,  which  is  succeeded  by 

fatty  degeneration  of  the  muscle  fibers, 
and  eventually  by  marked  atrophy. 

3.  Loss  of  Tone. — When  through 
morbid  changes  the  bulk  of  any  organ 
becomes  diminished,  hyperplasia  of 
neighboring  tissues  occurs  to  compen- 
sate and  fill  up  the  gap.  Thus,  when 
one  of  the  kidneys  atrophies,  hyper- 
plasia of  the  perirenal  fatty  tissue  com- 
monly occurs  to  fill  up  the  space  it  oc- 
cupied. 

4.  Excessive  Nutrition  from  Hyper= 
emia. — In  hyperemia  of  the  uterus  the 
endometrium  sometimes  undergoes  hy- 
perplasia. Chronic  hyperemia  of  any 
organ  is  commonly  associated  with  in- 
crease in  its  connective-tissue  frame- 
work. The  skin  upon  the  hands  of 
laborers,  from  the  hyperemia  and  ir- 
ritation, becomes  very  thick  and  de- 
velops callosities  in  consequence  of 
hyperplasia  of  its  epithelial  layers. 

Morbid  Anatomy. — Hyperplasia 
is  irregular  and  asymmetric.  In  elephantiasis  the  form  of  the  part  may 
simulate  the  normal,  but  it  is  greatly  altered  in  the  relation  of  component 
tissues,  the  functional  capacity  being  destroyed  rather  than  increased,  as  in 
hypertrophy.  In  other  cases,  as  in  tumors,  the  hyperplasia  may  confine 
itself  to  no  limitations  of  form  or  size,  but  the  tissue  growth  may  occur  in 
every  direction.  Hyperplasia  is  readily  recognized  by  preponderance  of 
certain  tissues  which  destroys  the  symmetry  of  the  part  affected. 

Morbid  Histology. — Hyperplasia  can  be  recognized  microscopically, 
as  macroscopically,  by  the  disproportion  between  the  component  tissue 
elements.  The  diversity  of  form  assumed  makes  the  recognition  of  hyper- 
plasia dependent  upon  knowledge  of  the  normal  structure  of  the  organ,  just 
as  its  recognition  by  the  unaided  eye  depends  upon  knowledge  of  the  nor- 
mal anatomy  of  the  part.  The  striking  increase  in  the  connective  tissue  of 
the  liver  and  kidneys  in  cirrhosis,  the  increase  both  in  fibrous  and  elastic 
tissue  in  the  lung  in  passive  congestion,  the  encapsulating  connective-tissue 
masses  about  old  tubercles,  gummata,  abscesses,  etc.,  cannot  fail  to  appeal  to 
the  student  as  sufficiently  characteristic. 


Fig.  77. — Elephantiasis  of  enormous  devel- 
opment ("  Barbadoes  leg")  (after  Smith). 
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Metaplasia  is  the  transformation  of  a  tissue  into  one  of  different  type. 
It  is  illustrated  in  the  formation  of  bone  in  the  connective  tissues,  in  the 
muscles  in  myositis  ossificans,  in  the  trabeculae  of  the  lung,  etc.,  also  in 
the  fatty  infiltration  of  the  areolar  tissue,  by  which  it  becomes  transformed 
into  adipose  tissue.  The  blastodermic  type  of  the  tissue  is  never  altered. 
Epithelium  never  becomes  connective  tissue,  nor  connective  tissue  epi- 
thelium. 

Apparent  metaplasia  sometimes  depends  upon  atrophy  or  necrobiosis  with 
wasting  and  loss  of  certain  structures  and  consequent  preponderance  of  others. 

NEOPLASMS  OR  TUMORS. 

A  tumor  is  a  functionless  and  often  harmful  new  growth,  depending  upon 
progressive  hyperplasia  or  metaplasia  of  tissue.  It  is  atypical  in  structure, 
though  consisting  of  tissues  normal  to  the  body. 

Tumors  arise  without  apparent  cause.  Inflammation  is  unessential  to 
their  occurrence,  and  their  structure  is  dissimilar  to  that  of  inflammatory 
lesions  in  that  the  characteristic  phenomena  of  inflammation  are  absent. 
There  is  no  hyperemia,  no  exudation,  no  leukocytic  invasion,  no"  granulation 
tissue,  no  cicatrization.  Instead,  the  tissues  in  which  the  tumor  develops 
and  which  surround  it  are  entirely  indifferent  to  its  presence  or  show  changes 
depending  solely  upon  the  compression  or  disorganization  to  which  they  may 
be  accidentally  subjected.  Moreover,  it  is  characteristic  of  tumors  to  increase 
and  persist,  while  inflammations  tend  to  recover  and  disappear.  Inflamma- 
tory growths  are  always  heteroplastic — that  is,  consist  of  connective  tissue, 
regardless  of  the  tissue  or  organ  in  which  they  occur ;  while  tumors  are  in 
many  cases  homoplastic,  or  like  the  tissues  from  which  they  grow. 

Tumors  consist  of  tissues  more  or  less  accurately  reproducing  those  of  the 
normal  individual  either  in  their  embryonal  or  adult  condition,  though  they 
differ  from  normal  tissues  and  organs  in  being  heterogeneously  and  disad- 
vantageously  placed,  in  being  by  position  and  arrangement  incapable  of 
function,  and  in  being  independent  of  those  regulating  mechanisms  of  the 
body  by  which  its  parts  conform  to  a  normal  morphology  and  act  in 
harmony.  Exemption  from  such  regulation  causes  them  to  form  actual 
parasitic  tissue  masses,  living  at  the  expense,  rather  than  for  the  benefit,  of 
the  body. 

Tumors  differ  from  simple  hyperplasiae  only  by  their  more  circumscribed 
form. 

Morphology. — Size. — Tumors  know  no  limitations  of  size  except  those 
occasioned  by  internal  conditions,  such  as  ability  to  secure  nutriment 
for  the  continuous  vegetative  activity  of  their  cells.  Fortunately,  internal 
conditions  of  malnutrition  are  met  in  nearly  every  tumor,  precluding  it 
from  attaining  excessive  size.  Occasionally,  however,  the  blood  supply 
of  the  tumor  is  rich,  the  cells  remain  healthy,  and  the  tumor  may  reach  a 
size  and  weight  almost  beyond  belief,  as  in  the  case  reported  by  Delameter, 
of  a  tumor  weighing  275  pounds  attached  to  a  patient  weighing  only  100 
pounds. 

External  conditions,  such  as  ulceration  and  infection,  may  also  interfere 
with  the  continuous  enlargement  of  tumors  by  destroying  their  substance. 

Shape. — The  general  tendency  of  every  tumor  is  probably  toward  spher- 
icity, but  it  rarely  happens  that  it  is  able  to  grow  without  some  kind  of 
opposition  by  which  its  shape  is  modified. 

A  tumor  mass  developing  within  an  organ  and  meeting  with  an  equal 
opposition  on  all  sides,  as  in  the  center  of  the  liver,  is  usually  spherical. 
Such  a  growth, is  known  as  a  node. 
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When  a  tumor  forms  in  a  situation  in  which  its  growth  is  unimpeded 
except  upon  one  side,  it  forms  a  hemispherical  enlargement  which  is  some- 
times known  as  a  tubercle,  though  this  term  is  confusing  as  suggesting  rela- 
tionship with  tuberculosis,  which  is  not  the  case.  A  plateau-like  growth 
well  illustrated  by  the  epitheliomata  of  the  skin  is  called  a  flat,  tabular 
swelling. 

A  node  situated  beneath  the  skin  or  a  mucous  or  serous  membrane  may 
in  the  course  of  time  become  so  heavy  as  to  make  traction  upon  its  covering 
membrane  and  thus  appear  stalked  or  pedunculated,  receiving  the  name 
polyp. 

If  the  pedicle  remain  short  and  the  node  enlarge  so  as  to  overhang  the 
base  like  a  mushroom,  the  growth  is  called  &  fungus. 

Some  fungous  tumors  are  villous  or  branched  and  justify  the  terms  cauli- 
flower or  dendritic. 

As  a  tumor  is  a  "  new  growth,"  it  invariably  causes  enlargement  of  the 
part  in  which  it  grows.  Many  tumors  continue  to  enlarge  and  increase  the 
size  of  the  part  affected;  others,  however,  soon  degenerate  and  ulcerate, 
and  through  loss  of  substance  may  cause  diminution  in  the  size  of  the  part 
affected.  When  much  inflammatory  reaction  occurs,  cicatricial  formations 
with  contraction  may  further  diminish  the  size.  Such  conditions  occur  in 
scirrhous  tumors  of  the  mamma  and  in  tumors  of  the  pylorus  of  the  stomach, 
whose  degenerating  substance  is  apt  to  be  digested  by  the  gastric  juice. 

Color. — The  color  of  the  tumor  depends  upon  the  tissue  or  combination 
of  tissues  of  which  it  consists.  Fatty  tumors  are  yellow ;  muscular  tumors, 
grayish  red ;  sarcomata,  grayish  pink ;  mixed  tissues,  such  as  occur  in  car- 
cinoma, are  variegated  because  of  alternating  pinkish  tumor  tissue,  yellow 
fatty  tissue,  and  whitish  fibrous  tissue.  As  the  majority  of  neoplasms  are 
badly  nourished,  their  tissues  usually  appear  paler  than  normal  tissues  of  the 
same  kind.  Hemorrhages  and  retrogressive  change  cause  them  to  contain 
dark  areas  occupied  by  disintegrating  blood,  brownish  or  yellowish  areas 
infiltrated  by  blood  pigment,  and  yellowish  or  whitish  areas  of  necrosis. 

The  melanoma  and  chloroma  are  characterized  by  an  abundance  of 
metabolic  pigment,  by  which  they  may  vary  from  yellow  to  black.  The 
melanoma  may  be  coal  black. 

Consistency. — The  consistency  of  the  tumor  depends  upon  its  structure. 
Tumors  of  osseous  and  chondrous  tissue  are  extremely  hard  ;  those  of  mucous 
tissue,  extremely  soft.  The  occurrence  of  mucoid  metamorphosis  in  the  tumor 
makes  it  much  softer,  of  calcareous  infiltration,  very  much  harder,  than  it 
would  otherwise  be. 

Number. — Tumors  may  be  single  or  multiple.  In  most  instances  there  is 
but  one  primaiy  tumor,  though  there  may  be  many.  Large  numbers  of 
secondary  or  metastatic  tumors  may  arise  from  a  primary  tumor.  Sometimes 
malignant  tumors  arise  independently  of  one  another  in  different  organs  at 
the  same  time,  as  in  both  mammary  glands,  or  in  one  or  both  mammse  and 
in  the  uterus. 

Benign  tumors  may  also  be  multiple,  though  they  are  entirely  indepen- 
dent of  one  another.  Chondromata  may  be  numerous,  especially  when 
affecting  the  small  bones  of  the  hands  and  feet. 

The  most  frequent  multiple  tumor  is  the  neuromolluscum  fibrosum,  of 
which  more  than  a  thousand  have  been  counted  upon  one  patient. 

Tumors  may  occur  simultaneously  and  independently  of  one  another,  yet 
be  of  different  kinds.  Thus,  a  patient  might  suffer  from  fibroids  of  the 
uterus,  carcinoma  of  the  breast,  epithelioma  of  the  cervix  uteri,  etc.,  at  the 
same  time.  Such  occurrences  are  accidental,  and  cannot  be  interpreted  as 
showing  any  special  predisposition  to  tumor  development. 
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Structure  of  Neoplasms. — All  tumors  correspond  in  structure  with 
the  embryonal  or  fully  developed  tissues  of  the  body.  The  correspondence  is 
imperfect,  however,  because  of  the  rapidity  of  growth,  irregularity  of  arrange- 
ment," lack  of  function,  and  tendency  to  degeneration  inherent  in  all  neo- 
plasms. 

Typical,  homoplastic,  or  homologous  tumors  correspond  in  structure  with 
the  tissues  from  which  they  spring ;  atypical,  heteroplastic,  or  heterologous 
tumors  fail  to  do  so.  Primary  homologous  tumors  depend  upon  hyperplasia, 
heterologous  tumors  upon  metaplasia,  of  the  tissues. 

Neoplasms  may  consist  of  single  tissues  with  correspondingly  simple  struc- 
ture, or  of  combinations  of  tissue  bearing  a  more  or  less  complete  resem- 
blance to  organs  of  the  body.  Virchow  made  this  the  basis  of  a  classifica- 
tion in  which  the  simple  tissues  were  called  histoid  or  histioid,  and  the  tumors 
of  combined  tissues  organoid.  Certain  neoplasms  not  easily  referred  to 
either  class  and  containing  derivatives  of  all  three  blastodermic  layers  he 
called  teratoid  and  considered  analogous  to  monsters. 

The  simple  or  histoid  tumors  consist  of  adipose  tissue  (lipoma),  fibro- 
connective  tissue  (fibroma),  cartilaginous  tissue  (chondroma),  osseous  tissue 
(osteoma),  muscular  tissue  (myoma),  mucous  tissue  (myxoma),  and  embry- 
onal connective  tissue  (sarcoma). 

The  organoid  tumors  most  commonly  represent  a  very  atypical  gland-like 
structure,  and  all  contain  epithelial  as  well  as  mesoblastic  tissues  (epithelioma, 
adenoma,  and  carcinoma). 

The  teratoid  tumor  best  known  is  the  ovarian  dermoid. 

All  neoplasms  contain  blood  vessels,  nerves,  and  lymphatics. 

The  blood  vessels  of  tumors  originate  from  pre-existing  vessels.  As  the 
neoplasm  develops  without  organogenetic  influence,  its  vascularization  is  usu- 
ally disproportionate  to  the  requirements.  In  the  greater  number  of  cases 
the  vascularization  is  inadequate,  so  that  the  growth  of  the  tumor  is  at  the 
expense  of  its  nutrition,  and  degeneration  of  the  older  parts  of  the  growth 
is  inevitable.  On  the  other  hand,  the  vascularization  of  the  neoplasm  may 
be  excessive,  so  that  it  is  penetrated  in  all  directions  by  good-sized  vessels 
(plexiform),  or  contains  vessels  of  unnecessarily  large  size  (telangiectasis),  or 
may  contain  greatly  dilated  blood  cavities  (cavernous). 

The  vascularization  of  new  growths  is  nearly  always  atypical,  some  parts 
of  the  growth  being  plexiform,  telangiectatic,  or  cavernous,  other  parts 
showing  ischemia  with  degeneration.  The  excessively  vascularized  parts  of 
new  growths  are  predisposed  to  interstitial  hemorrhages. 

A  common  peculiarity  in  the  vessels  of  morbid  growths  is  lack  of  capil- 
laries, owing  to  which  the  blood  cannot  properly  be  distributed  to  the  tissue 
elements,  so  that  early  degeneration  of  cells,  even  of  those  close  to  the  ves- 
sels, is  inevitable. 

In  some  cases  the  structure  of  the  vessels  is  defective,  and  in  sarcomata 
they  commonly  have  imperfectly  developed  walls,  and  not  infrequently  ter- 
minate in  simple  channels  or  spaces  among  the  cells  of  the  tumor — a  condi- 
tion predisposing  to  the  transportation  of  the  cells  of  the  tumor  to  remote 
regions,  where  metastatic  growths  occur. 

The  nerves  of  tumors  are  few  in  number  and  usually  atypical  in  structure, 
commonly  being  devoid  of  the  medullary  sheaths. 

The  lymphatics  of  neoplasms  are  usually  plentiful,  often  superabundant, 
and  may  be  plexiform  or  cavernous. 

Tumors  being  thus  supplied  with  vessels,  nerves,  and  lymphatics,  it  is 
possible  for  micro-organisms  to  be  brought  to  them  in  the  same  manner  as 
to  other  tissues,  and  in  them  the  phenomena  of  infection,  inflammation, 
suppuration,  and  other  pathologic  processes  may   take  place.      Repair  by 
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granulation  and  cicatrization  may  occur  in  tumors  as  in  other  tissues,  though 
the  atypical  conditions  prevailing  in  all  neoplasms  cause  some  aberration 
from  the  normal  in  whatever  pathologic  processes  are  present. 

Though  true  that  tumors  usually  grow  from  those  tissues  in  which  they 
occur,  they  differ  from  simple  hyperplasia  in  that  the  histoid  tumors  are 
distinctly  circumscribed  by  a  surrounding  "capsule."  The  more  simple  the 
structure  of  the  tumor,  the  more  distinct  this  capsule  appears,  and  the  more 
clearly  the  growth  is  differentiated  from  the  normal  tissue.  Such  capsules 
are  most  nearly  perfect  in  lipomata  or  fatty  tumors,  which  almost  spring 
from  the  matrix  when  it  is  incised.  The  capsule  consists  in  part  of  tissue 
belonging  to  the  neoplasm  itself,  in  part  of  the  connective-tissue  framework 
of  the  organ  in  which  it  occurs,  and  which  has  been  gradually  pushed  aside 
as  the  tumor  has  grown. 

The  isolation  of  the  tumor  mass  from  its  matrix  by  encapsulation  of  this 
kind  has  increased  the  favor  with  which  the  "embryonal  rest  theory"  of 
their  origin  has  been  received. 

The  more  completely  the  tumor  is  encapsulated,  the  less  apt  it  is  to  do 
harm.  Malignant  tumore  are  either  unencapsulated  or  have  very  imperfect 
capsules.  Sometimes,  as  in  adenoma,  a  part  of  the  tumor  is  well  encap- 
sulated, while  another  part  is  continuous  with  the  gland  from  which  the 
tumor  springs.  Such  tumors  are  apt  to  take  on  subsequent  malignancy.  In 
typical  malignant  tumors,  such  as  the  carcinoma,  no  sign  of  encapsulation 
exists. 

Mode  of  Growth. — Tumors  are  said  to  grow  either  by  interstitial 
expansion  or  by  peripheral  infiltration.  All  tumors  grow  by  interstitial 
expansion,  or  the  multiplication  of  elements  throughout  their  substance. 
Benign  tumors  grow  exclusively  by  this  method,  the  malignant  tumors  add- 
ing peripheral  infiltration.  The  infiltration  is  extremely  detrimental  to  the 
infiltrated  tissue,  which  is  slowly  disorganized  by  the  invading  tumor  cells 
which  grow  into  its  interstices,  fill  up  its  lymphatic  spaces,  appropriate  its 
nutriment,  compress  its  elements,  and  so  bring  about  its  gradual  disorgan- 
ization. Tumors  with  a  marked  infiltrative  tendency,  though  they  may 
remain  local,  may  invade  the  vital  organs  of  the  body,  and,  by  transform- 
ing them  into  neoplasmic  masses  incapable  of  function,  cause  death. 

The  growth  of  tumors  is  limited  chiefly  by  the  amount  of  nourishment 
they  receive.  So  long  as  they  are  properly  nourished  they  increase  in  size ; 
so  soon  as  they  outgrow  the  nutrient  supply  growth  is  checked  and  retro- 
gressive changes  set  in. 

It  usually  takes  months  or  years  for  a  simple  tissue  tumor  to  become  very 
large,  though  malignant  tumors  may  develop  quite  rapidly.  The  more 
simple  the  structure  of  the  tumor  and  the  less  the  opposition  it  meets  from 
surrounding  parts,  the  more  rapidly  it  grows. 

Retrogressive  Changes. — The  most  frequent  degeneration  of  tumors 
is  mucoid  metamorphosis  of  the  connective-tissue  fibers  and  cells.  It  occurs 
in  badly  nourished  parts,  and  leads  to  the  formation  of  softened  areas  and  of 
colliquation  cysts. 

Colloid  metamorphosis  of  the  cells  of  epithelial  tumors  is  frequent,  and  is 
usually  recognizable  macroscopically  by  the  presence  of  cysts  of  varying  size 
filled  with  the  yellowish,  colloid  material.  In  ovarian  cysts  both  colloid  and 
mucoid  degeneration  may  occur,  or  pseudomucin  may  be  formed. 

Calcification  is  common  in  tumors.  It  may  take  the  form  of  a  deposit  of 
amorphous  granules  or  may  lead  to  actual  bone  formation  (ossification).  In 
other  cases  crystalline  spheres  and  cylinders  are  formed,  as  in  psammoma. 

Pigmentation  of  tumors  is  frequent  as  the  result  of  hemosiderin  set  free 
from  destroyed  red  blood  corpuscles  after  hemorrhagic  extravasation.     The 
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most  striking  pigment  found  in  tumors  is  melanin,  which  occurs  in  the 
malignant  tumor  known  as  melanoma  or  melanotic  sarcoma,  and  may  make 
the  tissue  black.  Its  presence  is  associated  with  a  very  marked  malignancy. 
Chloroma  contains  a  greenish-yellow  pigment. 

Fatty  infiltration  is  seen  in  liporha;  fatty  metamorphosis  in  the  older, 
disintegrating  parts  of  carcinoma. 

Hyaline  degeneration  is  seen  in  certain  tumors,  especially  in  cylindroma. 

Necrosis  is  common  in  all  tumors. 

Ulceration  of  tumors  is  frequent  as  the  result  of  superficial  softening,  of 
infection,  and  of  traumatic  injury  with  imperfect  repair. 

Morbid  Physiology. — The  growth  of  a  tumor  is  entirely  independent 
of  that  of  the  individual  in  whom  it  occurs,  and  takes  place  regardless  of  his 
physical  condition.  Thus,  though  from  other  causes  the  body  may  be  in  a 
condition  of  extreme  emaciation,  a  fatty  tumor  may  continue  to  grow,  and 
though  the  fats  elsewhere  in  the  body  are  absorbed,  the  fat  deposited  in  the 
tumor  persists  and  increases.  They  also  grow  well  in  those  whose  advanced 
years  have  destroyed  the  vegetative  activity  of  the  normal  tissues. 

Tumors  perform  no  function  useful  to  the  economy.  The  cells  of  orga- 
noid tumors  with  glandular  structure  may  carry  on  a  functional  activity,  but 
it  results  only  in  the  accumulation  of  material  which  collects  to  form  cysts. 

Disposition  and  Tendencies. — According  to  their  disposition,  tumors 
are  denominated  benign  or  malignant. 

A  benign  tumor  is  one  whose  inherent  tendency  is  to  remain  local  and  do 
no  other  harm  than  its  presence,  size,  or  position  may  determine.  Any  injury, 
therefore,  that  follows  the  presence  of  a  benign  growth  is  to  be  looked  upon  as 
accidental  and  unexpected.  Thus,  a  pedunculated  benign  tumor  of  the 
larynx,  by  accidentally  getting  caught  between  the  vocal  cords,  has  been 
known  to  cause  death  from  suffocation,  not,  of  course,  because  such  was  the 
tendency  of  the  growth,  but  because  its  position  accidentally  permitted  it. 
Small  benign  tumors  of  the  spinal  membranes  may  press  upon  the  cord,  occa- 
sion degeneration  of  its  tracts,  and  so  bring  about  hopeless  palsy.  Benign 
tumors  of  the  brain  may  cause  Jacksonian  epilepsy,  palsy,  and  even  death 
by  pressing  upon  important  centers.  Benign  cartilaginous  tumors  of  the 
bones  may  interfere  with  the  proper  movement  of  the  limbs.  Very  large 
benign  tumors  may  appropriate  so  much  of  the  patient's  blood  that  he  is 
no  longer  able  to  maintain  the  integrity  of  his  own  tissues  and  also  nourish 
the  enormous  mass  of  the  tumor. 

The  weight  of  large  tumors  may  also  exhaust  the  strength  of  those  who 
have  to  carry  them  about. 

A  malignant  tumor  is  characterized  by  an  inherent  tendency  to  disorgan- 
ize the  tissue  in  which  it  grows,  return  when  excised,  distribute  metastatic 
secondary  growths, to  other  parts  of  the  body,  and  eventually  cause  the  death 
of  the  patient.  The  injury  that  it  inflicts  upon  the  patient  is  not  accidental, 
but  is  the  inevitable  result  of  its  mode  of  growth. 

Malignant  tumors  are,  therefore,  characterized  as  follows  : 

1.  A  Tendency  to  Invade  and  Disorganize  the  Tissues. — The  malignant 
tumors  grow  in  part  by  peripheral  infiltration,  their  cells  being  unconfined 
by  any  encapsulation,  penetrating  into  the  interstices  of  the  neighboring 
tissues  and  separating  their  component  elements,  which  subsequently  disappear 
by  atrophy  from  pressure  and  malnutrition.  The  cells  also  grow  into  the 
lymphatic  spaces  and  channels,  which  they  fill  up  and  obstruct.  Such  a 
tumor,  therefore,  has  many  extensions  which  may  be  compared  to  the  roots 
of  a  tree  or  legs  of  a  crab,  and  no  doubt  suggested  the  term  "  cancer,"  by 
which  such  tumors  were  first  known. 

2.  A  Tendency  to  Recur  when  Excised. — This  peculiarity,  which  is  known 
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as  recidivity,  is  characteristic  of  unencapsulated  tumors.  It  depends  upon 
the  continuous  growth  of  offshoots  of  the  tumor  which  are  left  behind  when 
it  is  removed.  Tumors  of  circumscribed  form,  surrounded  by  encapsulated 
connective  tissue  and  devoid  of  cellular  extensions  into  neighboring  tissues, 
cannot  recur  when  excised. 

3.  A  Tendency  to  Cellular  Embolism,  by  which  Secondary  Growths  are 
Started  in  Remote  Organs. — The  cellular  emboli  may  be  very  small,  consist- 
ing of  a  cell  or  two,  and  may  be  transported  from  organ  to  organ  either  by 
the  blood  or  lymph  circulation.  The  distribution  of  a  tumor  by  these  means 
is  called  metastasis.  It  occurs  chiefly  through  the  lymphatic  circulation  in 
carcinoma ;  chiefly  through  the  blood  circulation  in  sarcoma. 

The  opportunity  for  metastasis  is  found  in  tumors  whose  cells  are  readily 
transportable  because  of  their  rounded  form  and  loose  connections,  whose 
cells  extend  in  prolonged  extensions  into  the  lymphatic  spaces  of  neighbor- 
ing tissues,  or  occur  in  intimate  relationship  with  the  blood  circulating  in  the 
vessels. 

Secondary  tumors  show  a  peculiar,  more  or  less  regular  tendency  to  develop 
in  certain  organs,  a  tendency  which  may  or  may  not  be  easily  explainable. 
Thus,  in  carcinoma  and  epithelioma  of  the  skin  and  mammary  glands,  as  well 
as  of  the  deep  organs,  such  as  the  stomach,  uterus,  and  other  abdominal  organs, 
the  first  metastases  are  to  the  nearest  lymphatic  nodes.  Thoracic  and  mam- 
mary tumors  next  reach  the  lungs,  abdominal  tumors  the  liver,  through  the 
entrance  of  the  cells  of  the  tumor  into  the  circulating  blood. 

Primary  tumors  of  the  pelvis  ascend  the  retroperitoneal  and  peritoneal 
tissues,  ultimately  reaching  the  liver. 

These  illustrations  are  all  easily  explained  by  a  moment's  reference  to  the 
direction  of  the  lymphatic  and  vascular  streams  into  which  the  cells  enter. 
It  is,  however,  difficult  to  understand  why  melanotic  sarcoma  of  the  eye 
most  frequently  gives  metastases  to  the  liver. 

.    The  only  benign  tumor  with  a  tendency  to  secondary  colonization  in 
remote  parts  of  the  body  is  the  chondroma. 

4.  A  Tendency  to  bring  about  the  Impoverished  Nutrition  known  as  Ca- 
chexia.— Cachexia  is  especially  characteristic  of  carcinoma.  It  is  character- 
ized by  a  marked  secondary  anemia,  wasting,  peculiar  yellowish  color  of  the 
skin,  and  general  vital  depression,  and  may  be  fatal. 

It  is  referred  by  some  to  the  pain  and  anxiety  suffered  by  the  patient, 
though  it  is  difficult  to  explain  how  these  factors  can  occasion  the  anemia, 
atrophy,  and  fatality  characterizing  the  condition.  Others  feel  that  it  must 
depend  upon  some  toxic  metabolic  product  of  the  carcinoma  cells  absorbed 
into  the  system. 

Varieties  of  Neoplasms. — I.  According  to  their  occurrence,  tumors 
are  grouped  as  primary,  secondary  or  metastatic,  and  recurrent. 

K  primary  tumor  is  the  first  occurrence  of  the  tumor.  A  secondary  tumor 
depends  upon  metastatic  distribution  of  existence  of  a  primary  tumor,  and 
is  usually  dependent  upon  the  cells.  A  recurrent  tumor  recurs  at  the 
original  site  when  excised. 

II.   According  to  their  structure,  tumors  are  divided  as  follows  : 

A  histoid  or  histioid  tumor  is  one  which  has  for  its  prototype  a  simple 
tissue  of  the  body,  derived  from  one  blastodermic  layer. 

An  organoid  tumor  imperfectly  resembles  some  organ  of  the  body  and 
contains  derivatives  of  two  blastodermic  layers.  The  structure  of  the  tumor, 
usually  atypical,  repeats  that  of  the  epithelial  glands. 

A  teratoid  tumor  is  one  which  contains  derivatives  of  all  three  blastoder- 
mic layers,  so  arranged  as  to  suggest  an  imperfect  embryo.  The  dermoid 
tumors  {£.  V.)  are  typical  representatives  of  this  class. 
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III.  According  to  their  tendencies,  tumors  are  described  as  benign  and 
malignant. 

A  benign  tumor  is  one  whose  inherent  tendencies  are  harmless  and  whose 
injurious  effects  depend  only  upon  accident. 

A  malignant  tumor  is  one  whose  inherent  tendency  is  to  invade  and  dis- 
organize the  tissue  in  which  it  occurs,  recur  when  excised,  cause  the  metas- 
tatic development  of  secondary  tumors,  and  ultimately  bring  about  cachexia 
and  death. 

Termination  of  Neoplasms. — It  is  said  by  Cornil  and  Ranvier  that 
the  tendency  of  every  tumor  is  to  increase  and  persist.  Few  if  any  tumors 
spontaneously  cease  to  grow  and  disappear.  Cessation  of  growth  may  occur 
after  a  time,  or  the  growth  of  certain  tumors  may  occur  irregularly,  progress- 
ing rapidly  at  one  time,  ceasing  when  the  limit  of  nutrition  is  reached,  then 
beginning  growth  again  at  some  different  point  when  accidental  conditions 
change  the  balance  of  nutrition. 

Slowly  growing  mammary  carcinomata  sometimes  show  fatty  degeneration 
of  the  epithelial  cells  in  the  older  parts,  and  calcification  of  the  stroma,  but 
in  such  tumors  some  healthy  growing  cells  can-usually  be  found  at  the  periph- 
ery. 

A  sudden  reduction  in  the  size  of  a  tumor  usually  depends  upon  absorp- 
tion of  fluid  contained  in  a  cyst  formed  within  it.  The  few  cases  of  which 
it  is  reported  that  small  circumscribed  tumors  of  the  mammary  glands  have 
spontaneously  recovered  may  have  been  errors  of  diagnosis,  no  tumors  being 
present,  but  small  cysts  mistaken  for  them. 

The  tumors  grow  most  rapidly  in  soft  tissues  rich  in  blood  and  lymph 
vessels. 

Neoplasms  may  be  fatal  under  the  following  conditions  : 

1.  When  a  vital  part  is  pressed  upon  by  the  neoplasm  and  its  function 
suspended.  This  is  particularly  true  of  tumors  of  the  meninges  which  press 
upon  the  brain. 

2.  When  vital  channels  of  the  body  are  obstructed.  Tumors  of  the 
abdomen  sometimes  obstruct  the  intestine,  the  ureters,  etc.  Tumors  of  the 
larynx  obstruct  the  glottis  and  prevent  respiration. 

3.  When  ulceration  and  degeneration  of  the  substance  of  the  tumor  cause 
fatal  hemorrhage. 

4.  When  secondary  infection  takes  place  through  an  ulcerated  surface. 

5.  When  the  tumor  withdraws  so  much  blood  into  its  own  substance  as  to 
starve  the  affected  individual. 

6.  When  the  tumor  or  its  metastatic  colonizations  cause  disorganization 
of  vital  organs. 

7.  When  cachexia  becomes  extreme. 

8.  When  invasion  of  the  veins  causes  sudden  death  from  embolism,  as  in 
rare  cases  of  sarcoma. 

Etiology  of  Tumors. — The  exciting  cause  of  tumors  is  unknown. 
Many  different  causes  predispose  to  them. 

1.  Age. — Age  has  a  marked  influence  upon  the  occurrence  of  tumors,  those 
tissues  tending  to  take  on  the  abnormal  development  which  are  most  active 
at  the  time  of  life  at  which  the  tumor  begins  its  growth.  Thus,  the  tumors 
of  youth  nearly  all  grow  from  the  connective  tissues.  Tumors  of  later  life, 
occurring  after  the  activity  of  the  connective  tissues  has  ceased,  are  more 
likely  to  grow  from  the  epithelial  tissues.  It  is  on  this  account  that  the  sur- 
geons are  apt  in  cases  of  doubtful  diagnosis  to  classify  tumors  occurring  before 
the  thirtieth  year  as  sarcoma,  those  after  the  thirtieth  year  as  carcinoma. 

2.  Sex. — The  influence  of  sex  upon  the  occurrence  of  tumors  is  marked, 
women  being  far  more  predisposed  to  them  than  are  men,  chiefly  because 
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they  possess  organs,  such  as  the  mammary  glands  and  uterus,  commonly  the 
seat  of  tumors,  but  whose  homologues  in  men  are  insignificant  in  size  and 
physiologic  importance,  and  are  rarely  diseased. 

3.  Heredity  has  considerable  influence,  certain  families  being  particu- 
larly liable  to  mammary,  uterine,  or  gastric  carcinoma,  from  which  other 
entire  families  are  free.  It  is  only  the  predisposition  that  is  hereditary,  there 
being  no  evidence  that  the  cause  of  the  tumor  passes  from  parent  to  off- 
spring. 

4.  Occupation. — Certain  occupations  and  habits  seem  to  favor  the  occur- 
rence of  tumors ;  thus,  a  form  of  epithelioma  of  the  scrotum  is  frequent 
among  chimney-sweepers  and  paraffin  and  tar  workers. 

5.  Environment. — According  to  the  observations  of  the   English,    the - 
geographic  distribution  of  carcinoma  is  not  uniform,  cases  being  much  more 
numerous  in  certain  localities  than  in  others. 

The  following  theories  as  to  the  exciting  cause  of  tumors  have  been  evolved 
in  the  course  of  time  : 

1.  Tlie  Mectianical  Tlieory  of  Vircliow. — This  theory  accounts  for  tumors 
by  supposing  that  they  result  from  local  irritation.  Many  cases  can  be 
given  to  illustrate  its  probability ;  thus,  epithelioma  of  the  lip  is  more  fre- 
quent in  men  than  in  women  ;  it  chiefly  affects  the  lower  lip,  and  it  is  most 
frequent  in  those  who  smoke  clay  pipes,  thus  appearing  to  depend  upon  the 
irritation  of  the  lower  lip  caused  by  the  pipe. 

Carcinoma  of  the  gall-bladder  and  bile  ducts  is  in  nearly  all  cases  asso- 
ciated with  the  presence  of  gall-stones.  Carcinoma  of  the  stomach  occurs  at 
the  pylorus,  where  more  or  less  friction  is  said  to  be  caused  by  the  passage 
of  the  food.  Carcinoma  of  the  uterus  is  more  frequent  in  women  who  have 
borne  children  than  in  others.  Epithelioma  of  the  cervix  is  more  frequent  in 
married  than  in  single  women. 

In  considering  the  situations  at  which  the  epithelial  tumors  develop,  one 
finds  striking  examples  of  the  fact  that  they  nearly  all  occur  where  some 
particular  irritation  exists. 

What  is  true  of  the  superficial  tumors  is  not,  howevei",  so  evident  of  more 
deeply  seated  tumors,  and  as  other  explanations  can  be  given  to  account 
for  the  occurrence  of  tumors  at  the  points  mentioned,  it  becomes  doubtful 
whether  irritation  is  not  a  rare,  instead  of  a  common,  cause  of  tumor 
formation. 

Keloids,  it  is  true,  occur  in  neglected  and  otherwise  irritated  wounds,  and 
a  form  of  epithelioma  of  the  skin  sometimes  succeeds  lupus. 

Sarcoma  sometimes  develops  subsequently  to  traumatic  injuries,  though 
the  relationship  of  the  injury  to  the  tumor  is  not  clear. 

2.  Tlie  Tlieory  of  Embryonal  "  Rests  "  and  "  Vestiges  "  of  Cohnlieim. — 
This  is  an  endeavor  to  account  for  the  origin  of  tumors  through  the  displace- 
ment of  fragments  of  embryonal  tissue  in  the  differentiating  processes  of 
embryonal  life.  Such  groups  of  cells  or  fragments  of  embryonal  tissue  are 
known  as  "rests."  They  have  never  been  recognized,  so  are  of  hypothetic 
existence,  though  the  occurrence  of  dermoid  cysts  in  the  lines  of  embryonal 
fusion  makes  it  probable  that  they  originate  through  sequestration  of  some 
of  the  superficial  cells.  Cohnheim  believed  that  the  sequestered  cells  can 
remain  latent  for  years,  retaining  the  power  to  multiply  should  appropriate 
conditions  arise.  The  hypernephroma  of  the  kidney,  formed  by  the  inclusion 
of  detached  fragments  of  the  adrenal  body  in  the  substance  of  the  kidney,  is 
an  excellent  example  of  such  a  growth. 

Sutton  speaks  of  "vestiges"  as  the  remnants  of  fetal  organs  which  fail  to 
disappear,  and  in  later  life  may  occasion  the  formation  of  cysts  and  tumors. 
Among  them  may  be  mentioned  the  urachus,  the  thyrolingual  duct,  the  post- 
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anal  gut,  Pfliiger's  tubes,  etc.     Cysts  may  form  from  all  these  by  the  collec- 
tion of  fluid  within  them. 

The  encapsulation  of  benign  tumors,  which  separates  them  from  the  tissue 
in  which  they  grow,  is  in  support  of  Cohnheim's  theory. 

3.  The  Nervous  Theory. — Those  who  hold  to  this  view  of  the  origin  of 
tumors  believe  that  the  source  of  the  trouble  is  to  be  looked  for  in  disturbances 
of  the  trophic  innervation,  and  that  through  local  irregularities  of  nervous 
influence  overgrowth  of  the  tissues  may  take  place.  While  it  is  conceivable 
that  in  some  cases  this  may  explain  the  development  of  a  tumor  mass,  it  is 
inconceivable  that  many  forms  of  neoplasm  can  have  such  an  origin,  as  there 
is  no  known  lesion  of  the  nerves  accompanied  by  proliferations  similar  to 
those  forming  the  tumors. 

4.  The  spermatic  theory  has  been  entirely  abandoned  by  modern  pathol- 
ogists. It  taught  that  the  cells  of  the  body  occasionally  become  stimulated 
to  action  through  the  spermatic  influence  of  other  cells  that  formed  a  sym- 
biosis with  them.    This  theory  is  entirely  antagonistic  to  known  biologic  facts. 

5.  The  Theory  of  Altered  Tissue  Resistance. — This  theory  has  been  ear- 
nestly supported  by  Ribbert,  who  believes  that  carcinoma  develops  not  so 
much  from  proliferative  tendencies  on  the  part  of  the  epithelial  cells  as  from 
lessened  resistance  of  the  subjacent  connective  tissue.  The  theory  has  found 
little  support. 

6.  The  Parasitic  Theory. — Many  claims  have  been  made  for  the  impor- 
tance of  certain  bacteria  supposed  by  their  discoverers  to  be  specific  for  tumor 
formation.  The  first  of  these  were  bacteria,  and  most  important  among 
them  was  a  bacillus  which  Scheuerlen  observed  and  thought  to  be  the  cause 
of  carcinoma,  but  which  afterward  turned  out  to  be  the  "hay  bacillus." 
After  it  had  been  shown  that  the  bacteria  sometimes  found  in  carcinoma 
were  merely  accidentally  present,  attention  was  directed  by  Thoma,  Russell, 
Soudakewitsch,  Sawtchenko,  Padwyssozki,  and  others  to  small  round  bodies 
found  in  the  cells  and  regarded  as  protozoan  parasites.  These  "  parasites  ' '  (?) 
have  been  observed  in  carcinoma,  epithelioma,  sarcoma,  myoma,  lipoma,  and 
other  tumors.  No  two  observers  have,  however,  described  exactly  the  same 
bodies,  and  it  is  very  doubtful  whether  any  of  the  objects  described  are  para- 
sites, or,  if  so,  whether  their  presence  is  other  than  accidental. 

Still  later  Plimmer  revived  interest  in  the  cellular  inclosures  and  regarded 
them  as  blastomycetes.  He  found  them  almost  invariably  in  carcinoma,  and 
was  apparently  successful  in  his  endeavors  to  cultivate  them  and  to  excite 
neoplasm  formation  by  their  inoculation  into  animals.  Still  more  recently 
Gaylord  has  returned  to  the  protozoan  theory,  and  described  small  bodies, 
similar  and  probably  identical  to  those  of  Plimmer,  as  protozoan  parasites. 

One  of  the  great  diflSculties  is  our  inability  to  reproduce  the  disease  in  the 
lower  animals  by  the  transplantation  of  "grafts."  Those  suffering  from 
carcinoma  readily  inoculate  themselves  and  can  readily  be  experimentally 
inoculated,  but  healthy  persons  cannot  be  successfully  inoculated  with  tumor 
tissues  taken  from  others. 

Though  the  parasitic  theory  of  tumors  is  very  attractive,  and  while  many 
of  the  apparent  difficulties  in  the  way  of  its  acceptance  may  ultimately  be 
explained  away  by  the  demonstration  that  the  parasite  is  one  which  lives  but 
part  of  its  existence  in  man  and  another  part  in  some  lower  animal,  its  demon- 
stration at  the  present  time  is  far  from  complete. 

In  truth  we  are  no  nearer  the  correct  solution  of  the  etiology  of  tumors, 
90  far  as  any  accurate  knowledge  of  the  parasites  is  concerned,  than  we  were 
ten  years  ago. 

The  inoculation  of  tumor  tissue  has  succeeded  in  the  hands  of  Hanau 
and  Mayet  and  Loeb,  although  Alibut,  Shattuck,  Ballance,  and  many  others 
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worked  extensively  upon  the  subject  without  result.  Plimmer  produced  con- 
nective-tissue hyperplasias  resembling  tumors  by  the  inoculation  of  pure  cul- 
tures of  a  yeast  (?)  which  he  isolated  from  a  carcinoma  and  supposed  to  be  a 
form  of  the  "  Plimmer  body  "  well  known  in  the  carcinoma  cells.  Gaylord 
claims  similar  results.  None  of  the  growths  was  identical  with  those  from 
which  the  supposed  parasites  were  cultivated. 

Hanau  was  successful  in  transplanting  an  epithelioma  of  the  vulva  of  a 
rat  to  other  rats,  and  Loeb  has  successfully  transplanted  a  cystosarcoma  of  a 
white  rat  from  white  rat  to  white  rat  for  many  generations,  but  with  these 
exceptions  inoculation  experiments,  even  on  a  scale  as  thorough  as  those  of 
Shattuck  and  Ballance,  who  introduced  entire  tumors  into  the  peritoneal 
cavities  of  the  larger  lower  animals,  fail  to  produce  any  neoplasm  formation. 

Classification  of  Tumors. — No  classification  has  yet  been  devised 
that  has  been  sufficiently  satisfactory  to  meet  with  universal  approval.  Two 
bases  of  classification  are  usually  adopted,  the  result  being  either  an  embryo- 
logic  or  a  histologic  classification,  or,  what  is  very  undesirable,  a  combination 
of  both.  The  best  embryologic  classification  is  the  following,  devised  by 
Adami : 

I.    LEPIDOMATA  OR  "RIND"  TUMORS. 

A.     PRIMARY  LEPIDOMATA. 

1.  Epilepidomata. 
Tumors  whose  characteristic  constituents  are  overgrowths  of  tissue  derived  directly  from 
the  epiblastic  lining  membranes,  or  true  epiblast. 

(a)    Typical. — Papilloma  and  epidermal  adenomata  (of  sweat,  salivary,  sebaceous, 

and  mammary  glands,  etc.). 
{b)  Atypical.—  Epithelioma  proper  and  carcinoma  of  glands  of  epiblastic  origin. 

2.  Hypolepidomata. 

(a)    Typical. — -Adenoma  and  papilloma  of  the  digestive  and  respiratory  tracts,  thy- 
roid, pancreas,  liver,  bladder,  etc. 
(^)  Atypical. — Carcinoma  developing  in  the  same  organs  and  regions. 

B.     SECONDARY    LEPIDOMATA. 

3.  IVIESOLEPIDOMATA. 

Tumors  whose  characteristic  constituents  are  cells  derived  in  direct  descent  from  the  per- 
sistent mesotkelium  of  the  embryo. 

(a)   Typical. — Adenoma  of  the  kidney,  testicle,  ovary,  urogenital  ducts ;  adenoma  of 
the  uterus  and  prostate  ;  adenomata  originating  from  the  serous  membranes, 
"  mesothelioma"  of  the  pleurae,  peritoneum,  etc. 
(i)  Atypical. — Cancer  of  the  above-mentioned  organs  ;  squamous  endothelioma,  so_ 
called,  of  serous  surfaces,  epithelioma  of  the  vagina. 

4.  Endothelial    Lepidomata. 
Tumors  originating  from  the  endothelium  of  the  blood  and  lymph  vessels  ;  endothelioma 
and  perithelioma. 

n.    HYLOMATA  OR  "PULP"  TUMORS. 

I.  Epihylomata. 
Tumors  whose  characteristic  constituents  are  overgrowths  of  tissue  derived  from  the  em- 
bryonic pulp  of  epiblastic  origin,  ■' 

(rt)   Typical. — True  neuroma  and  glioma. 
\h)  Atypical. — "  Gliosarcoma." 

■^.  Hypohylomata. 
Tumors  derived  similarly  from  embryonic  pulp  of  hypoblastic  origin. 
(?)  Chordoma. 

3.  Mesohylomata, 
A.  Mesenchymal  Hylomata. — Derived  from  tissues  originating  from  the  persistent  meso- 
blastic  pulp  or  mesenchyme. 

(a)    Typical. — Fibroma,  lipoma,  chondroma,  osteoma,  myxoma,  and  leiomyoma. 
(i5)  Atypical. — Sarcoma  (derived  from  mesenchymatous  tissues)  with  its  various  sub- 
divisions— fibrosarcoma,   spindle-cell   sarcoma,  oat-shape-cell  sarcoma,  chon- 
drosarcoma, osteosarcoma   myxosarcoma,  melanotic  sarcoma,  etc. 

12 
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B.  Mesothelial  Hylomata. — .Tumors  which  are  overgrowths  similarly  of  tissues  derived 
from  embryonic  pulp  of  definitely  mesothelial  origin. 
Rhabdomyoma. 

This  system  is  extremely  convenient,  but  involves  the  use  of  an  entirely 
new  terminology  not  yet  incorporated  in  the  text-books  or  adopted  by 
teachers,  so  that  its  use  at  present  might  serve  to  confuse  rather  than  to 
elucidate  the  subject. 

The  student  can  easily  grasp  the  force  of  a  histologic  classification,  how- 
ever, and  the  following  is  recommended  : 

A.    Histoid  Tumors.    Tumors  of  the  Connective  Tissues. 

I.   Composed  of  unspecialized  tissues. 

{a)  Of  embryonal  type  ....  .    .  Sarcoma. 

Fibroma, 


(3)  Of  adult  type 


Lipoma, 
Myxoma, 
Osteoma, 
Chondroma. 


II.   Composed  of  specialized  tissue \   Qijojna' 

{Angioma, 
Lymphangioma, 
Lymphadenoma. 

B.     Organoid  Tumors.    Tumors  of  the  Epithelial  Tissues. 

I.   Characterized  by  nerve  fibers  and  cells  .  Neuroma. 

II.   Characterized  by  surface  epithelium. 

,   ,   c.  f  Papilloma, 

{a)  Squamous .  .        .  j    Epithelioma. 

(b)  Columnar |   EpUheZma. 

III.   Characterized  by  glandular  cells. 

(a)  Conforming  to  the  normal  type     .        .  .  Adenoma. 

\l>)  Not  conforming  to  the  normal  type  .  .  Carcinoma. 

C.    Teratoid  Tumors. 

,    „  .    c  i-      •■  J      -.1,  V  f  Cholesteatoma, 

I.  Composed  of  connective  tissue  and  epithelium         \   t\  'H 

TUMORS   OF  THE   CONNECTIVE   TISSUES. 

I.  Composed  of  Tissue  of  Embryonal  Type. 
SARCOMA. 

A  sarcoma  is  a  tumor  consisting  essentially  of  cells  similar  to  those  of 
embryonal  connective  tissue.  All  sarcomata  develop  from  mesoblastic  cells. 
A  sarcoma  does  not  consist  of  embryonal  tissue,  for  such  a  tissue  would  ulti- 
mately perfect  its  growth,  which  the  sarcoma  tissue  never  does.  From  its 
beginning  a  certain  type  of  round-  or  spindle-cell  structure  persists,  the  cells 
not  transforming  to  perfectly  developed  tissue. 

The  types  vary  greatly  :  certain  forms  are  made  up  exclusively  of  round 
cells ;  others  of  spindle  cells ;  others  of  spindle  cells  and  fibers.  The 
spindle-cell  sarcoma,  which  represents  the  more  advanced  stage  of  connec- 
tive-tissue development,  does  not,  however,  pass  through  the  round-cell 
stage,  but  is  composed  of  spindle  cells  from  the  very  beginning. 

The  sarcomata  are  composed  essentially  of  cells,  between  which  a  very 
small  amount  of  intercellular  substance,  usually  of  a  fibrillar  form,  is  present. 
As  a  rule,  this  intercellular  tissue  is  comparatively  insignificant,  and  is  seen 
with  difficulty.  In  the  round-cell  sarcoma  it  is  usually  granular  ;  in  the 
spindle-cell  form  reticular. 

Sarcoma  grows  by  infiltration,  so  that  in  addition  to  the  universal  inter- 
stitial expansive  growth  by  multiplication  of  the  cellular  elements,  the  periph- 
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ery  of  the  tumor  is  not  sharply  circumscribed  from  the  surrounding  tissues,  and 
the  growing  ceils  constantly  penetrate  the  contiguous  tissue,  extending  into  the 
spaces  among  its  component  cells,  and  leading  to  its  ultimate  disorganization. 

Sarcomata,  especially  the  spindle-cell  variety,  are  occasionally  encap- 
sulated. They  are  usually  very  poorly  provided  with  blood  vessels,  though 
the  similarity  between  sarcoma  tissue  and  granulation  tissue  would  suggest 
that  the  tumor  should  contain  rich  vascular  plexuses.  The  circulation  of 
the  tumor  is,  therefore,  chiefly  capillary. 

Not  only  are  the  blood  vessels  few,  but  in  many  cases  those  present  are 
also  imperfect  in  structure,  consisting  of  an  endothelial  coat  with  a  few  sup- 
porting connective-tissue  fibers  and  occasional  muscle  cells.  Considerable 
parts  of  the  tumor  may  be  entirely  without  blood  vessels,  but  contain  sinuses 
or  clefts,  through  which  the  blood  circulates  through  the  spongy  tumor  sub- 
stance. In  rare  instances,  and  not  infrequently  in  circumscribed  areas  of 
large  tumors,  the  reverse  condition  may  be  true  and  an  unusual  vascularity 
exist.  Such  tumors  are  described  as  telangiectatic,  cavernous,  or  hemor- 
rhagic, as  the  case  may  be.  The  size  of  the  vessels  may  be  so  great  as  to 
make  the  tumor  pulsate. 

Excessively  vascular  sarcomata  are  known  as  angiosarcomata. 

Sarcomata  are  usually  devoid  of  lymphatic  vessels. 

Seat  of  Occurrence. — The  tumors  originate  from  the  cells  of  the 
connective  tissues,  and  are,  hence,  of  almost  universal  distribution.  Indeed, 
there  is  scarcely  any  tissue  or  organ  of  the  body  in  which  a  sarcoma  may  not 
develop.  Sarcomata  have  been  observed  in  the  skin,  subcutaneous  tissue  and 
fascia,  subserous  connective  tissue,  choroid,  marrow  of  the  bone  and  perios- 
teum, dura  mater,  pia  mater  of  brain  and  cord,  lymph  nodes,  adventitia  of 
blood  vessels,  nerve  sheaths,  submucous  tissue,  ovary,  and  uterus.  Sarcoma  is 
a  somewhat  rare  primary  tumor  of  organs,  though  secondary  sarcomata  in  the 
organs  are  common. 

Etiology. — The  sarcoma  is  a  tumor  of  youth  and  early  adult  life.  It  is 
sometimes  congenital  and  occurs  at  all  ages  from  infancy  to  extreme  old 
age.  Its  cause  is  unknown.  A  few  observers  have  claimed  to  find  in  and 
among  the  cells  of  the  tumor  certain  parasitic  protozoa,  but  nothing  definite 
is  known  of  the  nature  of  these  bodies.  A  few  cases  appear  to  follow  trau- 
matism, but  the  majority  occur  independently  of  any  recognizable  cause. 

Morbid  Anatomy. — Sarcomata  usually  form  rounded,  more  or  less 
lobulated,  and  irregular  tumors,  which  may  form  nodes,  either  imbedded, 
sessile,  pedunculated,  or  pendulous.  They  may  be  encapsulated,  and  are 
nearly  always  rather  well  circumscribed,  though  this  depends  upon  the  form, 
the  infiltrating  round-cell  sarcoma  being  without  sharp  demarcation  from  the 
surrounding  tissue.  Upon  section  the  tumors  are  usually  pinkish  gray  in 
color  and  for  the  most  part  homogeneous,  though  this  will  depend  upon  the 
variety,  as  will  be  shown  below.  The  appearances  are  further  modified  by 
the  presence  of  degeneration,  irregularity  of  vascularization,  and  other  local 
conditions.     The  melanotic  sarcoma  is  easily  recognized  by  its  color. 

Pathologic  Histology. — The  sarcoma  consists  essentially  of  cells, 
varying  in  the  different  forms.  Whether  round,  spindle,  or  irregular  in 
shape,  the  cells  are  characterized  by  the  presence  of  large  rounded  or 
ovoid  vesicular  nuclei,  rich  in  nuclein,  and  by  a  relatively  small  amount  of 
cytoplasm.  Mitotic  figures  are  numerous  and  beautiful  in  rapidly  growing 
tumors,  while  nuclear  abnormalities,  such  as  hyperchromatosis,  karyorrhexis, 
and  karyolysis,  are  frequent.  A  small  amount  of  homogeneous  granular  or 
fibrillar  intercellular  substance  is  always  present,  but  may  occur  in  such  rela- 
tively small  quantity  as  to  be  entirely  overlooked.  The  cells  are  in  intimate 
association  with  the   intercellular  substance,  and  in  penciled  or  brushed 
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specimens  do  not  readily  fall  away,  being  held  by  delicate  protoplasmic  pro- 
longations. 

Retrogressive  Degenerations. — The  irregular  blood  supply  makes 
retrogressive  degenerative  conditions  exceedingly  common.  Only  those 
degenerations  are  observed  which  affect  connective  tissues,  the  most  fre- 
quent being  mucous  or  myxomatous  degeneration.  Some  of  the  tumors  seem 
to  degenerate  almost  as  rapidly  as  they  form ;  others  degenerate  locally 
as  their  nutrition  fails.  To  both  forms  the  term  myxosarcoma  is  applied. 
Tumors  are  frequently /zg'«2if«/ifrf',  either  with  hemosiderin  or  melanin.  The 
hemosiderin  results  from  the  destruction  of  red  blood  corpuscles  after  inter- 
stitial hemorrhage,  to  which  the  imperfect  vessels  of  the  tumor  predispose ; 
melanin,  the  more  common  pigment,  from  metabolic  activities  of  the  cells. 

Disposition.-^The  sarcomata  vary  through  all  degrees  of  malignancy. 
Some  are  certainly  and  rapidly  fatal ;  others  liable  to  recur  after  excision  or 
amputation  ;  others  remain  purely  local  and  disorganize  the  tissue  in  which 
they  grow ;  still  others  are  on  the  border-line  of  benignancy.  Soft,  moist 
tumors  are  more  apt  to  be  malignant  than  firmer  and  more  fibrous  tumors. 
All  tend  to  recur  after  excision,  and  the  majority  to  produce  secondary 
growths  by  metastasis.  Metastasis  is  most  frequent  in  the  melanotic,  round- 
cell,  lymphoid,  and  large  spindle-cell  varieties.  The  small  spindle-cell  and 
giant-cell  sarcomata  recur  locally,  but  are  less  apt  to  be  metastatic.  The 
metastasis  of  sarcoma  takes  place  almost  exclusively  through  the  blood 
channels,  and  is  most  rapid  when  the  blood  circulates  in  indefinite  spaces 
in  the  tumor  and  is  free  to  detach  and  transport  the  cells  to  other  parts  of 
the  body.  Lymphatic  metastasis  is  rare  because  the  tumors  contain  so  few 
lymphatics.  Sarcomata  of  the  skin,  mucous  membranes,  testicles,  tonsils, 
lymph  nodes,  and'fascia  may,  however,  give  metastasis  to  the  Ijnnph  glands. 

Small  round-cell  sarcomata  of  the  femur  and  maxilla  are  usually  fatal  within 
a  year.  Sarcoma  of  the  kidney  rarely  permits  the  patient  to  live  longer  than 
a  year. 

Sarcomata  show  a  remarkable  disposition  to  invade  and  grow  into  the 
veins,  sometimes  forming  masses  several  centimeters  in  length,  growing  in 
the  interior  of  the  larger  veins,  though  still  attached  to  the  parent  tumor  and 
vascularized  from  it.  Such  extensions  sometimes  break  off,  and  if  large,  may 
cause  fatal  embolism. 

Sarcoma  may  become  almost  universal  in  its  metastatic  distribution, 
appearing  as  minute  scattered  foci  over  the  entire  abdominal  viscera,  etc., 
when  it  is  known  as  sarcomatosis. 

The  rapidity  of  growth  in  sarcoma  seems  to  depend  upon  the  character 
of  the  cells  as  well  as  upon  their  nutrition.  The  round-cell  tumors  grow 
most  rapidly,  especially  when  highly  vascular. 

SPECIAL  VARIETIES  OF  SARCOMA. 

Round-cell  Sarcoma. — A  round-cell  sarcoma  is  composed  exclusively 
of  round  cells,  between  which  a  few  fibrils  of  intercellular  substances  are 
present.  The  round-cell  sarcoma  represents  the  earliest  stage  of  embryonal 
connective  tissue.  It  is  one  of  the  common  tumors,  and  according  to  Sutton, 
is  almost  "  ubiquitous  "  among  vertebrate  animals. 

Morbid  Anatomy. — The  tumors  are  usually  of  small  size  and  are  rarely 
encapsulated.  When  a  freshly  cut  surface  is  carefully  examined,  it  is  found 
to  have  a  semi-translucent,  homogeneous  consistency,  resembling  brain  sub- 
stance, and  a  white  or  grayish-pink  color.  The  tissue  is  not  very  firm,  is 
usually  friable,  and  when  scraped  with  a  knife  gives  up  a  creamy  substance 
in  unlimited  quantity.     The  longer  and  harder  one  scrapes,  the  greater  the 
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amount  of  creamy  material  he  can  collect.  In  fact,  by  thus  scraping  with  a 
sharp  instrument  the  cells  of  the  tumor  are  simply  detached  from  one  another, 
and  the  tumor  is.  little  by  little  scraped  away. 

Pathologic  Histology. — The  cells  are  spherical,  each  being  provided  with 
a  deeply  staining  large  vesicular  nucleus,  which  occupies  its  center,  in 
sections  it  is  often  with  difficulty  that  the  student  can  define  the  delicate 
colorless  cytoplasm  surrounding  the  nucleus.  By  actual  measurement  the 
cells  are  found  to  be  a  little  larger  than  lymphocytes.  Between  the  cells 
occasional  fibrilla  can  be  seen,  but  the  tumor  is  composed  so  entirely  of  cells 
that  it  seems  held  together  solely  by  their  cohesion. 

The  tumor  is  most  frequent  in  the  subcutaneous  tissues,  but  may  occur  in 
almost  any  part  of  the  body.  It  is  highly  malignant,  nearly  always  lead- 
ing to  a  fatal  termination,  life  not  being  prolonged  more  than  a  year  or 
two  in  most  cases.  The  secondary  growths  occur  in  the  lungs,  liver, 
spleen,  kidney,  and  other  organs. 

Occasional  small  round-cell 
sarcomata  bear  a  close  resem- 
blance to  the  structure  of  lymph 
nodes — that  is,  between  the  sar- 
coma cells  a  connective-tissue  re- 
ticulum with  branched  and  stel- 
late cells  is  present.  This  form 
is  described  as  lymphosarcoma  or 
lymphadenoid  sarcoma.  Its  ma- 
croscopic appearance  is  identical 
with  that  of  the  small  round-cell 
sarcoma,  but  its  distribution  is 
rather  more  limited.  It  most 
frequently  occurs  in  the  medi- 
astinum, in  the  subpleural  and 
subperitoneal  connective  tissue, 
at  the  base  of  the  tongue,  in  the 
tonsils,  and  in  the  testes. 

In  disposition  the  two  tumors 
are  similar,  both  being  highly 
malignant  and  usually  fatal. 

Large  Round-cell  Sarcoma. — The  cells  of  the  round-cell  sarcoma 
may  be  usually  large,  and  sometimes  unequal  in  size.  Tumors  composed  of 
such  cells  are  called  large  round-cell  sarcomata.  They  occur  in  the  motor 
apparatus,  the  skin,  ovary,  testicle,  and  lymphatic  nodes.  In  general  their 
appearance  is  similar  to  that  of  the  ordinary  form,  but  they  are  less  soft  and 
not  so  much  creamy  material  can  be  scraped  from  them.  In  addition  to  the 
large  size  of  the  cells,  the  microscope  shows  considerably  more  intercellular 
•  substance,  so  that  a  distinct  network  of  fibers  may  intercept  the  cells.  The 
intercellular  substance  itself  not  infrequently  contains  cells  of  the  connective- 
tissue  type,  which  contrast  with  the  large  round  cells  of  the  tumor.  An 
alveolar  arrangement  of  the  cells  is  common.  The  cells  are  not  always 
round,  but  may  be  faceted  or  even  attenuated. 

The  clinical  characteristics  of  the  tumor  in  general  resemble  those  of  the 
small  round-cell  form,  but  it  is  the  less  malignant.  It  is  said  by  Payne  that 
the  secondary  growths  of  spindle-cell  sarcoma  sometimes  assume  this  form. 

Spindle-cell  Sarcoma. — A  spindle-cell  sarcoma  consists  exclusively 
of  spindle  cells.  The  tumor  is  of  frequent  occurrence,  and  Warren  considers 
it  to  be  the  most  common  form  of  sarcoma. 

Morbid  Anatomy .^The  tumors  vary  much  in  size,  some  becoming  no 


Fig.  78.- 


Small  round-cell  sarcoma  of  the  lower 
jaw.    Oc.  3  ;  ob.  D.  D. 
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larger  than  an  egg,  others  much  larger,  in  some  cases  attaining  the  size  of  a 
man's  head,  and  in  rare  cases  still  larger  dimensions. 

They  are  sometimes  circumscribed,  rarely  distinctly  encapsulated,  but 
invade  the  surrounding  tissues  in  all  directions.  On  section  they  appear 
pink  or  grayish  in  color,  slightly  mottled,  and  glistening.  They  are  not 
quite  so  homogeneous  in  appearance  as  the  round-cell  variety,  and  at  times 
it  is  possible  to  make  out  with  the  naked  eye  the  direction  of  the  cellular 
bundles  forming  the  tumor.  When  the  tumor  is  scraped  the  spindle  cells 
detach  less  readily  than  the  round  cells,  and  the  knife  does  not  collect  so 
much  creamy  pulp  as  from  the  round-cell  sarcoma.  This  probably  depends 
upon  the  greater  cohesive  surface  afforded  the  elongate  cells. 

Pathologic  Histology. — The  cells  may  be  oval  or  oat-shaped,  or  may  be 
elongate  like  epithelioid  cells,  or  at  times  extremely  long,  so  as  closely  to 
resemble  the  unstriped  muscle  cells.  As  a  rule,  the  cells  are  arranged  with 
their  long  diameters  parallel.  In  very  soft  tumors,  however,  they  may 
be  irregularly  arranged.      Each  cell  has  an  oval  vesicular  nucleus,  which 

stains  intensely.  The  tumor  is 
made  up  of  bundles  of  cells  ar- 
ranged parallel,  passing  in  and 
out  among  one  another.  The 
result  of  this  arrangement  is 
that  in  all  sections  of  such  tu- 
mors one  is  apt  to  find  cells  cut 
longitudinally,  obliquely,  and 
transversely.  Islets  of  carti- 
lage are  frequent  in  spindle- 
cell  sarcoma,  tumors  contain- 
ing them  being  known  as  chon- 
drifying  sarcomata.  Bony  spic- 
ules also  commonly  occur  in 
parosteal  and  periosteal  sarco- 
mata, which  are  then  known  as 
ossifying  sarcomata. 

These  tumors  represent  a 
later  stage  of  granulation  tissue 
than  those  composed  of  round 
cells. 

When  the  cells  are  closely 
packed  together,  it  may  be  im- 
possible to  make  out  their  individual  limits,  though  the  student  can  usually 
find  detached  cells  at  the  edges  of  the  section  of  tissue.  If  intercellular 
substance  be  present  in  spindle-cell  sarcoma,  it  is  in  very  small  amounts,  and 
is  not  at  all  apparent  when  ordinarily  examined.  Mallory's  method  of  stain-' 
ing  connective-tissue  fibers  defines  a  reticulum,  however,  where  it  cannot 
otherwise  be  seen. 

Sometimes  a  considerable  amount  of  fibroconnective  tissue  can  be  seen 
between  the  cells.  Tumors  with  this  structure  being  dense  and  hard,  are 
properly  termed  fibrosarcoma. 

The  spindle-cell  sarcomata  are  more  likely  to  contain  blood  vessels  than 
the  round-cell  varieties.  The  cells  usually  surround  them  as  a  kind  of  mantle, 
or  the  blood  vessels  pass  between  encircling  bundles  of  cells.  The  cells  of 
some  of  the  tumors  are  uniformly  small,  those  of  other  tumors  uniformly 
larger  and  sometimes  very  much  larger.  This  leads  to  division  of  spindle- 
cell  sarcomata  into  two  classes,  composed  respectively  of  small  and  large 
spindle  cells. 


Fig.    79. — Spindle-cell    sarcoma    of    the    mammary 
gland.     Oc.  3  ;  ob.  9, 
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Among  the  spindle  cells  multinucleated  cells  are  not  infrequently  found, 
and  giant  cells  are  more  common  than  in  any  other  form  of  sarcoma.  Occa- 
sionally stellate  and  irregular  cells  are  observed. 

The  tumors  grow  from  various  connective  tissues,  such  as  fascia,  subcu- 
taneous and  submucous  tissues,  intermuscular  septa,  periosteum,  and  from 
the  fibrpus  tissue  of  glands,  especially  the  mammary  gland.  They  are  firmer 
than  those  of  the  round-cell  variety,  and  may  even  approach  to  iibroma  in 
hardness. 

The  spindle-cell  sarcoma  is  malignant,  its  malignancy  varying  according 
to  the  size  and  looseness  of  the  cells.  Thus,  the  small  spindle-cell  sarcoma  is 
less  malignant  than  the  large  spindle-cell  sarcoma,  and  the  fibrosarcoma  least 
so.  The  circumscribed  and  encapsulated  tumors  are  also  much  less  malig- 
nant than  the  infiltrative  form.  The  malignancy  consists  in  destructive 
infiltration  of  the  tissue  in  which  they  grow,  in  recurrence  after  excision,  and 
in  metastasis. 

Spindle-cell  sarcomata  are  less  prone  to  give  metastasis  than  are  the 
round-cell  sarcomata,  probably  because  the  shape  of  the  component  cells  and 
length  of  attached  surface  between  each  and  its  neighbor  lessen  the  facility 
with  which  they  can  be  torn  loose  and  transported,  and  probably  explains 
why  the  fibrosarcoma,  in  which  the  cells  have  scarcely  any  freedom,  is  the 
least  malignant  form. 

Paget  called  these  tumors  recurrent  fibroids,  and  Lembert  spoke  of  them 
as  fibroplastic  tumors.  In  the  mammary  gland  they  not  infrequently  con- 
tain cysts  which  seem  to  depend  upon  the  presence  of  included  portions  of 
the  glandular  substance  in  the  sarcoma.  These  acini  or  ducts  dilate,  forming 
cysts,  into  which  the  sarcoma  tissue  subsequently  grows,  transforming  them 
into  narrow  spaces,  which  appear  in  sections  like  the  canaliculi  of  the 
gland.  The  tumors  are  seen  only  in  the  mammary  and  other  glands,  and  in 
their  secondary  growths  the  canaliculi  with  their  epithelial  linings  are 
absent. 

Giant-cell  or  Myeloid  Sarcoma. — A  giant-cell  sarcoma  is  one  com- 
posed of  spindle  cells  or  of  round  cells,  but  containing  many  giant  cells. 

Seat  of  Occurrence. — These  tumors  occur  most  frequently  in  connection 
with  the  osseous  system,  where  they  occur  as  central  tumors,  usually  of  the 
long  bones,  especially  the  upper  end  of  the  tibia  and  lower  end  of  the 
radius.  Because  of  their  situation  they  usually  attain  a  large  size  before 
attracting  attention  to  themselves,  and  because  of  their  deep-seated  position 
are  frequently  permitted  to  remain  until  inconvenience  necessitates  opera- 
tion. 

Morbid  Anatomy. — The  tumors  arise  from  the  medulla  of  the  long  bones, 
and  are  frequently  encapsulated  and  distinctly  circumscribed.  They  vary 
from  moderate  softness  to  distinct  firmness  in  consistence,  are  reddish  brown 
or  maroon  in  color  upon  section,  and  have  a  somewhat  fibrous  appearance. 
The  difference  between  spindle-cell  sarcoma  and  giant-cell  sarcoma  cannot 
always  be  made  out  with  the  naked  eye. 

The  origin  of  the  tumor  from  the  marrow  of  the  bone  gives  it  the  name 
myeloid  sarcoma,  by  which  it  is  often  known. 

Pathologic  Histology. — ^The  giant  cells  may  be  few  and  small  or  large 
and  numerous.  They  may  be  present  in  certain  parts  of  the  tumor  only.  It 
is  not  unusual  to  find  them  containing  as  many  as  100  nuclei.  They  are 
circumscribed  in  outline,  and  the  peripheral  portion  of  the  cytoplasm  is 
free  from  nuclei,  which  gather  together  in  a  mass  in  the  more  central  part. 
Inasmuch  as  the  nuclei  of  spindle  cells  are  oval  in  form,  it  is  only  natural 
that  the  nuclei  of  the  giant  cells  of  this  form  of  sarcoma  should  also  be  oval. 
The  nuclei  of  the  giant  cells  usually  have  their  long  diameters  parallel. 
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The  formation  of  the  giant  cells  is  not  clear.  In  the  round-cell  sarcoma 
the  giant  cells  appear  to  be  formed  by  karyokinesis  of  nuclei  without  division 
of  the  cytoplasm.  This  may  also  be  true  in  some  cases  in  which  the  giant 
cells  occur  in  spindle-cell  sarcoma,  but  this  explanation  will  not  suffice  for 
all  cases,  for  if  one  closely  examines  the  spindle  cells  near  the  giant  cells 
of  such  tumors,  it  will  usually  be  found  that  their  cytoplasm  is  in  an  unhealthy 
condition  and  that  there  is  more  or  less  widespread  tendency  to  degeneration, 

which'  can  scarcely  be  cor- 
rectly termed  hyaline,  though 
the  cells  appear  unusually 
transparent  and  become  un- 
usually viscid.  This  viscidity 
seems  to  be  the  key  of  the  sit- 
uation, as  it  permits  conflu- 
ence or  fusion  of  the  cyto- 
plasm of  neighboring  cells, 
with  the  resulting  formation 
of  multinuclear  masses  or  giant 
cells. 

The  giant-cell  sarcoma  is 
the  most  benign  form  of  sar- 
coma. It  disorganizes  the  tis- 
sue in  which  it  grows  and  some- 
times recurs  after  excision,  but 
the  occurrence  of  metastasis  is 
rare. 

The  bones  most  likely  to 
be  affected  are  long  bones,  the 
tumor  usually  developing  from 
the  cancellous  tissue  at  the  ex- 
tremity. The  most  usual  situa- 
tion is  the  lower  end  of  the 
Giant  femur  and  upper  end  of  the 
tibia.  As  the  tumor  grows  the 
bone  is  invaded  and  eroded, 
and  sometimes  made  porous,  so  as  to  be  unusually  liable  to  fracture.  Some- 
times it  grows  from  the  periosteum,  this  being  especially  common  upon  the 
jaw,  where  the  tumor  is  called  an  epulis.  The  external  dimensions  of  the 
tumor  give  no  evidence  of  the  extent  to  which  the  marrow  cavity  and  can- 
cellous structure  of  the  bone  may  be  invaded,  so  that  surgeons  in  operating 
find  it  expedient  to  remove  the  entire  diseased  bone  and  amputate  at  a  joint 
rather  than  to  excise  the  tumor  or  perform  a  partial  amputation. 


Fig.  8o. — Giant-cell  sarcoma  of  the  thigh : 
cells :  b,  spindle  cells. 


MISCELLANEOUS  FORMS  OF  SARCOMA. 

Some  sarcomata  receive  special  names  from  other  characteristics. 

Multiple  Myeloma. — The  multiple  myeloma  is  a  tumor  developing 
from  the  red  bone  marrow,  characterized  by  multiple  primary  occurrence, 
chiefly  upon  the  sternum,  ribs,  vertebra,  and  skull,  and  tending  to  replace- 
ment of  the  bone  by  tumor  tissue.  It  has  been  variously  described  as  angio- 
sarcoma, lymphosarcoma,  lymphadenia  ossium,  and  general  lymphadenoma- 
tosis.  It  was  first  called  multiple  adenoma  by  J.  von  Rustizky.  It  is  a  rare 
tumor,  only  about  20  cases  having  been  recorded.  The  clinical  features 
with  which  it  is  associated  are  peculiar  in  resembling  progressive  pernicious 
anemia.     The  urine  nearly  always  contains  considerable  albumose,  and  some- 
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times  a  small  quantity  of  albumin.  Asthenia  is  usually  marked,  there  is 
considerable  pain,  and  deajth  takes  place  slowly,  sometimes  preceded  by  un- 
consciousness. For  these  reasons  some  pathologists  have  come  to  look  upon 
the  disease  as  related  to  leukemia,  and  have  described  it  as  a  form  of  pseudo- 
leukemia. 

Pathologic  Anatomy. — ^The  tumors  are  multiple.  The  sternum  and  ribs 
are  usually  affected ;  sometimes  the  vertebrae  and  skull.  The  tumors  are  dark 
red  in  color,  like  the  red  bone  marrow,  nodular  in  form,  and  soft  in  consist- 
ence. Large  tumors  of  this  kind  are  occasionally  pulsatile.  The  osseous 
tissue  appears  to  be  absorbed. 

Pathologic  Histology. — The  tumor  is  composed  essentially  of  cells  which 
have  usually  been  described  as  lymphocytes,  but  which  Wright  describes  as 
identical  with  Unna's  plasma  cells,  which  are  normal  components  of  the 
bone  marrow.  According  to  Wright,  the  tumors  do  not  grow  from  the  bone 
marrow  as  a  whole,  but  depend  upon  proliferation  of  the  plasma  cells.     The 


Fig.  81. — Alveolar  small  round-cell  sarcoma.     Zeiss,  Oc.  4 ;  ob.  c. 

tumor  is  made  up  of  dense  aggregations  of  these  cells  with  wide  blood  spaces 
without  definite  walls,  and  an  intercellular  substance  consisting  of  fine  fibers. 
The  old  bone  melts  away  before  the  growing  tumor,  scarcely  any  new  bone 
being  formed,  so  that  the  tumor  soon  reaches  the  periosteum,  which  it  first 
infiltrates,  then  involves  the  contiguous  tissues. 

There  are  no  distinctive  blood  changes  associated  with  the  disease.  In 
Wright's  case  there  were  4,700,000  red  and  5000  white  blood  corpuscles 
and  60  per  cent,  of  hemoglobin. 

Alveolar  Sarcoma. — This  is  a  round-  or  spindle-cell  sarcoma  divided 
into  larger  or  smaller  cell  masses,  separated  from  one  another  by  intermediate 
batids  of  fibrillar  or  cellular  tissue,  forming  a  reticulum.  It  is  the  alveolar 
appearance  which  characterizes  it.  An  alveolar  arrangement  may  be  simu- 
lated in  rapidly  infiltrating  sarcomata,  but  is  then  observed  only  at  the  pe- 
riphery of  the  tumor.     In  the  true  alveolar  sarcoma  the  typical  arrangement 
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extending  throughout  all  parts  of  the  tumor  characterizes  both  primary  and 
secondary  growths.  The  partitions  consist  of  wejl-formed  fibers  of  connec- 
tive tissue.  The  blood  vessels  of  the  tumor  may  be  few  or  many,  well 
developed  or  poorly  developed,  and  are  usually  found  in  the  fibroconnective- 
tissue  bands,  ramifying  throughout  its  structure. 

In  rare  cases  the  partitions  consist  entirely  of  cells  like  those  seen  in 
spindle-cell  sarcoma.  These  cells  may  form  the  reticulum  in  a  round-cell 
sarcoma,  but  one  must  be  careful  in  observing  tumors  of  this  kind  lest  he 
mistake  for  round  cells  the  transverse  sections  of  spindle  cells. 

The  alveolar  sarcoma  is  said  to  be  highly  malignant.  It  is  difficult  to 
explain  why  this  should  be  the  case,  unless  the  alveolar  appearance  simply 
signifies  that  the  tumor  has  a  rapidly  infiltrating  character.     The  tumors  may 


Fig.  82. — Endothelioma  of  the  pleura.  (Zeiss,  Oc.  2;  ob.  c.)  The  Illustration  shows  the 
cellular  growth  in  the  form  of  cylindric  masses  which  fill  crevices  of  the  tissue,  probably 
originally  lymphatic  channels. 


have  frequently  been  confounded  with  carcinoma,  to  which  they  sometimes 
bear  close  resemblance.  Certain  characteristics,  if  well  marked,  will  aid  in  a 
differential  diagnosis  ;  thus,  the  lymphoid  character  of  the  sarcoma  cells,  the 
nature  of  the  tissue  from  which  the  tumor  originates,  the  staining  property 
of  the  nuclei,  etc.,  may  be  positive  aids,  though  in  many  cases  they  fail. 
Especially  is  this  the  case  in  the  form  of  alveolar  sarcoma  known  as  endo- 
thelioma. 

Alveolar  sarcoma  frequently  originates  from  the  skin,  but  may  grow  from 
the  bones,  lymphatic  glands,  and  pia  mater.  In  the  skin  its  development 
usually  takes  place  from  pigmented  moles  and  warts.  It  also  occurs  not  in- 
frequently from  the  serous  membranes,  notably  the  pleura  and  peritoneum, 
in  both  of  which  situations  it  is  called  endothelioma. 

Endothelioma. — The  endothelioma  is  a  tumor  originating  from  endo- 
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thelial  cells.  It  occurs  in  the  membranes  of  the  brain  and  spinal  cord, 
pleura,  peritoneum,  lymphatics,  testicle,  liver,  ovary,  brain,  parotid  gland, 
and  skin. 

Morbid  Anatomy. — Macroscopically,  the  tumors  form  more  or  less  cir- 
cumscribed, flattened,  firm,  grayish-white  growths, with  many  auxiliary  growths 
and  frequent  prolongations  in  the  direction  of  the  lymphatic  current.  Upon 
section  they  present  a  mottled,  granular  appearance  resembling  carcinoma, 
and  depending  upon  alternating  nests  of  cells  and  intermediate  fibrous  bands. 
This  appearance  is  characteristic  of  alveolar  sarcoma  and  not  peculiar  to 
endothelioma  alone. 

Pathologic  Histology. — In  its  early  development  the  tumor  consists  of  a 
fibrous  stroma,  formed,  at  least  in  part,  of  the- tissue  in  which  the  tumor 
grows.  In  the  spaces  in  this  matrix  are  numerous  cell  nests  with  branched 
extensions,  highly  suggestive  of  carcinoma  nests,  but  not  always  clearly 
differentiable  from  the  cells  of  the  surrounding  connective  tissue.  These 
cells  can  be  classified  as  endothelial  cells  only  by  careful  inspection.  Their 
resemblance  to  epithelial  cells  is  sometimes  great,  and  reliance  must  not  be 
placed  upon  the  microscopic  appearance  solely,  but  in  all  cases  attention 
must  be  paid  to  the  origin  of  the  tumor  and  the  tissue  in  which  it  develops. 
The  endothelial  cell  nests  are  apt  to  be  arranged  in  parallel  columns  or  in  a 
plexiform  manner.  The  relation  of  cells  to  connective  tissue  is  very  intimate, 
and  the  tubules  are  apt  to  inclose  some  leukocytes. 

Endothelioma  is  malignant,  though  slowly  metastatic. 

Melanotic  sarcoma,  melanosarcoma,  or  melanoma  is  any  form 
of  sarcoma  whose  cells  are  pigmented  with  melanin.  Any  variety  of  sarcoma 
may  thus  be  pigmented.  The  pigment  (melanin)  is  brown  or  black  in  color, 
and  occurs  in  the  form  of  amorphous  granules,  which  are  partly  within  the 
cells  (chromatophores)  and  partly  between  them.  The  cells  may  be  almost 
entirely  destroyed  by  the  pigmentary  degeneration  and  appear  as  aggrega- 
tions of  granules,  recognizable  as  cells  by  their  shape  only.  Pigmentation 
occurs  in  all  parts  of  the  cell.  Together  with  the  melanin,  hemosiderin  may 
be  found,  and  doubly  pigmented  tumors  of  this  kind  are  not  rare.  The 
melanin  is  usually  contained  within  the  cells ;  the  hemosiderin  both  within 
and  between  them. 

Seat  of  Occurrence.^The  tumors  occur  in  the  skin,  choroid  coat  of  the 
eye,  and  ciliary  body. 

Morbid  Anatomy. — Macroscopically  the  tumor  is  characterized  by  its 
dark  color.  Cut  sections  may  be  yellowish  brown,  brown,  or  black.  The 
pigmentation  may  be  uniform  or  mottled,  or  parts  only  of  the  tumor  may  be 
pigmented. 

Occasionally  the  primary  tumor  is  deeply  pigmented ;  the  metastatic 
tumors  pale.  Sometimes  the  primary  tumor  may  be  quite  pale  and  contain 
very  little  melanin,  though  its  secondary  tumors  may  be  black.  If  many 
deeply  pigmented  tumors  are  present,  the  skin  of  the  patient  may  become 
dark  (melanosis). 

Melanotic  sarcoma  is  highly  malignant,  causes  early  metastasis,  and  is  com- 
monly fatal.  Melanotic  tumors  of  the  eye  have  their  niost  frequent  metastasis 
in  the  liver. 

Myxosarcoma. — All  sarcomata  are  particularly  prone  to  undergo 
mucous  degeneration,  with  the  formation  of  irregular  cavities  filled  with 
mucus.  As  ordinarily  seen,  myxomatous  degeneration  depends  upon  mal- 
nutrition of  the  tissue,  but  occasionally  the  myxomatous  degeneration  cannot 
be  explained,  and  seems  to  occur  simultaneously  with  the  growth  of  the 
tissue  and  to  be  present  everywhere.     Both  of  these  conditions  may  prop- 
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Fig.  83. — Cylindroma  from  membranes  of  the  brain:  a,  Blood  vessels;  *,  hyaline  cylindric 
encasements  of  blood  vessels. 

erly  be  described  as  myxosarcoma.     Occasionally  the  mucous  degeneration, 
causes  a  peculiar  appearance  in  microscopic  sections,  as  in  cylindroma. 


Fig.  S4. — Myxangiosarcoma  tubulare  (perithelioma  (?))  of  the  ovary :  a,  Groups  of  healthy 
cells  surrounding  blood  vessels;  b,  raucous  degeneration  of  matrix  of  tumor. 


Cylindroma  is  characterized  by  a  mucous  or  perhaps  sometimes  hyaline 
degeneration,  occurring  in  the  walls  of  the  blood  vessels  or  in  cells  con- 
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tiguous  to  them.  It  is  seen  only  in  angiosarcoma,  and  is  characterized  by 
the  presence  of  hyaUne  cylinders  about  the  blood  vessels.  Such  tumors  are 
usually  soft  and  white  and  rich  in  cells,  though  when  the  degeneration  is 
marked,  a  few  cells  may  be  present  between  the  hyaline  cylinders. 

Macroscopically  the  tissue  h^  a  peculiar  translucent  quality,  and  a  cloudy 
mucus  can  be  scraped  from  the  cut  surface.  The  tumor  is  also  sometimes 
known  as  plexiform  angiosarcoma  myxomatodes.  It  usually  occurs  in  the 
brain  and  its  membranes,  the  orbit,  the  jaw,  and  the  peritoneum. 

Myxangiosarcoma  Tubulare. — In  other  cases  the  myxomatous  degenera- 
tion affects  all  the  cells  of  the  tumor  except  those  in  close  contact  with 
the  blood  vessels  of  angiosarcoma,  a  condition  exactly  the  opposite  of  that 
seen  in  cylindroma.      The  microscopic  picture  is  strikingly  characteristic, 


Fig.  85. — Perithelioma  of  the  retina:  o,  Blood  vessels  surrounded  by  cells  in  a  good  state 
of  preservation ;  b,  degenerated  portion  of  tumor. 

for  when  the  section  is  examined  with  a  low-power  lens,  scattered  over  the 
field  one  finds  transverse  and  oblique  sections  of  blood  vessels,  surrounded 
by  cells  in  a  condition  of  fair  nutrition,  the  appearance  somewhat  suggesting 
Malpighian  corpuscles  in  the  spleen.  The  remainder  of  the  tumor  consists 
of  cells  whose  outlines  only  can  be  seen,  or  simply  the  remnants  of  a  tissue, 
evidently  at  one  time  largely  composed  of  cells,  but  now  destroyed  by 
mucous  degeneration.  This  form  of  tumor  is  described  as  myxangiosar- 
coma tubulare.  The  tumors  are  very  soft  and  mucus  escapes  from  them 
when  incised;  the  disposition  is  extremely  malignant.  They  are  rather 
common  in  the  eye,  the  ovary,  and  the  peritoneum. 

Perithelioma. — Tumors  with  healthy  cells  about  blood  vessels,  contrasting 
with  destroyed  cells  or  an  acellular  tissue  elsewhere,  have  recently  attracted 
considerable  attention  under  the  name  of  perithelial  sarcoma,  a  name  given 
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because  of  their  supposed  origin  from  the  external  cellular  layer  of  the  adven- 
titia  of  the  vessels,  the  so-called  perithelium,  from  which  they  are  supposed 
to  grow. 

Angiosarcoma. — An  angiosarcoma  is  any  form  of  sarcoma  that  con- 
tains numerous  well-formed  blood  vessels,  about  which  the  cells  are  arranged. 
The  relation  of  the  blood  vessels  to  the  cells  of  the  tissue  may  be  alveolar, 
tubular,  or  plexiform.  In  the  alveolar  form  the  blood  vessels  form  plexuses, 
in  whose  reticulum  the  cells  cluster,  similar  to  the  nests  of  cells  in  alveolar 
sarcoma.  In  the  tubular  form  the  cells  surround  the  blood  vessels,  as  in  the 
myxangiosarcoma  tubular e.  In  the  plexiform  variety  the  tumor  consists  chiefly 
of  blood  vessels  passing  in  every  direction,  separated  from  one  another  by  cells 
having  no  definite  arrangement.  One  of  the  chief  characteristics  of  angio- 
sarcoma is  that  the  blood  vessels  are  better  developed  than  is  usually  the  case 


Fig.  86. — Psammoma.     The  matrix  of  the  tumor  consists  of  a  mucous  degenerated  fibrous 
tissue  in  which  are  numerous  spherical  and  cylindric  mineral  masses.     Oc.  2 ;  ob.  3. 


in  sarcoma,  this  feature  separating  the  true  angiosarcoma  from  forms  which, 
though  rich  in  blood,  are  poor  in  vessels,  and  are  called  telangiectatic  and 
cavernous. 

Seat  of  Occurrence. — Angiosarcoma  occurs  in  the  brain,  kidney,  testicles, 
lymph  glands,  skin,  and  bone. 

Morbid  Anatomy. — The  tumors  are  dark  red  or  are  spotted  with  red,  and 
not  infrequently  contain  softened  areas  of  interstitial  hemorrhage,  and  on 
microscopic  examination  are  more  or  less  pigmented  with  hemosiderin.  The 
cavernous  forms  contain  numerous  dilated  blood  spaces,  distinctly  circum- 
scribed and  lined  with  endothelial  cells. 

Psammoma. — The  psammoma  is  usually  classified  as  a  form  of  sar- 
coma, though  sometimes  fibrous  or  myxomatous  in  character.  It  is  a  tumor 
whose  three  essential  characteristics  are  a  structure  rich  in  spindle  cells  simi- 
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lar  to  those  of  the  embryonal  connective  tissue,  hyaline  degeneration,  and 
petrification. 

Seat  of  Occurrence. — The  tumor  is  not  uncommon  in  the  membranes  of 
the  brain  and  spinal  cord. 

Morbid  Anatomy. — Psammomata  are  usually  small,  circumscribed,  and 
granular  in  appearance.  When  incised,  the  knife  finds  a  gritty  substance  in 
the  tissue.  The  section  is  usually  rather  uniform  in  appearance,  but  this 
will  vary  with  the  amount  of  fibroconnective  tissue  present. 

Pathologic  Histology. — Microscopically  the  tissue  consists  principally  or 
entirely  of  spindle  cells  (psammosarcoma),  or  of  areolar  and,  sometimes, 
mucous  tissue,  or  areolar  tissue  in  a  condition  of  mucous  degeneration,  and 
always  contains  a  larger  or  smaller  number  of  rounded,  concentrically  formed 
mineral  concretions,  which  are  usually  identical  in  appearance  with  the 
granules  of  acervulin  found  in  the  pineal  gland.  The  concentric  mineral 
bodies  are  usually  small  in  size  and  few  in  number,  but  may  be  numerous, 
and  occasionally  spicular  and  cylindric  in  shape,  and  in  rare  cases  branched 
or  stellate.  Their  composition  is  probably  identical  with  acervulin.  The 
tumors  are  benign  and  without  clinical  importance,  except  in  rare  cases,  in 
which  they  have  caused  pressure,  followed  by  palsy. 

By  some  the  psammoma  is  regarded  as  a  form  of  endothelioma,  the  cells, 
apparently  of  spindle  shape,  being  really  large  flat  cells  derived  from  the 
endothelium  of  blood  vessels. 

Osteoid  sarcoma  develops  in  the  bone  marrow  and  periosteum,  and 
is  characterized  by  the  Jbrmation  of  small  masses  of  bone  within  the 
tumor  tissue.  The  osteoid  sarcoma  must  be  differentiated  from  the  petrify- 
ing sarcoma,  in  which,  between  columns  of  cells,  spheres  and  cylinders  of 
lime  salts  are  deposited.  The  differential  feature  is  that  in  the  one  tumor 
the  lime  salts  are  deposited  in  such  a  way  as  histologically  to  resemble  bone, 
while  in  the  other  they  are  simply  mineral  concretions.  The  secondary 
growths  also  contain  osteoid  masses. 

Various  mixed  tumors  in  which  sarcoma  cells  are  associated  with  simple 
connective  tissues  are  worthy  of  brief  mention.  Among  these,  chondrosar- 
coma, which  sometimes  develops  in  the  parotid  glands  and  other  parts  of  the 
body  in  which  cartilage  is  not  a  normal  histologic  element,  deserves  attention. 
Among  the  cells  of  the  tumor  larger  or  smaller  nests  of  cartilage,  usually  of 
the  hyaline  variety,  can  be  found.  Such  tumors  are  equally  prone  to  undergo 
myxomatous  degeneration,  and  may  thus  originate  a  tumor  properly  described 
as  myxochondrosarcoma. 

II.  Composed  of  Tissues  of  Adult  Type. 
nBROMA. 

Fibroma  is  a  tumor  composed  of  fibroconnective  tissue  of  adult  type.  It 
occurs  in  man  and  the  lower  animals,  and  is  a  common  benign  tumor. 

Seat  of  Occurrence. — Fibromata  are  common  in  the  uterus,  but  are 
rarely  free  from  considerable  admixture  of  muscular  tissue  in  that  situation. 
They  less  frequently  occur-  in  the  ovary  and  are  rare  in  other  organs.  The 
most  frequent  seat  of  occurrence  is  the  subcutaneous  areolar  and  intermus- 
cular tissues.  They  arise  from  connective  tissues,  sometimes  from  the  sub- 
cutaneous areolar  tissue,  sometimes  from  fascia,  from  periosteum,  and  bone. 

Morbid  Anatomy. — Ordinarily  they  take  the  form  of  nodes,  which 
may  be  flattened  when  pressed  upon  by  adjacent  organs,  but  may  be  pedun- 
culated and  polypoid  when  projecting  from  the  surface  of  the  skin.  Upon 
mucous  membranes,  such  as  the  pharynx  or  larynx,  they  almost  invariably 
assume  a  polypoid  form,  and  may  be  attached  by  long,  slender  pedicles. 
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The  largest  fibroid  tumors  usually  consist  of  fibrous  and  muscular  tissue, 
as  in  the  myofibroma  and  fibromyoma  so  common  in  the  uterus.  These 
may  attain  the  size  of  a  man's  head.  Of  the  pure  fibromata,  the  largest  per- 
haps grow  from  the  ovary.  In  addition  to  blood  vessels,  the  tumors  are  sup- 
plied with  lymph  vessels  and  spaces,  and  are  sparingly  supplied  with  nerves. 

The  tumors  may  be  small,  sometimes  not  larger  than  a  pin-head,  shot,  or 
pea,  or  may  be  many  pounds  in  weight.  They  are  usually  solid,  but  may 
contain  colliquation  cysts.  They  may  be  single  or  multiple,  and  are  particu- 
larly apt  to  be  multiple  when  occurring  in  the  skin.  Fibroma  molluscum  is 
characterized  by  the  occurrence  of  hundreds  of  scattered  subcutaneous 
nodules.  The  larger  tumors  not  infrequently  seem  to  consist  of  amalga- 
mated smaller  tumors,  appearing  on  section  to  grow  from  several  centers. 
Fibromata  are  perfectly  benign  tumors. 

Fibroid  tumors  of  the  abdomen  may,  however,  attain  so  large  a  size  and 
so  great  a  weight  as  seriously  to  interfere  with  the  functions  of  the  abdominal 
organs,  and  fibroid  tumors  of  the  dura  mater,  by  pressing  upon  the  brain 
substance,  may  be  the  cause  of  palsy  or  even  of  death. 

The  growth  of  fibroid  tumors  is  usually  slow,  depending  upon  the  forma- 
tion and  transformation  of  fibroblasts,  ordinary  fibroplastic  cells,  some  of 
which  are  continually  multiplying^  while  others  are  transfoiming  themselves 
into  fibers.  The  rapidity  of  growth  will  depend  upon  the  nutrition  which 
the  tissue  receives,  so  that  vascular  tumors  in  all  probability  grow  more 
rapidly  than  others.  Clinically  it  is  customary  to  speak  of  fibroid  tumors  as 
hard  or  desmoid,  and  soft.  All  intermediate  forms  occur,  and  the  division  is 
without  significance. 

Pathologic  Histology. — The  structure  of  fibroma  is  extremely  simple. 
It  consists  of  fibers,  cells,  and  elastic  fibrils,  and  differs  in  no  essential  from 
normal  fibroconnective  tissue.  It  usually  resembles  the  areolar  tissue,  but 
may  resemble  the  denser  tissues,  such  as  fasciae  and  intermuscular  septa. 
The  fibers  are  arranged  in  quite  regular  bundles,  which  intertwine  through 
the  tumor  mass  in  every  direction  and  are  apt  to  form  whorls  around  the 
blood  vessels. 

Fibromata  are  always  sharply  circumscribed  and  usually  encapsulated. 
They  may  be  sessile  or  pedunculated.  When  a  cut  surface  is  examined,  they 
are  found  to  be  very  compact  in  structure,  grayish  or  pinkish  in  color,  and 
fibrous  in  appearance,  the  curling  bundles  of  fibers  being  quite  apparent 
on  naked-eye  examination.  In  the  majority  of  cases  they  are  quite  well 
supplied  with  blood  vessels,  and  may  be  telangiectatic  and  pigmented  with 
hemosiderin. 

Retrogressive  Changes. — Degenerations  are  of  very  common  occur- 
rence, myxomatous  or  mucous  being  most  so.  The  change  may  occur 
throughout  the  whole  tumor,  transforming  what  was  originally  a  dense  tis- 
sue into  a  soft,  juicy  one,  and  causing  the  tissue  to  become  elastic  and  even 
fluctuating  in  character ;  or  it  may  be  local,  with  the  formation  of  more  or 
less  circumscribed  cavities  or  cysts  in  the  tumor  (colliquation  cysts). 

Fatty  metamorphosis  very  rarely  occurs  in  fibroma.  Pigmentation  some- 
times results  from  interstitial  hemorrhages ;  these,  however,  are  not  very 
common  in  tdmors  of  adult  connective  tissue  because  of  their  well-developed 
blood  vessels. 

Calcification  is  frequent,  sometimes  occurring  in  the  form  of  diffusely  dis- 
tributed granules  of  lime  salts,  sometimes  in  the  form  of  dense  aggregations 
of  mineral  matter,  which  might  be  correctly  described  as  interstitial  calculi, 
and  sometimes  deposited  in  definite  lamella  identical  with  bone  in  histologic 
structure. 
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Special  Forms  of  Fibroma. — Keloid. — This  is  a  somewhat  rare  and  peculiar  fibroid  tumor 
that  results  from  the  hyperplasia  of  a  cicatrix,  leading  to  the  formation  of  a  mass  more  or  less 
conforming  in  shape  to  the  scar  from  which  it  grows.  Certain  individuals  are  predisposed  to 
growths  of  this  kind,  and  they  are  much  more  common  among  negroes  than  among  whites. 

Keloids  usually  form  projecting  ele- 
vations with  sntooth  surfaces.  They 
have  a  pinkish  color  in  Caucasians, 
though  in  negroes  the  skin  covering 
them  is  pigmented.  Rarely  they  may 
be  irregular,  stellate,  warty,  or  other- 
wise atypical.  Scars  of  all  kinds  may 
be  succeeded  by  keloid  formations, 
though  they  appear  to  be  most  common 
in  scars  following  burns. 

Keloids  are  more  frequent  in  middle 
life  than  in  childhood.  Sutton  states 
that  they  commonly  continue  to  grow 
for  ten,  twenty,  or  even  thirty  years, 
then  slowly  disappear. 

Painful  subcutaneous  tubercle  is  a 
small  fibrous  tumor,  rarely  larger  than  . 
a-  pea,  usually  making  its  appearance 
upon  the  surface  of  the  extremities.  It 
is  firm,  distinctly  circumscribed,  and 
movable  beneath  the  skin,  and  may  be 
so  close  to  the  skin  as  to  form  a  slight 
prominence,  though  usually  it  is  first 
detected  by  palpation.  Upon  pressure 
it  is  extremely  sensitive,  and  the  amount 
of  suffering  it  may  occasion  is  great, 
even  preventing  sleep.  Sutton  found 
the  tumor  more  frequent  in  women  than 
in  men.  It  may  appear  quite  early  in 
life,  and  in  one  case  he  observed  one 
that  remained  unchanged  for  eighteen 
years.  It  consists  of  fibroconnective 
tissue,  in  which  some  claim  to  have 
found  nerve  filaments. 

False  neuroma,  a  fibrous  tumor  occurring  in  the  course  of  nerve  trunks  and  at  the  ends 
of  amputated  nerves  (amputation  neuroma),  will  be  more  fully  considered  under  Neuroma. 

Adenofibroma,  a  mixed  fibrous  and  epithelial  tumor  common  in  the  mammary  gland,  will 
be  described  under  the  tumors  of  that  organ. 

Molluscum  fibrosum,  neuromolluscum  Jtbrosuvi,  fibrocellular  tumor,  dermatolysis,  or  packy- 
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Fig.  88. — Periosteal  sarcoma  or  epulis  (Mears) 


dermatocele  is  a  peculiar  affection  of  the  skin  characterized  either  by  immense  hyperplasia  of 
the  subcutaneous  tissue  with  hypertrophy  of  the  skin  itself,  or  by  the  formation  of  multiple 
subcutaneous  nodes  or  tumors. 

In  cases  of  the  first  variety,  which  involve  the  scalp,  the  trunk,  or  the  limbs,  extensive  areas 
of  the  skin  become  affected  and  hang  in  pendulous  folds.     In  the  other  variety  the  surface  of 

1.3 


194 


PROGHESSIP'E   TISSUE  CHANGES. 


the  entire  body  may  be  covered  with  dozens,  hundreds,  or  even  thousands  of  small  polypoid 
fibrous  growths,  varying  in  size  from  a  pin-head  to  an  egg. 

The  growths  are  for  the  most  part  superficial,  though  they  have  been  seen  in  the  internal 
organs,  and  one  is  reported  to  have  been  attached  to  the  lower  part  of  the  spinal  column,  pre- 
sumably growing  from  the  receptaculum  chyli,  and  numerous  observers  have  found  theni 
growing  in  the  sheaths  of  the  nerves. 

Histologically  the  tumors  appear  to  consist  of  areolar  connective  tissue  in  which  nerve 
fibers  are  present.     Lymphangiectases  may  occur  in  the  small  tumors. 

Fibroma  moUuscum  is  usually  an  acquired  affection,  though  in  a  remarkable  case  reported 
by  Lamprey,  the  patient,  a  native  of  Sierra  Leone,  is  said  to  have  been  born  with  tumors  on 
the  surface  of  the  body. 

Epulis. — This  is  a  fibrous  tumor  arising  from  the  gums  or  from  the  periodontal  mem- 
brane. It  usually  occurs  about  the  roots  of  diseased  teeth,  and  may  attain  the  size  of  a  fist, 
though  it  rarely  becomes  larger  than  a  bean.  It  consists  of  fibrous  tissue  covered  by  the  gin- 
gival membrane.  On  account  of  the  presence  of  the  diseased  teeth,  epuli  frequently  ulcerate. 
They  do  not  recur  after  excision.  By  Sutton  the  term  epulis  is  restricted  to  this  form  of  tumor, 
though  others  apply  it  to  various  tumors  of  the  jaw. 


LIPOMA. 

A  lipoma  is  a  benign  tumor  composed  of  adipose  tissue.  It  is  a  common 
tumor  that  usually  makes  its  appearance  in  early  adult  life  and  subsequently 
persists.     Lipomata  are  benign.     They  do  no  local  damage,  give  no  metas- 
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Fig.  89. — Lipoma.    The  fat  cells  are  polyhedral  in  shape  from  neutral  pressure.     Letts,  Oc. 

4;  ob.  3. 

tasis,  and  do  not  recur  when  excised.  In  rare  cases  lipomata  growing  in 
the  spinal  cord  have  caused  transverse  myelitis  by  pressure  on  the  cord. 
A  predisposition  to  them  seems  to  occur  in  certain  families. 

Lipomata  occur  in  the  lower  animals  as  well  as  in  man,  and  subperitoneal 
lipomata  are  not  uncommon  causes  of  strangulation  in  horses.     The  fats 
contained   in  the  tumor  are  those  normal  to  the  animal — olein  in  horses 
stearin  in  cattle,  palmitin,  stearin,  and  olein  in  man. 

The  tumors  may  attain  an  enormous  size ;  the  largest  known,  of  which 
a  drawing  is  preserved  in  the  Warren  Anatomic  Museum  at  Boston,  is  esti- 
mated to  have  weighed  no  less  than  275  pounds,  and  was  attached  to  a 
patient  who  weighed  a  little  over  100  pounds.  Lipomata  of  from  20  to  50  ■ 
pounds  in  weight  are  common.  They  are  frequently  multiple,  and  Broca 
counted  2080  tumors  in  one  patient. 
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Seat  of  Occurrence. — Sutton  divides  lipomata  into  eight  groups — 
viz.  :  I.  Subcutaneous;  2,  subserous;  3,  subsynovial ;  4,  submucous;  5, 
intermuscular  ;  6,  intramuscular  ;   7,  parosteal ;  and  8,  meningeal. 

1.  Subcutaneous  lipomata  occur  in  the  fatty  tissue  beneath  the  integu- 
ment upon  the  surface  of  the  body.  The  fatty  tissue  of  man  differs  from 
that  of  many  of  the  lower  animals  in  that  it  is  distributed  over  the  surface 
of  the  body  in  an  equal  layer,  a  little  thicker  over  the  trunk  and  proximal 
ends  of  the  limbs.  The  lipomata  occur  as  lobules  of  this  fatty  tissue,  cir- 
cumscribed from  the  rest  by  their  encapsulating  connective  tissue,  so  that 
while  in  the  adipose  tissue  they  are  still  separated  from  it.  Borden  has  sug- 
gested that  the  fat  forming  the  lipomata  is  deposited  in  certain  groups  of 
cells  corresponding  to  those  epiblastic  cells  of  the  frog,  etc.,  which  com- 
prise the  fat  depots.  All  authorities  agree,  however,  in  believing  that  the 
fat  in  man  is  stored  entirely  in  the  mesoblastic  tissues. 

Large  subcutaneous  lipomata  may  weigh  100  pounds  or  more.  They 
usually  arise  from  the  trunk,  shoulders,  hips,  upper  arms,  and  thighs,  but  they 
have  been  observed  upon  the  face,  hands,  genital  organs,  and  feet.  They  are 
sometimes  symmetric,  though  more  frequently  so  in  the  diffuse  than  in  the 
ordinary  forms. 

2.  Subserous  Lipomata. — These  are  very  apt  to  form  about  the  hernial 
openings  and  about  chronically  diseased  portions  of  the  intestine,  such  as 
syphilitic  strictures  of  the  colon,  etc.  They  may  be  small,  though  some 
have  weighed  as  much  as  53  pounds.  Such  large  tumors  usually  spring 
from  the  omentum.  Lipomata  occurring  about  the  hernial  openings  may, 
by  traction  or  pressure,  cause  hernia. 

Loose  fatty  bodies  are  sometimes  found  in  the  abdomen,  and  especially 
in  the  sacs  of  hernia,  consisting  of  detached  epiploic  appendages.  Large 
pedunculated  lipomata  of  the  intestines  of  horses  and  cattle  are  said  by 
Sutton  to  weigh  as  much  as  2  pounds  and  be  an  occasional  cause  of  in- 
vagination. 

3.  Subsynovial  lipomata  arise  from  the  thin  layer  of  fatty  tissue  beneath 
the  synovial  membrane  of  joints.  The  most  frequent  seat  of  occurrence  is 
beside  the  patella.  The  most  typical  form  of  this  growth  is  the  lipoma 
arborescens,  a  villous  or  dendritic  fatty  growth  which  seems  to  be  formed 
by  the  infiltration  of  fat  into  the  synovial  fringes.  It  is  not  infrequently 
associated  with  rheumatoid  arthritis. 

4.  Submucous  Lipomata. — There  is  but  little  fat  beneath  the  mucous 
membranes,  so  that  submucous  lipomata  are  rare.  They  have  been  observed 
projecting  upon  the  inner  wall  of  the  stomach,  near  the  pylorus,  from  the 
inner  wall  of  the  intestine,  from  the  mucous  membrane  of  the  larynx,  and 
beneath  the  conjunctiva.  Growths  of  this  form  are  all  small  in  size.  One 
of  the  common  forms  occurs  at  the  external  corneoscleral  margin,  and  is 
known  as  Pinguecula. 

5.  Intermuscular  Lipomata. — These  are  not  common,  though  they  have 
been  observed  between  the  pectorals,  in  the  tongue,  and  in  the  abdominal 
wall,  where  they  may  be  very  large. 

Sutton  gives  an  interesting  description  of  a  buccal  intermuscular  lipoma 
of  symmetric  occurrence,  which  he  calls  the  ^^  sucking  cushion.'"  It  con- 
sists of  a  curious  ball  of  fat,  situated  between  the  masseter  and  buccinator 
muscles  and  in  close  relation  to  the  buccal  mucous  membrane.  It  is  be- 
lieved to  play  an  important  function  in  sucking,  by  distributing  atmo- 
spheric pressure  and  preventing  the  buccinatons  from  being  forced  between 
the  alveolar  arches  when  a  vacuum  is  created  in  the  mouth,  and  is  relatively 
larger  in  infants  than  in  adults.  In  emaciated  children  the  cushions  rarely 
diminish  much  in  size,  though  there  is  scarcely  any  subcutaneous  fat.    They 
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sometimes  enlarge  in  adults,  especially  in  cases  of  impacted  salivary  calculus 
in  the  duct  of  the  parotid  gland. 

6.  Intramuscular  lipomata,  or  lipomata  occurring  in  the  substance  of 
the  muscle,  are  rare. 

7.  Parosteal  lipomata  arise  from  the  periosteal  membranes.  They  are 
usually  congenital,  and  are  mixed  tumors  in  which  muscular  tissue  is  pres- 
ent.    They  are  very  rare. 

8.  Meningeal  lipomata  occur  both  inside  and  outside  of  the  dura  mater 
of  the  spinal  cord.  They  sometimes  contain  striped  muscular  tissue,  and 
are  not  infrequent  upon  the  sac  of  spina  bifida. 

Morbid  Anatomy. — In  most  cases  a  lipoma  forms  a  rounded,  lobulated, 
encapsulated,  sessile  or  pedunculated,  soft,  elastic,  more  or  less  fluctuating 
tumor.  When  incised,  the  yellowish  color  and  fatty  texture  leave  no  doubt 
as  to  its  nature.  In  nearly  all  cases  the  tumor  is  distinctly  circumscribed  by  a 
surrounding  capsule,  in  which  the  fatty  tissue  seems  to  be  contained  under 
pressure,  as  when  the  tumor  is  incised,  the  cut  surfaces  immediately  become 
convex,  so  that  it  is  impossible  again  to  approximate  them.  The  tumors 
are  very  commonly  lobulated,  and  are  divided  by  bands  of  connective  tissue, 
which  may  be  attached  to  the  integument  and  cause  dimpling  of  the  skin 
when  the  tissue  is  pressed  upon.     Lipomata  are  very  loosely  attached  to  the 

tissue  matrix,   and  in   consequence  are  re- 
I  #1^9^^  moved  by  the  surgeon  with  great  ease. 

w   i^imHL.  -pj^g  clinical  peculiarities  of  these  tumors 

cause  them  to  be  divided  into:  i.  Lipoma 
violle,  a  very  soft  fluctuating  tumor  with  little 
connective  tissue.  2.  Fibrolipoma,  in  which 
there  are  relatively  more  connective  tissue  and 
numerous  fibrous  trabecule.  3.  Diffuse  li- 
poma, a  badly  circumscribed  form,  not  so  dis- 
tinctly encapsulated  as  the  others,  occurring 
usually  about  the  neck,  where  it  often  sug- 
gests a  collar,  and  if  covered  with  hair,  may 
resemble  a  fur  boa.  It  is  sometimes  called 
fatty  neck.  It  also  occurs  in  the  axilla  and 
at  the  groin.  4.  Nevolipoma,  a  very  vascular 
tumor,  usually  of  small  size,  occurring  upon 
the  face  and  subcutaneous  tissue,  and  some- 
times springing  from  the  periosteum. 

Pathologic  Histology. — The  minute 
structure  of  the  lipoma  corresponds  with 
that  of  normal  adipose  tissue,  though  the 
fat  cells  may  be  larger  and  the  fibrous  tra- 
beculae  more  marked.  The  tumors  contain 
very  few  blood  vessels. 

Fatty  tissue  may  occur  in  combination  with 
sarcoma,  myxoma,  fibroma,  and  angioma. 

The  tumor  is  subject  to  few  retrogressive 
changes.     The  exterior  may  become  inflamed 
and  ulcerate,  sometimes  causing  considerable 
difficulty  in  diagnosis,  both  on  macroscopic 
and  on  microscopic  examination,  if  too  much  attention  be  paid  to  the  ulcera- 
tion.    The  septa  of  lipomata  sometimes  calcify,  sometimes  become  myxo- 
matous ;  the  fat  itself  may  undergo  a  change  suggestive  of  saponification. 

Lipomata  seem  to  persist  after  having  once  formed,  and  emaciation  of  the 
patient  has  no  effect  upon  them. 


£.-  ^._ 

Fig.  90, — Diffuse  lipoma  of  the  neck 
and  abdomen  (Warren), 
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MYXOMA. 

The  myxoma  is  a  benign  tumor  composed  of  mucous  tissue.  It  is  a 
rare  tumor,  whose  prototype  in  the  human  body  is  found  in  the  jelly  of 
Wharton  of  the  umbilical  cord.  Myxomata  usually  arise  as  such,  but  may 
result  from  myxomatous  degeneration  of  soft  fibromata.  It  is,  however, 
questionable  whether  it  is  correct  to  speak  of  tumors  of  the  latter  class  as 
myxomata. 

Special  Forms  of  Myxoma. — i.  Nasal  Polypus. — This  is  a  pedunculated  myxoma  which 
grows  from  the  mucous  membrane  covering  the  turbinated  bones,  from  the  frontal  sinuses 
or  from  the  antrum.  It  may  be  single  or  multiple,  and  originates  as  a  sessile  node,  which  soon 
becomes  pedunculated  and  may  later  become  distinctly  lobulated,  so  that  a  group  of  polypi 
may  seem  to  arise  from  a  common  pedicle. 

The  polypi  usually  have  a  smooth  covering  of  mucous  membrane  and  are  yellowish  or 
pinkish  in  color,  soft  in  texture,  and  are  rarely  vascular.  They  sometimes  descend  in  the 
interior  part  of  the  nose,  so  as  to  be  visible  from  the  anterior  nares,  or  they  may  descend  pos- 


FlG.  91. — Myxoma  of  the  omentum,  showing  the  spider  cells  of  the  connective  tissue  and  the 
meshwork  occupied  by  the  mucous  substance. 

teriorly  and  project  through  the  posterior  nares,  and  have  been  known  to  hang  down  as  low 
as  the  aryepiglottic  fold.     They  are  most  common  in  young  adults. 

2.  Aural  folyfi  have  their  origin  in  vestiges  of  a  delicate  connective  tissue  that  at  the  time 
of  birth  fills  the  tympanic  cavity,  but  which,  as  respiration  is  established,  slowly  disappears  as 
air  from  the  pharynx  works  its  way  up  the  Eustachian  tubes. 

Aural  polypi  usually  project  externally,  blocking  up  the  external  auditory  meatus  and 
causing  deafness  by  obstruction. 

3.  Hydaiidiform  Mole.— This  peculiar  pathologic  development  is  not  a  tumor,  and  hence 
not  a  form  of  myxoma.     It  is  the  result  of  a  mucous  degeneration  of  the  villi  of  the  chorion. 

Morbid  Anatomy. — Myxomata  form  more  or  less  rounded,  lobulated, 
circumscribed,  and  encapsulated  soft  nodes,  which  fluctuate,  and  when  incised 
permit  a  slimy,  mucilaginous  or  gelatinous  material  to  exude.  They  may  be 
central,  embedded,  sessile,  or  pedunculated.  They  are  benign  in  nature,  but 
not  infrequently  recur  when  removed.  Sutton  thinks  this  return  is  evidence 
that  the  tumors  in  which  they  occur  are  sarcomata  that  have  undergone 
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myxomatous  degeneration.  They  do  not  give  metastasis,  and  generally 
cause  no  inconvenience. 

Pathologic  Histology. — The  tissue  consists  largely  of  small  cells, 
among  which  spindle  and  stellate  forms  with  long  anastomosing  processes  are 
common.  There  are  also  numerous  loose  fibers,  some  of  which  are  fine, 
others  coarse  and  gelatinous.  Between  the  cells  and  fibers  the  mucous  sub- 
stance occurs  in  the  form  of  slime  or  jelly,  and  appears  in  microscopic  sec- 
tions of  hardened  tissue  as  a  partly  granular  and  partly  homogeneous  ground 
substance. 

The  tumor  arises  from  connective  tissue,  and  most  frequently  occurs  in  the 
subcutaneous,  submucous,  and  subserous  tissues,  in  the  fascia,  the  intermuscu- 
lar septa,  and  the  periostea.  It  may  also  occur  in  the  brain  and  peripheral 
nerves  and  in  the  interstitial  tissue  of  glands.  It  is  more  common  in  infancy 
or  in  early  adult  life  than  in  the  intermediate  period  or  old  age. 

Myxomata  are  subject  to  secondary  degenerations,  which  affect  their  cells 
and  fibrous  trabeculse.  Of  these  fatty  and  mucous  degenerations  are  most 
common. 

Hemorrhage,  necrosis,  and  ulceration  may  occur  in  myxomata,  and  some- 
times they  may  become  infected  and  suppurate.  Such  changes  are  most  fre- 
quently observed  in  tumors  predisposed  to  traumatic  injuries,  because  of 
their  superficial  or  exposed  position,  as  in  nasal  polypi. 

The  softer  form  of  myxoma  is  sometimes  called  myxoma  gelatinosum; 
the  firmer  form,  myxoma  medullar e. 

OSTEOMA. 

An  osteoma  is  a  tumor  composed  of  osseous  tissue.  Such  tumors  usually 
occur  in  connection  with  some  part  of  the  skeleton,  but  are  occasionally 
found  in  the  pia  mater,  the  brain,  and  the  lung.  In  structure  they  may 
resemble  the  spongy  tissue  of  the  epiphyses  of  the  bones,  or  the  dense, 
ivory-like  structure  of  the  petrous  portion  of  the  temporal  bone,  or  any  in- 
termediate density.  They  occur  in  man  and  the  lower  animals,  and  may  be 
solitary  or  multiple. 

Seat  of  Occurrence. — The  most  frequent  seat  of  occurrence  is  the 
epiphyseal  junction  of  the  long  bones. 

Homologous  osteomata — i.  <?.,  those  resembling  the  tissue  from  which 
they  grow — develop  upon  the  inner  or  outer  tables  of  the  skull,  the  jaws, 
scapulae,  pelvis,  epiphyseal  junctions  of  long  bones,  and  tendinous  insertions. 

Heterologous  osteomata,  unlike  the  tissues  from  which  they  grow,  de- 
velop in  the  meninges,  lungs,  diaphragm,  parotid  gland,  and  skin. 

The  bone  is  formed  by  metaplasia  of  newly  formed  tissue.  Cartilage  is 
first  formed,  then  gradually  transformed  into  the  bone.  Because  of  this 
origin,  Sutton  speaks  of  them  as  ossifying  chondromata.  At  times  the  devel- 
opment of  the  bony  tumor  takes  place  directly  from  the  periosteum,  without 
any  intermediate  cartilaginous  stage.  This  is  described  by  the  Germans  as 
a  connective-tissue  exostosis.  A  large  number  of  so-called  osteomata  are  not 
real  tumors,  but  are  the  result  of  excessive  growth  resulting  from  inflamma- 
tory processes.  Among  these  pseudo-osteomata  one  might  mention  the  bony 
formations  that  occur  in  the  muscles  of  cavalrymen,  and  depend  upon  the 
pressure  of  the  leg  against  the  saddle ;  or  those  occurring  in  the  muscles  of 
the  arms  of  soldiers  from  contact  with  the  musket.  Such  bony  growths  are 
best  described  by  the  name  myositis  ossificans  {q.  v.).  Also  may  be  men- 
tioned the  "spavin"  of  horses,  which  is  a  bony  growth  resulting  from  in- 
flammation. 

Varieties. — Various  forms  of  osteoma  are  described.  If  a  new  bony  growth  occurs  upon 
a  circumscribed  area  upon  pre-existing  bony  tissue,  it  is  called  an  osteophyte  ;  if  it  becomes  a 
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distinct,  tumor-like,  projecting  mass,  it  is  spoken  of  as  an  exostosis.    Any  irregular  bony- 
outgrowth  is,  however,  correctly  called  an  exostosis. 

Sutton  describes  the  following  forms  of  exostoses  : 

1.  Ossification  of  tendons  at  their  attachments — resulting  from  traction,  and  of  which  the 
best  examples  are  the  exostoses  at  the  adductor  tubercle  of  the  femur  and  the  tubercle  of  the 
first  rib  at  the  insertion  of  the  scalenus  amicus  muscle,  though  the  most  frequent  is  that  which 
occurs  at  the  insertion  of  the  tendon  of  the  adductor  magnus. 

2.  .yaiKM^a/ff.roj^ojw^nflammatory  formations  of  cancellous  bony  tissue  growing  from 
the  terminal  phalanges  and  elevating  the  nail,  beneath  which  they  appear  like  a  projecting  red 
cherry,  the  covering  integument  usually  being  ulcerated. 

3.  Exostoses  due  to  the  calcification  of  inflammatory  exudations — best  illustrated  by  the 
peculiar  affection  known  as  myositis  ossificans  (q.  k.). 

The  greater  number  of  osseous  tumors  grow  directly  from  the  bones,  but  others  are  sepa- 
rated from  them  by  periosteum  or  other  intervening  tissue,  as  in  the  case  of  movable  periosteal 
osteoma  and  parosteal  osteoma,  which  are  simply  near  the  bones,  and  disconnected  osteomata, 
which  are  in  the  tendons  and  muscles,  etc. 

Should  such  a  circumscribed  bony  formation  occur  within  a  bone — that  is,  within  the  mar- 
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row  cavity — it  is  spoken  of  as  an  endostosis.  A  bony  tumor  that  develops  from  the  dentin  01 
the  tooth  is  called  a  dental  osteoma  {q.  v.) ;  but  tumors  having  a  structure  similar  to  the  teeth, 
with  dentin,  enamel,  etc.,  are  spoken  of  as  odontomata  {q.  v,).  The  term  odontoma  is  also 
employed  "by  many  to  describe  tumors  developing  from  the  dental  pulp,  as  well  as  from  the 
dentin  and  enamel. 

Compact  osteoma,  osteoma  durum,  or  osteoma  eburneum  is  a  rare  tumor  of  compact  osseous 
tissue,  sometimes  of  ivory-like  hardness,  which  usually  grows  upon  the  surface  of  the  skull  and 
forms  projecting  rounded  masses.  It  is  most  frequent  in  the  frontal  sinuses,  external  auditory 
meatus,  and  mastoid  processes.  Osteomata  sometimes  grow  large  in  the  frontal  region  and 
extend  into  the  orbit.     Sutton  speaks  of  such  tumors  attaining  a  weight  of  16  pounds  in  oxen. 

Cancellous  osteoma,  or  osteoma  spongiosum  or  medullare,  resembles  cancellous  osseous  tissue 
with  wide  marrow  cavities.  It  is  usually  surrounded  by  a  thick  covering  of  hyaline  cartilage. 
It  is  common  at  the  epiphyses  of  the  long  bones.  A  diffuse,  widespread  hypertrophy  of  bone, 
by  which  an  individual  bone  becomes  markedly  increased  in  size,  is  described  as  a  hyperostosis. 

Bony  tumors  are  benign  and  do  not  recur  after  excision  or  give  metastasis ;  they  grow 
very  slowly.  They  may  be  single  or  multiple  in  occurrence,  and  different  forms  may  occur 
upon  the  same  individual  at  the  same  time.  They  may  cause  considerable  pain  when  pressing 
upon  the  branches  of  the  cranial  nerves,  and  may  cause  deafness  by  obstructing  the  auditory 
canal.     Growth  into  the  skull  may  also  compress  the  brain. 
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Morbid  Anatomy. — Osteomata  vary  greatly  in  appearance  according 
to  variety,  position,  etc.  For  the  most  part  they  form  smooth,  rounded, 
more  or  less  lobulated,  sessile,  hard,  bony  masses.  Sometimes  they  are 
irregular  and  may  be  pedunculated.  They  are  usually  well  encapsulated 
and  covered  by  a  thin  layer  of  cartilage. 

Osteophytes,  such  as  develop  in  the  membranes  of  the  brain,  are  thin, 
translucent  plates,  conforming  to  the  falx  cerebri  or  other  portion  of  the 
membrane  in  which  they  develop. 

The  disconnected  osteomata  of  the  organs,  such  as  occur  in  the  lungs,  ap- 
pear as  branched  cylindric  formations  in  the  fibroconnective-tissue  trabeculae. 

Pathologic  Histology. — The  structure  of  the  osteoma  is  typical  of 
bone,  though  its  regularity  is  less  than  that  of  normal  bone.  Haversian 
systems  can  be  made  out  in  all,  though  in  the  osteoma  eburneum  they  may 
be  few. 

Osseous  tissue  may  occur  in  association  with  other  connective  tissues  in 
certain  tumors,  especially  with  cartilage,  fibroconnective  tissue,  fatty  tissue, 
and  embryonal  connective  tissue  (osteosarcoma). 

The  most  common  retrogressive  degeneration  is  mucous  metamorphosis, 
caries  and  necrosis  also  occurring.  At  times  the  development  of  a  bony 
tumor  is  accompanied  by  a  cellular  multiplication  in  the  connective  tissue, 
which  leads  to  the  formation  of  an  osteosarcoma,  or  a  combination  of  sar- 
coma and  bony  tumor.  These  are  more  properly  considered  as  sarcomata 
than  as  osteomata,  and  are  malignant  in  disposition. 

CHONDROMA. 

The  chondroma  is  a  tumor  composed  of  cartilaginous  tissue,  either  hya- 
line or  fibrous. 

Seat  of  Occurrence. — The  tumors  usually  grow  from  the  periosteum 
and  medullary  substance  of  the  long  bones,  especially  the  phalanges  of  the 
hands  and  feet,  lower  end  of  the  femur,  upper  end  of  the  humerus  and  tibia, 
and  more  rarely  the  ribs,  pelvis,  intermuscular  septa,  and  subcutaneous 
tissue.  Mixed  tumors  containing  cartilage  occur  in  the  parotid,  submaxil- 
lary and  lacrimal  glands,  testicle,  and  ovary.  True  chondromata  rarely 
grow  from  cartilage. 

The  order  of  frequency  of  the  tumors  that  grow  from  bone  is,  first,  the 
hands  and  feet,  next,  the  long  bones  of  the  limbs,  and  lastly,  the  central 
portions  of  the  skeleton.  Occasionally  the  cartilaginous  tumor  commences 
to  grow  in  the  marrow  cavity  of  the  bone  {enchondromd),  and  distends  the 
shaft  of  the  bone  to  a  barrel  shape  or  spherical  form. 

The  chondroma  of  the  testicle  is  rarely  a  pure  tumor,  but  is  usually  one 
in  which  sarcoma  and  chondroma  occur  simultaneously — chondrosarcoma — 
or  is  a  teratoid  tumor.  Such  tumors  occasionally  take  the  form  of  a  branched 
cartilaginous  mass,  sections  of  which  appear  as  small  nodes  and  cylinders 
of  cartilage.  Occasionally  distinct  larger  nodes  are  found  ;  the  organ  is 
considerably  disturbed  by  the  presence  of  the  masses  and  by  the  formation 
of  cysts.  The  spermatic  tubules  are  not  infrequently  obstructed  and  atro- 
phic, and  at  times  contain  concentric  colloid  masses. 

Chondromata  have  also  been  observed  in  the  ovary  and  kidney.  The 
chondroma  of  the  lung  is  usually  of  metastatic  origin,  although  in  rare  cases 
primary  tumors  of  this  organ  have  been  found.  Chondromata  are  usually 
situated  at  the  root  of  the  organ,  and  probably  grow  from  the  cartilages  of 
the  bronchi. 

Varieties.— The  tumors  are  divided  according  to  the  manner  of  occur- 
rence into  the  true  chondroma,  ecchondro7na,  and  the  enchondroma. 
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The  true  chondroma  most  frequently  grows  in  the  long  bones,  and  is  most  common  at  the 
epiphyseal  unions,  where  it  seems  to  develop  from  unossified  remnants  of  the  primitive  carti- 
lage. Cartilaginous  tumors  grow  by  the  vitality  of  their  own  cells,  which  increase  in  number 
and  produce  the  intercellular  chondrous  substance  exactly  as  in  the  growth  of  normal  carti- 
lages. The  tumors  are  benign  in  disposition  and  do  not  recur  when  excised,  though  it  is  said 
that  they  occasionally  give  metastasis.  This  is  accomplished  by  the  accidental  entrance  of 
small  masses  of  the  cartilaginous  tissue  into  the  veins,  this  entrance  being  probably  effected  by 
the  mechanical  erosion  of  the  tissue  of  the  wall  of  the  vein.  The  cartilaginous  embolus  which 
separates  is  carried  to  the  lungs,  in  which  the  secondary  tumors  occur. 

Chondromata  are  encapsulated  tumors,  and  most  common  in  young  persons.  They  may 
be  multiple  and  are  occasionally  very  numerous,  and  cause  deep  excavations  in  the  bones 
from  which  they  grow.  A  few  remarkable  cases  of  multiple  chondromata  of  the  long  bones 
of  the  limbs,  hands,  and  feet  are  on  record.     They  are  not  infrequent  in  rickets. 

The  ecchondroma  is  defined  by  Sutton  as  a  small  overgrowth  of  cartilage.  Ecchondromat^ 
are  most  common  along  the  edges  of  articular  cartilages  and  in  connection  with  the  laryngeal 


Fig.  93.- 


-Chondroma  of  the  submaxillary  gland,  which  had  been  slowly  growing  for  forty- 
four  years  (Sutton). 


and  nasal  cartilages.  Those  of  the  articular  cartilages,  especially  of  the  knee-joint,  occur  in 
rheumatoid  arthritis,  while  those  of  the  larynx  usually  spring  from  the  posterior  plate  of  the 
cricoid  cartilage.  Ecchondromata  of  the  nasal  cartilages  are"  usually  small  and  sessile.  The 
ecchondromata  seldom  attain  large  size,  usually  not  being  larger  than  a  pea  or  walnut,  and 
rarely  form  distinct  tumors,  but  rather  simple  enlargements  or  projections  from  pre-existing 
cartilage.     They  are  usually  of  little  importance.     . 

An  enchondroma  is  a  cartilaginous  growth  which  takes  place  within  an  organ  or  tissue ;  such 
a  growth  may  appear  to  be  independent  of  pre-existing  cartilage,  as,  for  example,  when  a 
tumor  occurs  within  the  testicle.  Enchondromata  are  often  said  to  have  their  origin  in  injuries 
to  the  parts  affected.  Some  of  the  chondromata  probably  originate  from  small  masses  of 
primitive  cartilage  which  remain  unossified  during  the  development  of  the  bones.  Virchow 
first  called  attention  to  this,  and  demonstrated  the  existence  of  such  isolated  masses  of  cartilage 
in  the  mature  bone.  It  is  not  difficult  to  understand  that  should  such  a  nest  of  cartilage  be 
excited  to  growth  by  traumatic  hyperemia,  chondroma  or  ecchondroma  might  result. 

Morbid  Anatomy. — The  tumors  occur  as  rounded,  nodular  masses  of 
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variable  size,  which  at  times  become  very  large,  especially  when  superficial. 
They  are  invariably  encapsulated  by  connective  tissue  (perichondrium),  and 
are  divided  by  intermediate  bands  of  areolar  and  fibrous  tissue,  which  sup- 
port the  nutrient  blood  vessels.  They  are  readily  recognized  by  their  dense, 
somewhat  elastic  structure.  Histologically  they  may  consist  either  of  hyalin- 
or  fibrocartilage. 

Chondromata  are  benign  in  nature,  but  are  sometimes  destructive  by 
their  size  and  position,  not  only  interfering  with  the  movements  of  joints, 
but  causing  serious  deformity  of  the  members.  Thus,  small  cartilaginous 
tumors  affecting  the  phalanges  may  entirely  interfere  with  the  movements 
of  the  hand. 

The  chondrosarcoma  is  different,  sometimes  being  destructive,  sometimes 
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Fig.  94. — Hyaline  chondroma.     Oc.  2 ;  ob.  3. 

showing  a  disposition  to  recur  after  excision,  and  sometimes  causing  metas- 
tatic distribution.  The  enchondroma  of  the  parotid  gland  is  said  by  Vir- 
chow  to  have  its  origin  in  remnants  of  fetal  cartilage  in  the  neighborhood 
of  the  external  ear. 

Free  Cartilages  {Meckel's  Cartilages). — An  unusual  form  of  ecchondroma  is  probably 
responsible  for  the  occurrence  of  the  free  cartilages  sometimes  observed  in  the  joints,  an  ordi- 
nary ecchondroma,  from  pressure  or  other  cause,  becoming  pedunculated,  and  the  peduncle  sub- 
sequently being  compressed  between  the  articular  surfaces  and  becoming  more  and  more 
atrophic  until  the  little  mass  becomes  free.  Such  free  cartilages  interfere  with  the  movements 
of  the  joints  by  occasionally  and  unexpectedly  changing  their  position',  so  as  to  lock  the  joints. 
When  observed,  they  may  be  free  or  may  still  be  attached  by  long,  delicate  pedicles.  They 
may  be  smooth  or  worm-eaten  in  superficial  appearance,  and  are  at  times  calcareous.  Some- 
times they  are  symmetric.     They  are  frequent  in  rheumatoid  arthritis. 

The  tissue  of  the  chondroma  frequently  undergoes  metamorphosis ;  sometimes  the  cells 
contain  fat  droplets,  and  the  interstitial  Substance,  especially  in  such  tumors  as  attain  to  a  large 
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size,  is  apt  to  undergo  mucous  degeneration,  which  may  be  so  complete  in  its  destruction  as 
to  cause  the  formation  in  the  tumors  of  cysts  filled  with  mucus.  Quite  frequently  calcifica^ 
tion  of  the  cartilage  occurs,  larger  or  smaller  deposits  of  granules  or  calcareous  masses  dis- 
tributed throughout  its  substance  resembling  the  centers  of  ossification  in  forming  bone.  True 
bone  is  sometimes  found,  under  which  circumstance  it  becomes  proper  to  speak  of  the  tumor 
as  an  osteochondroma. 


MYOMA. 

The  myoma  is  a  tumor  composed  of  newly  formed  muscle  cells.  The. 
muscle  cells  are  usually  of  the  involuntary  or  unstriped  variety,  and  a  tumor 
so  formed  is  known  as  a  leiomyoma  or  myoma  IcBvicellulare.  More  rarely 
voluntary  or  striped  muscular  tissue  occurs  in  the  tumors,  which  are  then 
known  as  rhabdomyoma  or  myoma  striocellulare. 

I.  Leiomyoma. — The  leiomyoma  is  usually  composed  both  of  muscular 
and  fibrous  tissues. 

Seat  of  Occurrence. — Leiomyomata  occur  in  the  uterus,  broad  ligament, 


Fig.  95. — Leiomyoma  of  the  uterus  (uterine  fibroid).     Oc.  4 ;  ob.  3. 

ovary,  ovarian  ligament,  round  ligament,  and  vagina.  They  also  occur  in 
the  muscular  wall  of  the  intestines,  stomach,  esophagus,  prostate,  testicle, 
and  subcutaneous  tissue.  They  usually  develop  from  the  unstriped  mus- 
cular tissue  of  organs,  but  in  the  absence  of  this  they  may  develop  from 
the  muscular  tissue  of  the  vascular  walls.  They  occur  in  man  and  in  the 
lower  animals. 

Morbid  Anatomy. — Leiomyomata  occur  in  the  form  of  firm,  rounded,  nod- 
ular, encapsulated  masses,  which  in  general  closely  resemble  fibromata,  but  are 
usually  darker  and  reddish  or  gray  red  in  oolor.      The  growth  is  slow,  a 


204 


PROGRESSIVE   TISSUE   CHANGES. 


tumor  the  size  of  a  child's  head  probably  representing  a  year's  growth.  In 
many  cases  they  seem  to  attain  considerable  size,  then  grow  no  larger,  though 
persisting  for  years. 

The  cut  surface  of  the  tumor  is  almost  identical  in  appearance  with  that 
of  the  fibroma,  presenting  the  same  curling,  interwoven  bundles  of  fibers. 
The  cut  surface  is  convex. 

Pathologic  Histology. — Upon  microscopic  examination  the  tissue  is  seen 
to  consist  chiefly  of  elongate  spindle  cells  with  rod-shaped  nuclei — the 
familiar  unstriped  muscle  cells. 

The  spindle  cells  of  myoma  are  regularly  arranged  in  bundles,  their  long 
diameters  parallel.  The  bundles  twist,  curl,  and  interlace  in  all  directions, 
so  that  in  every  section  of  the  tumor  cells  in  transverse,  oblique,  and  longi- 
tudinal section  will  be  found.      The  cells  can  be  teased  out  of  the  fresh 
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Fig.  96. — Rhabdomyoma.     The  section  shows  the  tumor  to  consist  chiefly  of  a  fibro-con- 
nective  tissue  rich  in  cells,  with  numerous  muscular  fibers.     Oc.  3  ;  ob.  D.  D. 

tissue,  especially  if  it  be  macerated  for  twenty-four  hours  in  a  20  per  cent, 
solution  of  nitric  acid,  or  after  twenty  to  thirty  minutes'  immersion  in  30  per 
cent,  solution  of  potassium  hydrate.  The  longitudinal  sections  of  the  cells 
are  best  recognized  by  their  rod-shaped  nuclei ;  transverse  sections  by  their 
polygonal  shape.  In  some  cases  the  spindle  cells  of  sarcoma  bear  so  close  a 
resemblance  to  the  cells  of  the  muscular  tissue  that  it  is  difficult  to  difFeren- 
tiate  them,  but  the  greater  length  of  the  muscle  cells,  their  rod-shaped 
nuclei,  and  the  polygonal  shape  of  their  transverse  sections  usually  serve  to 
differentiate  them  from  the  shorter  cells  of  sarcoma,  with  their  vesicular 
nuclei  and  more  rounded  form  in  transverse  section.  In  most  myomata 
there  is  a  generous  admixture  of  fibroconnective  tissue. 

The  tumors  are  perfectly  benign,  always  being  encapsulated  and  often 
pedunculated,  especially  the  subperitoneal  fibroids  of  the  uterus.  They  not 
infrequently  cause  death  from  hemorrhage,  mechanical  pressure  upon  the 
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bowels,  complicating  pregnancy  or  inducing  peritonitis  by  septic  necrosis 
and  gangrene.  They  are  subject  to  degenerative  changes,  the  mucous  and 
calcareous  degenerations  being  common.  Sometimes  fatty  degeneration 
takes  place ;  necrosis  is  common  ;  gangrene  has  been  observed.  The  vessels 
may  become  telangiectatic.  Hemorrhagic  extravasation  and  the  formation 
of  hematomata  and  colliquation  cysts  are  not  infrequent.  Ossification  some- 
times takes  place  in  uterine  fibroids. 

In  some  cases  the  retrogressive  degeneration  is  slow  and  affects  the  muscle 
cells  first,  leaving  the  accompanying  connective  tissue  undisturbed,  thus  trans- 
forming the  myoma  into  what  appears  to  be  fibrous  tissue. 

The  cysts  in  myoma  form  irregular  cavities,  whose  walls  consist  of  soft- 
ened tissue  without  sharp  circumscription.  They  always  contain  mucus. 
The  leiomyoma  is  often  multiple  and  may  be  congenital.  When  in  the 
uterus,  it  may  lead  to  hemorrhage,  dystocia,  and  sepsis,  and  when  peduncu- 
lated, may  cause  obstruction  of  the  bowels. 

II.  The  rhabdomyoma  is  a  rare  tumor,  Sutton  regarding  it  as  a  form  of  spindle-cell 
sarcoma.  It  is  especially  rare  as  a  growth  of  unstriped  muscular  tissue.  Rhabdomyoma  has 
occasionally  been  seen  in  the  form  of  a  hyperplasia  of  muscular  structure  following  traumatic 
hernia  of  the  muscle,  but  as  a  simple  tumor  formation,  it  is  practically  unknown.  The  occur- 
rence of  striped-  -muscular  cells  among  connective-tissue  fibers  is  also  rarely  observed,  and  is 
perhaps  doubtfully  described  as  rhabdomyofibroma. 

The  most  usual  occurrence  of  striated  muscle  is  in  a  peculiar  form  of  congenital  tumor  of 
the  kidneys  in  combination  with  sarcoma  cells.  The  sarcoma  cells  are  usually  of  spindle 
form,  muscle  cells  with  typical  transverse  striations  being  found  intermixed  with  them.  The 
muscle  cells  usually  appear  as  enormous  elongate  and  nodose  striated  spindles.  The  sarco- 
lemma  is  imperfect.  Such  tumors  are  perhaps  correctly  called  myosarcoma  or  rhabdomyosar- 
coma. They  may  be  congenital  or  develop  soon  after  birth.  They  attain  a  large  size,  are 
highly  malignant,  and  may  give  metastasis.  They  occur  in  the  testicle,  uterus,  ovary,  and 
parotid  gland.     In  all  probability  they  are  teratoid  tumors. 


GLIOMA. 

The  glioma  is  a  tumor  composed  of  neuroglia  or  the  connective  tissue  of 
the  nervous,  system.  Neuroglia  is  a  peculiar  specialized  tissue,  now  conceded 
to  be  of  epiblastic  origin.  It  becomes,  therefore,  incorrect  to  classify  this 
tumor  among  those  of  the  connective  tissues  of  mesoblastic  origin,  as  has 
been  done. 

Seat  of  Occurrence. — Its  usual  seat  of  occurrence  is  the  central  ner- 
vous system — the  brain,  spinal  cord,  and  retina.  Sutton,  however,  believes 
the  retinal  glioma  to  be  a  form  of  sarcoma  developing  from  the  sustentacular 
tissue  of  the  retina. 

Morbid  Anatomy. — The  tumors  are  usually  small,  varying  in  size  from 
a  pea  to  an  egg,  and  are,  as  a  rule,  solitarj'.  They  are  dark  red  in  color  and 
similar  to  the  cerebral  cortex  in  consistence.  They  may  be  indistinctly  dif- 
ferentiated from  the  surrounding  nervous  tissue,  and  are  not  encapsulated. 
Sometimes  the  tumor  is  pale  gray  in  color  and  somewhat  translucent.  Glio- 
mata  are  usually  quite  vascular. 

Pathologic  Histology. — When  examined  microscopically,  the  tissue 
appears  to  consist  of  cells  only,  these  cells  being  characterized  by  the  pres- 
ence of  nuclei  of  such  large  size  as  to  make  it  difficult  to  define  the  delicate 
cytoplasm  about  them.  When  the  tissue  is  properly  hardened  and  stained,  it 
can  be  seen,  however,  that  the  nuclei  belong  to  cells  of  stellate  shape,  with 
many  delicate,  long,  branched  processes — typical  spider  cells.  The  special 
staining  methods  of  Weigert  and  Mallory  define  the  cells  well.  Among  the 
cells  occasional  fibers  may  be  seen,  the  tumors  varying  somewhat  in  the 
number  of  fibers  they  contain.  As  seen  in  the  retina,  the  tumor  consists  of 
cells  similar  to  those  of  its  granular  layer.     Gliomata  are  apt  to  be  highly 
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vascular,  resembling  angiosarcomata,  and  are  liable  to  interstitial  hemor- 
rhage.    They  not  infrequently  undergo  necrosis  and  mucous  degeneration. 

The  tumor  is  benign  in  disposition,  in  the  sense  that  it  does  not  recur 
when  completely  excised  or  give  metastasis.  It  is,  however,  very  de- 
structive to  the  tissue  in  which  it  grows,  disorganizes  it,  and  invariably 
returns  when  incompletely  excised.  It  is  easily  confounded  with  sarcoma, 
and  because  of  the  similarity  of  the  two  tumors,  glioma  has  come  to  be  re- 
garded with  suspicion. 

The  tumors  are  of  frequent  occurrence  and  are  usually  solitary.  Their 
growth  is  slow,  and  the  symptoms  produced  depend  chiefly  upon  the  pressure 


Fig.  97.— Glioma  of  the  retina  (from  a  patient  of  L.  Webster  Fox  in  the  Medico-Chirurgical 

College,  Philadelphia). 

exerted  by  the  tumor,  though  in  part  upon  the  degeneration  of  the  tissue,  as  in 
syringomyelia  {q.  v.).  The  most  frequent  seat  of  occurrence  in  the  brain  is 
the  white  matter  surrounding  the  ventricles. 

Warren,  who  does  not  distinguish  between  glioma  and  sarcoma  of  the 
nervous  system,  states  that  glioma  is  the  most  frequent  of  all  brain  tumors. 
Glioma  of  the  eye  frequently  recurs  after  excision,  and,  having  occurred  in 
one  eye,  after  its  enucleation  sometimes  returns  in  the  other.  It  frequently 
extends  to  the  cranial  cavity  from  the  orbit,  and  sometimes  grows  out  upon 
the  face,  distending  the  orbit,  infiltrating  the  tissues  of  the  face,  and  causing 
great  disfigurement. 

It  is  supposed  by  some  that  sarcoma  and  glioma,  while  different  in  histo- 
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genesis,  can  be  coexistent,  and  gliosarcoma  has  been  described.  This  is, 
however,  a  very  doubtful  combination,  and  in  all  probability  the  tumors 
resembling  gliomata,  but  behaving  like  sarcomata,  are  in  reality  sarcomata. 

Glioma  is  subject  to  calcareous  and  myxomatous  degeneration  and  has 
a  pronounced  tendency  to  be  hemorrhagic  and  telangiectatic. 

Closely  related  to  the  glioma  is  the  so-called ^/zojij  of  the  nervous  system,  which  consists 
in  a  diffuse,  somewhat  nodular,  neurogliar  hyperplasia,  making  its  appearance  near  the  ven- 
tricular and  other  cavities  of  the  brain  and  spinal  cord.  The  subsequent  retrogressive  changes 
occurring  in  the  hyperplastic  tissue  lead  to  the  formation  of  cysts,  or  when  about  the  central 
canal  of  the  spinal  cord,  to  its  enlargement  and  the  development  of  syringomyelia  {q.  v.). 

NEUROMA. 

A  neuroma  is  a  tumor  composed  of  newly  formed  nervous  tissue.  Sur- 
geons apply  the  term  loosely  to  all  tumors  occurring  upon  the  nerves,  hence 
it  has.  become  necessary  to  speak  of  true  neuroma,  which  really  consists  of 
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nervous  tissue,  and  false  neuroma,  which  is  made  up  of  fibroconnective  or 
mucous  tissue  and  occurs  upon  the  nerves. 

It  is  also  necessary  to  differentiate  between  ganglionar  neuroma,  com- 
posed of  nerve  cells,  and  fibrillar  neuroma,  composed  of  nerve  fibers. 

I.  The  ganglionar  neuroma  is  a  rare  tumor  which  consists  of  ganglionic  nerve  cells,  neu- 
roglia cells,  and  nerve  fibers,  and  is  usually  called  neurogUoma  ganglionare.  It  occttrs  in  the 
central  nervous  system,  where  it  forms  ill-defined  swellings  or  circumscribed  nodular  enlarge- 
ments. When  such  enlargements  or  nodes  are  incised,  the  differentiation  of  white  and,gray 
matter  seen  in  normal  brains  is  absent,  and  the  whole  area  has  a  pale-gray  or  mottled  gray- 
and-white  appearance.  The  growth  has  no  sharp  circumscription,  and  it  is  doubtful  whether 
the  formation  is  properly  regarded  as  a  neoplasm  or  as  a  malformation.  Because  of  its  indefi- 
niteness  it  may  be  best  to  adopt  the  latter  view. 

II.  Fibrillar  Neuroma. — Sutton  divides  these  into  three  forms:  i.  Neurofibroma;  2, 
plexiform  neuroma ;  and  3,  traumatic  neuroma. 

I.  The  neurofibroma  includes  those  forms  already  mentioned  as  false  neuroma,  in  that  they 
do  not  grow  from  the  nervous  tissue  itself,  but  from  the  connective  tissue  of  its  sheath.  They 
occur  on  the  cerebral  and  spinal  nerves  and  on  the  nerve  roots,  and  maybe  single  or  multiple. 
In  neurofibroma  molluscum,  which  some  regard  as  characterized  by  tumors  of  this  class,  as 
many  as  2000  tumors  have  been  counted. 


208 


PROGRESSIVE   TISSUE   CHANGES. 


The  neurofibroma  is  of  small  size,  usually  not  larger  than  a  lentil  or  a  pea,  but  may  attain 
the  size  of  the  fist.  Certain  nerves,  as  the  fifth  cranial  nerve,  appear  to  be  predisposed  to  its 
occurrence.  .  -j  j  t_ 

It  forms  smooth,  fusiform  enlargements  upon  the  nerve,  projectmg  upon  one  side,  and  by 
pressure  spreads  out  its  fibers  "  like  a  strap."  Rarely  the  fibers  of  the  nerve  pass  through  the 
center  of  the  growth.  .        . 

The  microscope  shows  the  tumor  to  consist  entirely  of  connective  tissue.  Such  growths 
are  prone  to  undergo  myxomatous  degeneration  and  may  contain  coUiquation  cysts. 

The  neurofibroma  may  cause  no  discomfort,  especially  if  it  develop  upon  a  mixed  nerve 

somewhere  at  the  periphery  of  the  body.  Upon  the 
sensory  nerves,  especially  the  fifth  cranial  nerve,  it 
may  cause  very  acute  suffering.  When  upon  the 
nerve  roots  and  of  considerable  size,  it  may  occasion 
paralysis  by  pressure  upon  the  cord. 

2.  Plexiform  Neuroma. — This  term  has  been  ap- 
plied by  Verneuil  to  a  peculiar  and  rare  condition 
in  which  the  nerves  are  increased  in  number  and  in 
length  simultaneously  with  a  myxomatous  alteration 
of  their  sheaths,  which  transforms  them  into  gelati- 
nous, nodose  cylinders,  which  Sutton  has  compared 
to  the  umbilical  cord.  The  term  cirsoid  neuroma  has 
also  been  applied  to  the  condition. 

The  growth  makes  its  appearance  upon  the  head, 
trunk,  and  extremities,  where  the  skin  becomes  thick- 
ened and  loose,  so  as  to  bear  a  partial  resemblance 
to  elephantiasis.  When  the  tumor  is  pressed  beneath 
the  fingers,  the  enlarged  nerves  can  be  felt  like  worms 
in  a  bag. 

The  tumors  are  usually  congenital.  When  sub- 
jected to  microscopic  examination,  it  is  found  that 
the  nerves  have  undergone  a  fibrosis  from  excessive 
growth  of  the  endoneurium,  which  is  thickened  and 
nodose.  The  myxomatous  degeneration  occurs  in 
this  hyperplastic  tissue. 

Both  medullated  and  non-meduUated  nerves  have 
been  found  in  plexiform  neuroma,  though  the  for- 
mer predominate. 

3.  Traumatic  or  Amputation  Neuroma. — These 
are  bulb-like  growths  which  form  upon  the  proximal 
ends  of  divided  nerves  or  upon  the  cut  nerves  in 
an  amputation  stump.  Their  growth  seems  to  de- 
pend upon  attempted  regeneration  of  the  nerve, 
whose   axis-cylinders   grow    down   into  the  cicatrix 

and  spread  out.  Later  the  connective  tissue  also  grows  down  and  ensheaths  them,  and  many 
of  the  fibers  become  medullated.  The  bulbous  ends  which  thus  form  on  the  nerves  may  be 
the  size  of  a  pea  or  of  a  pigeon's  egg.  They  are  Smooth,  not  sharply  differentiated  from  the 
surrounding  tissue,  and  are  firm  to  the  touch.     The  microscope  reveals  their  true  nature. 

They  cause  great  suffering  in  some  cases,  though  in  the  majority  of  instances  they  are 
painless  and  not  sensitive  to  pressure. 

All  forms  of  neuroma  are  benign.  They  may,  however,  necessitate  operation  because  of 
pain  and  deformity.  The  greater  number  are  congenital,  and  a  distinct  hereditary  tendency 
to  their  development  seems  to  be  present  in  some  cases. 

They  are  not  common  in  the  lower  animals,  though  the  amputation  neuroma  is  frequently 
seen  upon  the  limbs  of  animals  injured  in  traps,  by  gunshot  or  bites,  and  they  not  infrequently 
form  on  the  divided  nerves  of  horses  after  the  operation  of  neurotomy. 

Malignant  neuroma,  which  has  occasionally  been  described,  is  in  all  probability  a  sarcoma 
of  the  nerve  sheath  and  not  a  tumor  of  the  nerve. 


Fig.  99. — Neuromata  in  = 
after  amputation  of  the  foot : 
terior  tibial  artery;  b,  posterior  tibial 
nerve ;  c,  flat  neuroma  of  internal 
plantar  nerve ;  d,  round  neuroma  of 
same  nerve ;  e,  another  small  neu- 
roma ;  f,  cicatrix  of  stump  (Duplay 
and  Reclus). 


ANGIOMA. 

An  angioma  or  hemangioma  is  a  tumor  consisting  essentially  of  blood 
vessels,  some  of  which  are  of  new  formation. 

The  etiology  of  the  tumor  is  obscure.  Some  forms  seem  to  depend  upon 
an  abnormal  dilatation  of  the  blood  vessels  belonging  to  the  tissue  in  which  they 
occur ;  others  upon  dilatation  of  these  vessels  associated  with  the  formation 
of  new  ones.  In  most  cases  the  growth  is  entirely  without  distinct  bound- 
aries, and  presents  radiating  extensions,  as  are  observed  in  ncevus  araneus  or 
"spider  cancer"  of  the  face.  Sometimes,  as  in  the  plexiform  angioma,  the 
dilated  vessels  are  cirsoid  and  parallel,  the  dilatation  and  tortuousness  extend- 
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ing  some  distance  beyond  the  confines  of  the  tumor  along  its  supplying 
vessels.  In  other  cases,  as  in  the  cavernous  angioma  of  the  liver,  the  growths 
are  quite  well  defined. 

Angiomata  occur  in  the  skin  and  subcutaneous  tissue ;  the  subcutaneous 
and  subserous  tissue ;  in  the  muscles  and  bones,  and  in  certain  organs,  espe- 
cially the  liver,  kidneys,  spleen,  intestine,  and  bladder. 

In  the  subcutaneous  tissue  it  is  often  difficult  to  differentiate  between  phle- 
bectasia  {g.  v.)  and  angioma,  though  limitations  of  the  vascular  dilatations 
might  be  a  safe  guide  to  follow. 

Special  Forms. — 1.  Angioma  simplex  or  simple  nevus,  also  called  angioma  glomeruli- 
forme,  angioma  telangiectasia,  nrnvus  vascularis,  or  "  birth  mark,"  is  the  most  frequent  and 
simple  form.  It  consists  of  capillaries,  small  arteries,  and  veins,  which  are  woven  together 
into  a  complicated  reticulum  or  plexuS  of  vessels  that  may  show  saccular  dilatations  when 
microscopically  examined. 

These  tumors  are  most  frequent  in  the  skin,  where  they  are  frequently  observed  at  birth, 
and  are  in  consequence  known  as  "  mother's  marks  "  or  "birth-marks."     They  may  be  ob- 


FlG.  100. — Angioma  of  upper  lip  (Dandridge).. 


served  at  the  time  of  birth  or  appear  a  few  weeks  later.  They  may  remain  inconspicuous  in 
size,  but  sometimes  a  very  trivial  mark,  deserving  of  no  attention  in  infancy,  may  grow  to  con- 
siderable dimensions  and  even  prove  dangerous  in  after-life. 

The  superficial  or  dermal  nevi  appear  as  discolorations  rather  than  as  enlargements  or  eleva- 
tions upon  the  skin,  though  in  exceptional  cases  distinct  and  fairly  well  circumscribed  tumors 
occur.  They  are  apt  to  occur  near  one  of  the  points  of  fusion  of  embryonal  tissue  (fissural 
angioma). 

A  nevus  may  appear  brilliant  red  in  color  (Misi/aj  yfa»«»««aj),  or  reddish  purple  or  bluish 
purple  [ntsvus  vinosus or"  port-wine  stain").  These  discolorations  may  form  mere  points  upon 
the  skin,  or  may  cover  an  area  of  one  or  two  square  centimeters.  They  often  present  fantastic 
shapes,  which  has  suggested  a  correspondence  between  the  spots  and  objects  that  profoundly 
impressed  the  parent  before  the  birth  of  the  child.  While  fortunately  small,  as  a  rule,  nevi  of 
this  class  may  spread  over  half  of  the  face,  or  in  exceptional  cases  over  a  large  part  of  the 
body.  The  skin  covering  them  is  usually  smooth,  but  may  be  coarse  and  granular.  NcBvi 
pigmentosi  or  pigmented  moles  are  more  complicated  in  structure  and  may  be  covered  with 
fine  hairs. 

The  simple  nevi  occur  chiefly  upon  the  face,  but  may  also  occur  upon  the  scalp,  neck,  back, 
labia,  genitalia,  lips,  tongue,  and  conjunctiva,  and  rarely  in  the  membranes  of  the  brain  and 
spinal  cord.  Simple  angiomata  also  occur  in  the  mammary  glands,  in  the  bones,  and  occa- 
sionfilly  in  the  brain.     Certain  of  the  vascular  polypi  commonly  included  among  the  hemor- 
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yhoids  {q.  v.)  are  simple  angiomata  resulting  from  dilatation  of  groups  of  minute  arterial  or 
venous  vessels.  They  are  usually'situated  within  the  sphincter  muscle  of  the  anus,  forming 
internal  AemarrAoids  of  pednnc\x]a.ted  form  and  sometimes  of  berry-like  appearance.  Dilata- 
tions of  small  arteries  and  their  distribution  occurring  in  this  way  are  sometimes  described  as 
racemose  aneurysms.  '.-.-■ 

Pressure  upon  a  nevus  drives  the  blood  from  the  vessels,  causing  it  to  pale,  the  pallor  im- 
mediately disappearing  when  the  pressure  is  removed.  If  the  growth  is- thicker  than  usual  and 
forms  a  flat,  tubular,  or  warty  swelling,  arid  especially  if  it  contains  an  unusual  number  of  arterial 
vessels,  it  may  pulsate..  Such  distinct  enlargements  sometimes  show  thickened  capillary  walls 
(simple  hyfertrofhic  angioma).  If  a  port-wine  stain  contains  unusually  large  vessels,  it  is  some- 
times called  angioma  simplex  venosum  or  varicosum.  In  the  vessels  of  such  tumors  small  phle- 
boliths  (g.  v)  may  form. 

Simple  angiomata  may  remain  unchanged  throughout  life  ;  in  rare  cases  they  spontaneously 


Fig.  ioi." 


-Racemose  angioma  of  liver:  a,  Periportal  connective  tissue  containing  a  vein  and 
bile-ducts  ;  6,  dilated  capillaries  forming  tumor  ;  c,  liver  cells. 


disappear.  Unfortunately,  the  growths  sometimes  take  on  an  unexpected  development  and 
become  transformed  to  cavernous  angiomata..  .   -     >         .     . 

When  a  simple  angioma  is  examined  with  the  microscope,  the  vascular  dilatations  are  found 
to  be  cylindric,  fusiform,  and  saccular,  the  vessels  freely  communicating  with  one  another. 

2.  Cavernous  Angioma  or  Angioma  Cavernosum. — In  this  group  are  included  vascular 
tumors  whose  structure  approximates  that  of  the  erectile  tissue,  consisting  of  widely  dilated, 
irregular  blood  cavities,  separated  from  one  another  by  connective-tissue  partitions.  The  cavi- 
ties thus  formed  freely  communicate  with  one  another  and  are  all  lined  with  endothelium. 

The  angioma  cavernosa  occurs  in  the  skin  and  subcutarteous  tissues,  and  is  formed  either 
by  dilatation  and  consequent  transformation  of  simple  aiig?omata  or  by  the  new  formation  and 
progressive  dilatation  of  ordinary' vessels.  Angioma  cavernosa  also  occurs  in  the  mamma, 
tongue,  bones,  voluntary  miiscles,  larynx,  kidneys,  spleen,  uterus,  intestine,  and  bladder. 

The  dermal  growths  present  a'cofor  similar  to  that  of  the  simple  angioma,  appearing  pink, 
red,  purple,  or  blue.  They  are  larger  than  the  simple  angiomata,  and  form  more  or  less  promi- 
nent tumors,  some  of  which  become  as  large  as  goose  eggs  and  frequently  pulsate  distinctly. 
For  the  most  part  they  form  ill-defined  swellings  or  nodes,  though  in  the  larynx  they  may 
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Fig.  I02. — Cavernous  angioma  of  liver.  The  illustration  shows  tumor  tissue  only  :  a. 
Blood  channels  filled  with  corpuscles ;  b,  fibrous  framework  supporting  delicate  walls  of  blood 
sinuses. 


Fig.  103. — Cavernous  lymphangioma  of  the  axilla,  of  congenital  origin  (Warren). 
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take  the  appearaijce  of  sessile  or  pedunculated  tumors  {n<Bvi  prominens).  They  may  be  diffuse, 
or  may  be  fairly  well  circumscribed  and  even  encapsulated.  They  have  a  peculiar  spongy 
character  and  readily  yield  to  compression,  the  blood  being  driven  into  neighboring  vessels. 

Cavernous  angiomata  are  common  in  the  liver,  where  they  appear  as  dark  spots  which 
collapse  after  death  and  appear  somewhat  depressed  upon  the  surface.  The  hepatic  angiomata 
are  often  multiple,  especially  in  aged  persons,  and  are  believed  to  be  acquired  late  in  life. 

Cavernous  angioma  is  less  benign  than  simple  angioma,  its  progressive  enlargement  com- 
pressing the  tissue  in  which  it  grows,  causing  its  atrophy.  The  attenuation  of  the  walls  of 
the  dilating  vessels  predisposes  to  rupture  with  frequent  hemorrhages,  which  may  result  in 
anemia  or  even  be  fatal. 

3.  Pleziform  angioma,  cirsoid  aneurysm,  aneurysm  by  anastomosis,  angioma  arteri- 
ale  pleziforme,  or  angioma  arteriale  racemosum  is  a  rare  abnormal  growth  in  which  an 
entire  group  of  arteries  becomes  dilated,  tortuous,  irregular,  and  hypertrophied,  and  forms  a 


Fig.  104.— Cavernous  lymphangioma  of  neck  and  axilla  in  a  young  woman  (Horaans). 

vascular  mass  in  which  the  vessels,  for  the  most  part,  are  nearly  parallel.  Arteries  of  middle 
size  are  so  affected.  It  forms  a  tumor-Hke  enlargement,  but  might  with  equal  propriety  be 
described  as  a  congeries  of  cirsoid  aneurysms. 

Sutton  says  that  plexiform  angiomata  may  consist  of  arteries  only,  of  veins,  or  of  arteries 
and  veins  in  equal  proportion. 

Plexiform  angiomata  have  been  observed  upon  the  face  and  head,  upon  the  perineum,  fore- 
arm, and  in  the  popliteal  space.  A  distinct  bruit  or  "buzz  "  has  been  subjectively  detected  in 
the  cases  in  which  the  tumor  occurred  upon  the  head. 

Morbid  Anatomy. — Angiomata  are  made  up  of  arteries,  veins,  capil- 
laries, and  lymphatics,  with  intervening  tissue  corresponding  to  the  structure 
in  which  they  form.    The  differentiation  of  arterial  from  venous  vessels  may  be 
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difficult  when  the  dilatations  are  considerable  and  numerous,  and  impossible 
if  the  arterial  and  venous  channels  communicate.  Capillaries  may  be  absent. 
In  the  cavernous  angioma  it  is  impossible  to  recognize  the  origin  of  the 
blood  spaces,  which  are  simple,  wide  channels  through  which  mixed  blood 
circulates. 

Pathologic  Histology. — The  microscopic  examination  reveals  nothing 
more  than  can  be  recognized  by  the  naked  eye.  The  tumor  is  found  to  be 
composed  of  atypical  and,  often,  attenuated  blood  vessels  of  all  varieties. 

LYMPHANGIOMA. 

The  lymphangioma  is  a  rare  tumor,  essentially  composed  of  lymphatic 
vessels.  This  tumor  bears  the  same  relation  to  the  lymphatic  vessels  that  the 
hemangioma  does  to  the  blood  vessels.  It  consists  of  a  simple  dilatation 
of  groups  of  lymphatic  vessels  {lyviphangioma  simplex),  usually  affecting  their 
whole  length.  Sometimes  large  saccular  dilatations  are  formed,  and  the  growth 
is  called  lymphangioma  caverhosum  or  cystoides.  The  fluid  contents  of  these 
cysts  is  commonly  milky  in  appearance. 

No  distinct  tumor  is  formed,  but  the  dilated  vessels  may  alter  the  shape 
of  the  affected  part  or  lead  to  universal  increase  in  its  size.  Thus,  macro- 
glossia,  macrocheilia,  and  navus  lymphaticus  are  respectively  characterized 
by  lymphatic  dilatation  of  the  tongue,  lips,  and  local  areas  of  the  skin.  The 
condition  may  be  congenital  or  acquired ;  its  cause  is  unknown.  In  rare 
cases  obstruction  of  the  lymphatics  with  enlargements  similar  to  those  de- 
scribed result  from  parasitism,  and  the  disease  known  as  elephantiasis  {q.  v.), 
which  is  characterized  by  marked  lymphangiectasis,  is  known  to  have  its 
origin  in  obstruction  of  the  lymphatic  vessels  by  filarial  worms. 

Rarely  the  thin  dermal  covering  of  the  lymphangiomatous  enlargements 
gradually  atrophies,  and  should  the  cysts  or  the  dilated  vessels  rupture,  a  per- 
manent fistula  remains,  leading  to  lymphorrhea. 

Chylangioma  resulting  from  dilatation  of  groups  of  lacteal  vessels  is  rare. 

LYMPHADENOMA. 

There  are  few  pathologic  lesions  concerning  the  nature  of  which  we  are 
in  such  uncertainty  as  the  lymphadenoma. 

From  the  surgeons,  many  of  whom  were  pioneers  in  the  description  of 
pathologic  processes,  we  have  had  handed  down  to  us  the  word  lymphoma, 
which  was  applied  indiscriminately  to  all  enlargements  of  the  lymphatic 
nodes,  so  that  tuberculosis,  simple  infection,  hypertrophy,  and  neoplasm 
were  all  included  in  its  scope.  We  even  read  of  hard  and  soft  lymphomata, 
these  words  referring  merely  to  the  physical  condition  of  the  affected  nodes, 
and  not  enabling  one  to  make  any  important  differentiation  of  the  lesions. 
The  term  lymphoma  should,  therefore,  be  abandoned.  When  we  eliminate 
the  hypertrophies,  hyperplasias,  infections,  and  other  lesions  of  the  nodes, 
there  remains  an  enlargement  not  yet  accounted  for  and  described  as  lymph- 
adenoma. 

A  lymphadenoma  is  a  tumor  formed  by  proliferation  of  lymphoid  tissue, 
and  usually  develops  from  lymphatic  nodes. 

It  is  doubtful  whether  the  latitude  permitted  by  this  definition  is  not  too 
wide,  as  it  is  not  known  whether  all  such  growths  arise  from  the  same  cause, 
as  we  have  no  positive  knowledge  of  the  nature  of  any  of  them. 

There  is  a  widespread  opinion  in  the  profession  that  the  so-called  lymph- 
adenomata  are  not  neoplasms,  but  lesions  of  some  not  yet  understood  specific 
infection. 
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Multiple  lymphadenoma  is  variously  known  as  Hodgkin's  disease  by 
Wilks,  who  so  named  it  after  Hodgkin,  who  first  described  it  in  1832;  as 
pseudoleukemia  by  Cohnheim  ;  adenie  by  Trousseau ;  lymphadenie  by  Ran- 
vier ;  malignant  lymphoma  by  Billroth ;  lymphosarcoma  by  Virchow ;  malig- 
nant lymphosarcoma  by  Langhans  ;  and  lymphadenoma  by  Wunderlich  and 
also  by  Ranvier. 

The  enlargement  is  characterized  by  proliferation  of  the  lymphoid  tissues, 
chiefly  of  the  lymph  nodes.  One  node  may  be  affected,  though  more  fre- 
quently a  chain  of  glands  enlarges  either  simultaneously  or  in  succession. 
Lymph  nodes  over  all  the  body,  and  lymphatic  tissue  in  all  the  organs, 
may  show  proliferation  and  enlargement  (general  lymphadenoma).  Such 
cases  would  closely  resemble  leukemia,  but  the  blood  changes  of  that  dis- 
ease are  not  observed,  the  only  blood  changes  present  in  lymphadenoma 
being  secondary  anemia  resulting  from  the  occasional  cachexia.  The  suc- 
cessive enlargement  of  lymph  nodes  of  the  same  region  makes  it  difficult  to 
differentiate  between  lymphadenoma  and  tuberculosis  of  the  lymphatic 
glands,  and  it  may  be  impossible  properly  to  differentiate  the  two  conditions 
clinically. 

The  growths  maybe  as  large  as  horse-chestnuts,  or  in  exaggerated  cases  as 
large  as  eggs.  The  consistence  of  the  nodes  is  altered,  and  they  become  soft, 
at  times  even  fluctuating ;  the  cut  surface  is  white  and  not  unlike  the  white 
matter  of  the  brain.  From  this  change  in  appearance  it  must  be  concluded 
that  the  growth  is  more  than  either  a  hyperplasia  or  hypertrophy.  The 
lymphoid  structure  ,of  the  organs  is  also  distinctly  changed.  Thus,  the 
tonsils  hypertrophy  and  their  follicles  become  greatly  enlarged.  The  spleen 
is  not  uniformly  enlarged  when  affected,  but  contains  nodules  of  lymphoid 
tissue. 

Pathologic  Histology. — The  enlargement  of  the  lymphoid  organs 
depends  upon  increase  in  the  number  of  lymphocytes,  chiefly  the  small 
lymphocyte  normal  to  the  lymphatic  tissue,  though  some  multinuclear  and 
endothelial  cells  can  usually  be  detected  in  the  growths.  The  lymphadenoid 
structure — i.  e. ,  the  delicate  reticulum  with  aggregations  of  lymphocytes  in 
its  meshes — is  usually  retained ;  the  relation  of  lymph  sinuses,  cortical  fol- 
licles, and  medullary  cords  is,  however,  destroyed. 

The  tumors  once  having  formed,  usually  persist.  They  may  occur  at  any 
part  of  the  body,  but  seem  to  be  most  frequent  in  the  neck  and  mediastinum. 
Though  they  become  very  soft,  they  rarely  break  down  and  discharge  the 
contents,  or  by  rupture  of  the  capsule  permit  infiltration  of  the  neighboring 
tissues. 

The  tumor  cannot  be  called  benign,  because  it  is  apt  to  be  followed  by 
anemia  and  cachexia,  and  because  some  of  the  tumors  tend  to  malignant 
infiltration.  Many  cases  clinically  diagnosticated  as  lymphadenoma,  espe- 
cially when  of  the  infiltrating  variety,  prove  upon  careful  microscopic  exami- 
nation to  be  tuberculosis  of  the  nodes. 

Lymphosaxcoma  is  too  closely  related  to  the  tumor  just  described  to  receive  separate  con- 
sideration. It  has,  however,  certain  characteristics  by  which  many  cases  can  be  differentiated. 
That  is  to  say,  though  it  arises  from  the  lymphoid  tissues  of  the  lymphatic  nodes,  spleen,  and 
tonsils,  and  from  the  lymph  follicles  of  the  pharynx,  palate,  stomach,  and  intestine,  and  retains 
the  lymphoid  structure  fairly  well,  it  early  breaks  through  the  surrounding  capsule,  invades 
the  adjacent  tissues,  and  establishes  secondary  growths  by  lymphatic  or  hematic  metastasis. 
Superiicial  growths  of  this  kind,  such  as  occur  in  the  intestine,  pharynx,  etc.,  early  undergo 
necrosis,  with  the  formation  of  large  ulcers.  By  the  fusion  of  neighboring  masses  conglome- 
rate tumors  may  also  be  formed. 

From  this  brief  description  it  will  become  apparent  to  the  reader  that  the  difference 
between  lymphadenoma  and  lymphosarcoma  is  very  slight.  Both  may  be  infectious  lesions, 
not  neoplasms,  and  both  may  depend  upon  the  same  cause. 
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TUMORS    OF    THE    EPITHELIAL   TISSUES. 

The  tumors  of  the  group  next  to  be  considered  are  characterized  by  com- 
ponent tissues  derived  front  two  of  the  blastodermic  layers — the  epiblast  or 
hypoblast  and  the  mesoblast.  Epithelial  cells,  though  not  always  present 
in  large  numbers,  form  their  essential  and  conspicuous  elements.  Be- 
cause of  the  importance  of  the  epithelium  which  they  contain  these  tumors 
are  commonly  described  as  epithelial  tumors.  Because  of  their  composite 
nature  and  more  or  less  pronounced  resemblance  to  organs  Virchow  called 
them  organoid  tumors. 

They  all  consist  of  a  vascular  fibroconnective-tissue  framework,  in  or 
upon  which  the  epithelial  cells  are  situated.  The  relation  of  the  two  tissues 
varies  according  to  the  type  of  tissue  from  which  the  growths  arise ;  thus, 
under  normal  conditions,  the  surfaces  of  the  body  are  covered  with  a  layer  of 
epithelial  cells  supported  and  vascularized  by  a  subepithelial  tissue  charac- 
terized by  papillae  which  carry  the  capillary  vessels  and  nerve  endings  and 
afford  additional  surface  for  the  attachment  of  the  epithelium.  The  tumors 
of  this  tissue  either  consist  of  exaggerations  of  the  normal  structure — that  is, 
enlargement  of  the  papillae,  about  which,  as  a  central  axis,  the  increased  epi- 
thelium is  developed  (papilloma) — ^or  are  due  to  a  loss  of  the  proper  relation- 
ship between  the  epithelium  and  the  subepithelial  tissue,  by  which  the  former 
grows  down  into  and  invades  the  latter  (epithelioma).  The  greatest  differ- 
ence in  the  disposition  of  the  growth  arises  in  consequence  of  its  mode  of 
origin,  for  a  tumor  of  the  first  form  becomes  merely  a  harmless  excrescence, 
while  one  of  the  last  form  becomes  an  invading,  disorganizing,  recurring,  and 
metastatic  tumor. 

The  other  epithelial  structures  of  the  body  are  collectively  considered  as 
"glands,"  and  consist  of  a  vascular  and  fibrous  reticulum  whose  spaces  con- 
tain the  essential  functional  cells.  Tumors  which  maintain  this  structure  and 
show  a  normal  relationship  between  the  epithelium  and  connective  tissue  are 
as  harmless  as  the  normal  tissues ;  but  if  once  this  relationship  is  destroyed 
and  the  cells  are  no  longer  held  in  bounds  by  the  membrana  propria,  but 
find  themselves  at  liberty  to  multiply  in  and  extend  along  the  interstices  of 
the  connective  tissue,  the  growth  becomes  entirely  different,  and  results  in  dis- 
organization of  the  affected  organ  with  a  tendency  to  metastatic  distribution. 

It  is,  therefore,  by  consideration  of  the  order  or  disorder  shown  in  the 
structure  of  the  tumor  that  its  disposition  as  regards  malignancy  or  benig- 
nancy  can  be  judged.  Normally,  the  epithelial  cells  are  arranged  in  an 
orderly  manner  upon  a  membrana  propria,  which  forms  a  sharp  line  of  de- 
markation  from  the  adjacent  connective  tissue.  The  line  of  the  membrana 
propria  is  rendered  irregular  by  minute  outgrowths  of  the  connective  tissue 
(papillae)  and  by  tabular  ingrowths  of  epithelium  (glands).  Tumors  formed 
by  an  atypical  new  formation  of  papillae  or  of  glands,  the  orderly  relation- 
ship of  the  cells  to  the  membrana  propria  being  preserved,  are  called  respec- 
tively papillomata  and  adenomata.  Tumors  resulting  from  an  atypical, 
unlimited,  infiltrative  overgrowth  of  epithelium,  the  orderly  arrangement 
being  lost,  with  the  result  of  invasion  of  the  connective  tissue  by  the  epi- 
thelium, are  called  carcinomata  or  cancers. 

The  terra  epithelioma  is  sometimes  used  in  a  broad  sense  to  refer  to  whole 
groups  of  the  epithelial  tumors,  but  it  has  become  customary  to  restrict  this 
term  to  a  certain  form  of  superficial  cancer. 

PAPILLOMA. 

A  papilloma  is  a  benign  tumor  resulting  from  a  new  growth  of  epithe- 
lial-covered papillary  processes  arising  from  the  skin  or  mucous  membranes. 
Seat  of  Occurrence. — Papillomata  are  common  upon  the  skin  and  also 
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upon  the  mucous  membrane  of  the  larynx,  nose,  and  bladder.  They  some- 
times also  occur  in  cysts  of  the  ovary  and  mammary  gland  and  in  cysts  of 
certain  tumors  (papuliferous  cysts — adenocystoma  papilliferum). 

They  occur  in  man  and  in  the  lower  animals,  being  frequent  upon  the  penes 
of  horses  and  bulls,  lips  of  lambs,  and  pads  of  the  feet  of  carnivorous  animals. 

Morbid  Anatomy. — The  appearance  will  vary  according  to  the  variety. 
It  is  customary  to  divide  the  tumors  into  hard  papilloma,  which  occurs  upon 
the  skin  and  consists  of  papillary  processes  covered  with  squamous  epithelium, 
and  soft  papilloma,  in  which  the  papillae  are  covered  with  columnar  epithe- 
lium. Sutton  gives  a  different  classification,  dividing  the  tumors  into  :  (i) 
Wart ;  (2)  villous  papilloma ;  (3)  intracystic  papilloma,  and  (4)  psammoma. 

The  psammoma  is  now  generally  conceded  to  originate  from  endothelium, 
not  epithelium,  and  is,  therefore,  more  closely  related  to  the  sarcomata,  with 
which  it  is  described  in  this  work. 

The  "  warts  "  are  hard  papillomata  ;  the  villous  papillomata,  either  hard 
or  soft,  according  to  the  tissues  from  which  they  arise ;  all  the  intracystic 
papillomata  are  soft. 

1.  Hard  Papilloma,  Verruca,  or  Wart. — These  dermal  neoplasms  are  com- 
mon upon  the  hands  of  children  (verruca  vulgaris),  where  they  form  small 
single  or  multiple  sessile  growths,  rarely  much  larger  than  a  pea.  They  fre- 
quently appear  in  successive  crops,  growing  in  a  surprisingly  short  time,  and 
often  disappearing  with  equal  celerity ;  sometimes  they  persist.  The  little 
growths  are  irregular  and  hard,  and  through  attrition  of  the  superficial  epi- 
thelium frequently  show,  upon  the  partially  denuded  surface,  the  numerous 
papillae  forming  the  foundation  of  the  structure.  Such  warts  are  sometimes 
popularly  known  as  "  seed  warts,"  probably  under  the  misapprehension  that 
the  little  papillae  are  seeds.  Softer  warts  are  of  frequent  occurrence  about 
the  anus,  and  especially  upon  the  glans  penis  and  vaginal  wall  as  the  result 
of  the  irritation  of  gonorrheal  discharges,  etc.  These  are  known  as  verruca 
acutninata,  condylomata  acuminata,  or  venereal  warts.  They  are  more  poly- 
poid than  the  ordinary  warts,  and  are  softer  and  more  red,  being  much  more 
vascular.  A  warty  outgrowth  situated  chiefly  about  the  genitals,  though 
occurring  upon  other  moist  dermal  areas  and  upon  the  squamous  mucous 
membranes  in  syphilis,  is  known  as  the  condyloma  lata.  It  fails  to  present 
the  usual  warty  appearance  because  of  the  rapid  degeneration  of  the  super- 
ficial cells,  so  thg,t  it  forms  a  flat,  glazed,  semi -ulcerated  area,  familiarly  known 
as  the  "mucous  patch." 

Rarer  forms  of  warts  are  the  verruccE  digitaia,  consisting  of  numerous 
long,  projecting,  finger-like  processes,  which  appear  upon  the  scalp,  shoul- 
ders, and  back  ;  and  the  verrucce /iliformis ,  elongate,  thread-like  growths  upon 
the  face  and  neck. 

Many  warts  persist  and  increase  in  size,  and  may  even  attain  a  size  as 
large  as  the  fist,  and,  as  Sutton  says,  "  look  very  formidable."  The  surface 
is  not  infrequently  necrotic  in  the  larger  tumors,  and  the  discharge  from  it 
may  be  very  offensive. 

The  spontaneous  disappearance  of  warts  is  dependent  upon  loss  of  nour- 
ishment, followed  by  softening  and  exfoliation  of  the  growth. 

Laryngeal  warts  usually  spring  from  the  mucous  membrane  covering  the 
true  vocal  cords,  near  the  point  of  attachment  to  the  thyroid  cartilage.  They 
frequently  resemble  a  mulberry,  and  by  being  nipped  between  the  cords,  may 
obstruct  the  glottis  and  cause  suffocation.  They  rarely  attain  a  size  larger 
than  a  cherry,  and  the  greater  number  are  not  larger  than  pin-heads. 

2.  Villous  papilloma  may  occur  upon  mucous  membranes  covered  with 
squamous  cells,  or  upon  membranes  covered  with  columnar  cells. 

(a)  Squamous-cell  villous  papilloma  is  not  infrequent  in  the  urinary  blad- 
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der,  where  it  forms  a  delicately  branched  dendritic  growth,  most  apt  to  spring 
from  the  posterior  wall  of  the  bladder,  near  the  trigone.  They  also  grow 
occasionally  in  the  pelvis  of  the  kidney,  and  when  they  occur  simultaneously 
in  both  situations,  it  is  not  impossible  that  a  fragment  being  torn  away  from 
the  renal  growth  becomes  implanted  in  the  wall  of  the  bladder  (Sutton). 

Villous  papilloma  in  the  pelvis  of  the  kidney  causes  dilatation  and  pres- 
sure atrophy  of  the  organ.  The  atrophy  occurs  in  little  pockets,  into  which 
the  villi  project  and  may  be  caught  and  retained,  making  it  appear  as  if  the 
growth  was  primary  in  the  kidney  itself. 

In  the  bladder  the  growth  obstructs  the  urethra  if  its  villous  processes  are 
long  enough  to  extend  into  that  tube  and  plug  it.  The  tumor  is  apt  to 
be  highly  vascular,  and  bleeds  spontaneously  as  well  as  when  injured  by  in- 
struments introduced  for  exploratory  purposes. 


Fig.  105. — Soft  papilloma  of  the  large  intestine.  The  magnification  is  insufficient  to  show 
the  histologic  structure  in  detail,  but  shows  well  the  cauliflower-like  formation  of  the  tumor. 
Zeiss,  Oo.  3  ;  ob.  a'.- 


{b')  Columnar-cell  villous  papilloma  occurs  in  the  intestine.  It  forms  a  cau- 
liflower, dendritic,  or  villous  growth  that  may  attain  a  considerable  size  and 
even  obstruct  the  intestine.  It  consists  of  delicate  branches  that  are  covered 
by  columnar  epithelium.  Like  the  other  warts,  it  is  benign,  and  may  at  any 
time  soften  and  spontaneously  become  detached.  Unfortunately,  tumors  of 
this  form  are  apt  to  be  associated  with  some  ingrowth  of  the  epithelium,  and 
after  spontaneous  or  surgical  removal  may  continue  a  malignant  growth  below 
the  aifected  surface. 


2l8 


PROGRESSIVE   TISSUE  CHANGES. 


3.  Intracystic  villous  papilloma  is  a  rare  formation  appearing  on  the 
walls  of  cysts,  the  mammary  gland,  and  ovary.  The  growths  may  be  very 
numerous  and  of  small  size,  or  they  may  be  large  and  cause  the  cyst  to  be 
filled  with  a  delicate  villous  mass,  and  later  greatly  distend  it.  In  some 
cases  the  cysts  have  even  ruptured  upon  the  surface  of  the  breast,  and  the 
papillary  formations  continued  their  growths  on  the  external  surface  as  a  form 
of  "  fungous  hematodes."  It  is  not  infrequent  to  find  papillary  excrescences 
on  the  inner  surfaces  of  the  cysts  of  the  paroophoron,  where  occasional 
rupture  of  the  wall  of  the  cyst  and  continuance  of  growth  are  also  observed. 


Fig.  106. — Papilloma  of  the  rectum.    The  section  passes  through  many  of  the  villous  pro- 
jections and  presents  a  glandular  appearance.     Zeiss,  Ob.  c ;  oc.  is. 


It  is  possible  that  the  crowding  of  the  cells  which  the  growth  of  the  papilloma 
causes  disturbs  their  relationship  to  the  basement  membrane,  as  it  is  not 
unusual  for  growths  of  this  form  to  become  malignant  in  the  course  of  time. 

Pathologic  Histology. — In  all  the  papillomata  the  essential  micro- 
scopic feature  is  the  persistence,  throughout  the  tumor,  of  the  normal  relation 
of  the  cells  to  the  membrana  propria. 

The  epithelial  cells  undergo  active  multiplication  and  form  exaggerated 
masses  in  the  hard  warts  and  in  the  interpapillary  processes.  Where  the 
cellular   prolongations    dip  deeply  into  the  tumor,  interesting  formations,: 
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known  as  epithelial  pearls  or  "pearly  bodies,'^  occur  from  the  combined 
effects  of  crowding  and  keratosis. 

When  distinctly  horny,  the  pearly  bodies  can  be  recognized  by  their 
yellow  color  and  the  absence  of  stainable  nuclei.  They  can  be  recognized 
at  all  times  by  their  concentric  arrangement,  the  crowded  cells  being  flattened 
and  covering  one  another  very  much  like  the  skins  of  an  onion. 

Such  formations  occur  only  in  tumors  of  squamous  epithelium,  the  col- 
umnar cells  of  the  soft  papillomata  undergoing  no  keratosis,  being,  by  their 
shape  and  the  absence  of  crowding  in  their  soft  matrices,  prevented  from 
forming  the  concentric  masses. 

CUTANEOUS  HORNS. 

As  cutaneous  horns,  such  as  occur  in  man  and  the  lower  animals,  fre- 
quently arise  from  warts,  it  seems  most  convenient  to  describe  them  at  this 
point.  They  have  been  observed  upon  the  scalp,  temple,  forehead,  eyelid, 
nose,  lip,  cheek,  shoulder,  arm,  elbow,  thigh,  leg,  knee,  toe,  axilla,  thorax, 
buttock,  loin,  penis,  and  scrotum. 

They  may  grow  from  warts,  sebaceous  cysts,  cicatrices,  and  nails,  but  it 
may  be  impossible  to  determine,  by  an  examination  of  the  horns  themselves, 
whether  they  grow  from  one  or  the  other.  The  horns  formed  upon  the  face 
and  scalp  in  many  cases,  probably  in  the  greater  number  of  cases,  develop 
from  the  sebaceous  cysts.  They  at  first  consist  of  the  sebaceous  matter 
which  projects  through  a  rupture  in  the  wall,  and  become  inspissated  upon 
exposure  to  the  air.  From  the  epithelium  about  the  base  the  cells  grow  out 
upon  this  firm  material  until  it  becomes  surrounded  by  hyperplastic  and 
horny  epithelium,  which,  continuing  its  growth  and  undergoing  an  unusual 
degree  of  keratosis,  ultimately  forms  a  true  horn.  Such  horns  may  attain  a 
length  of  20  cm.  and  form  startling  disfigurements.  The  wart  horns  are 
more  apt  to  occur  upon  the  penis  and  ear,  and  result  from  keratosis  of  the 
epithelial  cells  of  the  tumor.  Sutton  says  that  the  best  way  to  differentiate 
between  the  wart  horns  and  sebaceous  horns  is  to  split  them  longitudinally 
and  see  whether  or  not  a  cyst  is  present  at  the  base.  Sebaceous  horns  are 
not  rare  in  mice. 

The  occurrence  of  epithelioma  in  consequence  of  irregular  hyperplasia  of 
the  epithelium  about  the  bases  of  horns  is  not  uncommon. 

Cicatricial  horns  are  very  rare  and  usually  form  on  cicatrices  resulting 
from  burns.  They  may  grow  slowly  for  many  years,  and  finally  spon- 
taneously exfoliate.  They  may,  however,  become  progressively  larger  and 
prove  troublesome  through  accidental  partial  dislocations  which  cause  pain- 
ful ulcers  and  may  lead  to  sloughing.  Some  remarkable  cases  have  been 
mentioned  by  Cruveilhier  and  Edmunds,  in  which  the  horns  growing  upon 
cicatrices  b§came  so  large  and  proved  so  offensive  as  to  necessitate  amputa- 
tion. 

Nail  horns  are  in  reality  enormous  hyperplasias  of  the  nails.  They  may 
affect  all  the  nails  of  the  fingers  or  toes,  though  they  commonly  involve 
only  the  nails  of  the  great  toes.  Those  which  have  come  under  my  notice 
have  all  been  in  elderly  persons.  The  great-toe  nails  may  be  as  large  as 
rams'  horns,  and  are  dark  in  color  and  irregular  on  the  surface. 

EPITHELIOMA. 

The  epithelioma  is  a  tumor  of  surface  epithelium,  resulting  from  a  loss  of 
the  normal  relationship  between  the  cells  and  the  subepithelial  tissue,  by 
which  the  former  descend  into  and  invade  the  latter. 

Two  forms  are  recognized,  differing  only  in  the, type  of  cells — squamous 
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epithelioma  and  cylindric  epithelioma.  Both  tumors  are  invasive,  destructive, 
and  upon  occasion  metastatic.  They  are  malignant  tumors  of  middle  and 
advanced  life. 

SQUAMOUS  EPITHELIOMA. 

This  form  of  epithelioma  occurs  upon  the  skin  and  upon  mucous  mem- 
branes covered  with  stratified  squamous  epithelium.  It  develops  only  from 
squamous  epithelium,  though  sometimes  one  of  its  essential  features  (kera- 
tosis) is  observed  in  epithelium  of  other  varieties  and  may  lead  a  careless 
observer  into  error. 

Seat  of  Occurrence. — The  tumor  occurs  upon  the  vaginal  portion  of 
the  cervix  uteri ;  upon  the  skin  of  the  face,  especially  about  the  lips,  nose, 
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Fig.   107. — Squamous  epithelioma:  a.  Epithelial  masses;    b,  epithelial  pearls;  c,  connective 
tissue  ;  d,  capillary  blood  vessels. 


and  eyelids ;  in  the  tongue,  penis,  labia,  vagina,  esophagus,  cardiac  end  of 
the  stomach,  larynx,  bladder,  and  anus. 

The  occurrence  of  the  tumor,  especially  upon  the  face,  is  often  preceded 
for  some  time  by  a  scaliness  and  malnutrition  of  the  skin,  sometimes  by  a 
warty  outgrowth.  Not  infrequently  the  tumor  forms  about  the  bases  of 
horns,  warts,  lupus-scars,  sebaceous  cysts,  and  other  unimportant  lesions,  and 
occasionally  forms  in  cracks  and  fissures,  though,  of  course,  it  is  not  impos- 
sible that  the  fissures  may  depend  upon  the  early  changes  caused  by  the 
epithelioma  itself  Not  infrequently  the  tumors  can  be  referred  to  definite 
mechanical  or  other  irritations,  and  it  will  be  noted  that  they  usually  occur 
in  parts  of  the  body  which,  because  of  their  position,  are  particularly  prone 
to  injury.  Thus,  the  lips  are  injured  in  many  ways,  and  the  disease  is  fre- 
quent in  smokers,  especially  when  they  use  clay  pipes.     The  cervix  uteri  is 
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particularly  prone  to  lacerations  in  consequence  of  the  stretching  to  which 
it  is  subjected  during  parturition,  and  the  frequent  insults  of  coition. 

Irritation  of  the  skin  by  soot,  paraffin,  and  tar  is  found  to  be  a  frequent 
cause  of  epithelioma,  especially  of  the  scrotum,  one  form  of  which  is  known 
as  "chimney-sweeps'  cancer." 

Epithelioma  usually  occurs  at  parts  of  the  body  where  epithelial  tissues  of 
different  types  meet  and  where  irregularities  of  development  can  easily 
occur — thus,  the  junction  of  skin  and  mucous  membrane  at  the  lips,  anterior 
nares,  and  conjunctival  margins ;  the  junction  of  the  skin  and  mucous  mem- 
brane of  the  rectum ;  and  the  junction  of  the  squamous  and  columnar  epi- 
thelia  of  the  uterus  at  the  cervix.  This  localization  of  the  epithelioma 
supports  Cohnheim's  theory  of  origin  from  cellular  inclusions  or  "tissue 
nests." 

Morbid  Anatomy. — Sutton  finds  it  convenient  to  divide  the  tumors 


Fig.  io8. — Epithelioma  of  skin  (Matas). 

into  three  chief  types:  i.  An  ulceration  with  thickened,  indurated  edges. 
2.  An  ulcer  with  undermined  edges  (rodent  ulcer).  3.  A  papillary,  warty 
growth,  beneath  which  the  invasion  of  the  tissues  occurs. 

All  three  types  are  found  to  be  identical  in  structure  when  examined  with 
the  microscope.  If  uncomplicated  by  secondary  changes,  it  is  probable 
that  every  epithelioma  would,  when  first  observed,  form  a  somewhat  warty, 
irregular,  indurated  papule,  and  in  the  papillary  form  of  the  tumor  this  typical 
form  persists.  Not  infrequently,  however,  the  growth  attains  only  a  small 
size  before  retrogressive  changes  appear.  Careful  scrutiny  of  almost  every 
epithelioma  shows  numerous  small  grayish  points  upon  the  surface,  which  are 
the  beginnings  of  necrotic  descending  cellular  columns.  If  pressure  be  made 
upon  the  growth,  these  softened  necrotic  cells  can  be  expressed  as  worm-like 
cylinders.  It  is  this  loss  of  tissue  by  necrosis,  together  with  the  effect  of 
accidental  infection,  that  determines  that  the  tumor  shall  ulcerate,  and  acci- 
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deatal  conditions  incident  upon  the  tissue  destruction  whether  the  resulting- 
excavation  shall  be  superficial  or  deep.  The  surface  of  an  ulcerated  epithe- 
lioma may  be  covered  with  a  brownish  scab  if  the  amount  of  discharged 
matter  is  small  and  can  dry  to  form  a  crust,  or  with  a  fetid  slough  if  the  dis- 
charge is  more  profuse.  When  once  the  growth  has  ulcerated,  it  becomes 
infected,  and  there  is  little  doubt  that  inflammatory  reactions,  such  as  hyper- 
emia, edema,  etc.,  by  softening  and  loosening  the  texture  of  the  surrounding 
tissues,  predispose  to  rapid  growth  of  the  tumor. 

Epitheliomata  are  never  encapsulated  ;  indeed,  it  is  rare  for  any  epithelial 
tumor  to  be  encapsulated.  It  is  difficult  for  one  to  realize  that  a  lesion 
whose  tendency  is  to  eat  away  tissue,  as  the  epithelioma  does,  is  really  a 
tumor,  though  the  microscopic  examination  shows  that,  in  spite  of  the  loss 
of  tissue,  a  progressive  though  abnormal  increase  of  epithelial  tissue  is  con- 
stantly going  on. 

A  section  through  an  epithelioma  shows  its  substance  to  be  quite  mixed. 
The  normal  subcutaneous  tissue  appears  yellowish  from  the  presence  of  fat. 


Papillary  epithelioma  of  a  white  catfish. 


In  it  are  what  appear  to  be  an  increased  number  of  fibrous  trabeculee,  and  in 
and  between  these  the  epithelial  cell  columns  and  nests  occur  as  pinkish  clus- 
ters.    The  invaded  tissue  is  dense  and  hard. 

Pathologic  Histology. — All  epitheliomata  are  histologically  similar. 
The  growth  consists  of  an  extensive  hyperplasia  of  the  epithelium,  which 
descends  in  trunks  and  branches  from  the  skin  above  to  ramify  in  all  direc- 
tions through  the  subcutaneous  or  subepithelial  tissues.  Serial  sections  of 
the  tumors  show  these  epithelial  masses  to  be  associated  and  united  by  inter- 
mediate cellular  bands,  so  that  the  structure  really  resembles  an  inverted 
cauliflower  or  coral  growing  into  the  deeper  tissues. 

The  cells  are  for  the  most  part  larger  than  normal,  contain  compara- 
tively small,  faintly  staining  nuclei,  frequently  show  numerous  "prickles" 
upon  their  surfaces,  and  commonly  contain  droplets  of  keratin.  In  skin 
tumors  there  are  numerous  "  nests"  or  crowded  groups  of  cells  in  which  the 
keratosis  characteristic  of  the  horny  epithelium  of  the  skin  takes  place  and 
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forms  the  same  "epithelial  pearls"  or  "pearly  bodies"  that  were  described 
as  occurring  in  the  similar  crowded  cells  of  the  papilloma. 

The  epithelial  pearls  are  yellowish  in  color  and  consist  of  concentrically 


tf.  BerZ-^i^j-^ec 


Fig.  no. — Squamous-cell  carcinoma  of  the  cervix ;  finger-like  processes  arising  from  a 
common  stem.  X  80  (CuUen).  Traversing  tlie  center  of  tlie  .spebimen  is  a  delicate  stem  of 
connective  tissue,  in  the  center  of  which  is  a  blood  vessel.  This  stem  gives  off  lateral 
"branches,  which-likewise  contain  blood  vessels.  The  main  stem  is  covered  in  some  places 
by  only  one  layer,  in  others  by  many  layers,  of  squamous  epithelium.  The  epithelial  cells 
next  to  the  stroma  tend  to  be  cuboidal.  The  epithelial  nuclei  throughout  are  fairly  uniform 
in  size.  Near  the  left  lower  corner  are  several  cross-sections  of  the  terminal  branches  or 
fingers.     These  present  a  typical  appearance. 


arranged  masses  of  cells.  Between  the  cells  is  an  ordinary  areolar  tissue,  upon 
which  the  descending  masses  of  cells  abut,  or  upon  which  they  may  stand  in 
orderly  fashion.  -  This  areolar  tissue  carries  the  blood  vessels  and  lymphatics 
which  formerly  nourished  the  skin,  but  now  nourish  the  tumor.     There  are 
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some  indications  of  infection  of  this  tissue,  as  a  rule,  and  it  may  be  infiltrated 
with  leukocytes.  Local  areas  of  infection  may  occur  at  points  remote  from 
the  tumor  itself,  by  bacteria  conveyed  through  the  lymphatics.  It  is  partly 
from  the  presence  of  the  bacteria,  though  chiefly  because  of  malnutrition, 
that  the  necrotic  conditions  arise. 

Growth  and  Tendencies.  —  The  squamous  epithelioma  shows  the 
greatest  variation  in  the  rapidity  with  which  it  grows  and  the  time  at  which 
metastasis  occurs.  Latent  forms  having  lasted  for  years  are  frequently  seen 
upon  the  faces  of  old  people.  I  was  once  consulted  by  a  man,  aged  eighty- 
eight  years,  in  regard  to  a  latent  epithelioma  beneath  the  left  eye  that  had 
attained  the  size  of  a  silver  dollar.  It  was  covered  with  a  brown  crust,  its 
borders  were  not  infiltrated,  there  was  no  trace  of  inflammation,  and  I  learned 
that  the  tumor  had  existed  for  thirty  years  without  further  discomfort  than 
arose  from  its  unsightliness. 

Such  slow-growing  epitheliomata  occur  chiefly  about  the  nose,  ear,  and 
eyelids,  and  are  sometimes  spoken  of  as  epithelioma  exedens,  cancroid,  and 
Jacob' s  ulcers. 

Another  form  of  rodent  ulcer  begins  as  a  small  papule  whose  growth, 
though  slow,  is  steadily  progressive  and  destructive,  resulting  in  extensive 
loss  of  tissue  and  hideous  deformity. 

As  experience  has  shown  that  interference  with  such  tumors  arouses  them 
to  more  active  growth,  they  were  called  by  the  older  surgeons  "  noli  me  tan- 
gere. ' '  In  marked  contrast  to  these  are  the  common  epitheliomata  seen  daily 
in  large  clinics.  Such  tumors,  occurring  upon  the  lip,  penis,  or  cervix  uteri, 
grow  progressively  and  call  for  surgical  interference  in  the  course  of  six 
months  or  so.  After  removal  they  frequently  return,  and  after  a  year  or  two 
metastasis  to  the  lymphatic  nodes  is  observed.  The  glands  enlarge,  soften, 
and  ultimately  open,  leaving  necrotic  material  to  escape  externally  from  a 
gaping  wound,  or  internally  into  the  peritoneal  or  some  other  cavity.  Death 
results,  after  a  year  or  two,  from  hemorrhage  from  the  erosion  of  blood 
vessels,  pressure  upon  vital  parts,  or  infection.  Still  more  marked  is  the 
contrast  with  minute  and  often  entirely  unobserved  tumors  of  the  pharynx 
and  tongue,  which  cause  metastasis  with  enormous  secondary  growths  in  the 
lymph  nodes,  while  they  themselves  still  remain  unobserved^ 

The  termination  of  epithelioma,  therefore,  varies  in  different  situations. 
In  the  larynx  it  may  lead  to  death  from  pneumonia,  caused  by  the  inhalation 
of  the  infectious  matter.  In  the  esophagus  it  may  lead  to  perforation  of  a 
bronchus  and  death  from  pulmonary  gangrene.  In  the  uterus  it  may  cause 
slow  death  after  invading  all  the  pelvic  organs,  obstructing  their  outlets, 
and  occasioning  great  suffering.  In  the  tongue  it  may  rapidly  invade  the 
lymphatic  glands  of  the  neck  and  cause  death  from  suffocation. 

Thorough  eradication  of  the  tumor  while  still  small  and  before  metastasis 
has  occurred  may  effect  a  perfect  cure. 

The  metastasis  of  epithelioma  is  chiefly  l}Tnphatic,  and  is  easily  under- 
stood when  one  remembers  that  the  cells  descending  into  the  subcutaneous 
and  submucous  tissues  and  scattering  through  them  really  occupy  the  lym- 
phatic spaces  of  the  tissue.  When  the  cells  of  the  tumor  gain  entrance  to 
the  veins,  hematogenous  metastasis  to  the  lungs  may  occur. 

CYLINDRIC  EPITHELIOMA. 

This  form  of  epithelioma  results  from  the  invasion  of  the  tissues  by  col- 
umnar epithelium  from  the  mucous  membranes.  As  it  also  appears  to  de- 
velop from  the  glandular  tubules  so  widely  disseminated  throughout  the 
membranes,  the  cylindric  epithelioma  is  simply  one  form  of  adenocarcinoma 
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(^.  V.')  and  needs  no  separate  description.  It  occurs  in  the  pylorus  of  the 
stomach,  in  the  cecum,  sigmoid  flexure,  and  rectum.  It  has  sometimes  been 
described  as  a  malignant  or  destructive  adenoma. 

The  cylindric  epithelioma  i<?  less  marked  in  its  metastasis  than  the  squa- 


FlG.  III. — Cylindric  epithelioma  of  the  uterus.    The  section  was  taken  from  a  fragment  of 
the  fundus  of  the  uterus.     Zeiss,  Ob.  c ;  oc.  2. 

mous  form,  and  the  uterine  tumors  in  particular  are  very  slow  to  give  metas- 
tasis. 

The  secondary  tumors  are  characterized  by  the  presence  of  columnar  cells 
whose  histogenesis  can  sometimes  be  determined  by  careful  study. 


CANCER  OR  CARCINOMA. 

Cancer  or  carcinoma  is  a  malignant  tumor  resulting  from  a  progressive 
infiltrative  hyperplasia  of  epithelium.  Such  an  infiltrative  hyperplasia  of 
epithelium  is  necessarily  accompanied  by  loss  of  that  relationship  of  epithe- 
lial cells  to  the  membrana  propria  apparent  in  all  typical  epithelial  organs 
and  by  a  heterogeneous  invasion  of  the  tissue  interstices  by  the  growing 
cells.  A  few  writers  still  speak  of  epithelial  and  connective-tissue  cancers, 
the  former  being  the  true  cancer,  the  latter,  the  sarcoma. 

The  true  cancer  develops  solely  from  epithelium,  and  can  be  primary  only 
in  tissues  and  organs  containing  epithelial  cells.  It  is,  therefore,  essentially 
a  tumor  of  epiblastic  and  hypoblastic  derivatives,  though  the  occurrence  of 
such  growths  in  the  mesoblastic  epithelium  of  the  genito-urinary  apparatus 
somewhat  lessens  the  embryologic  limitations  that  can  be  placed  upon 
them.  The  puzzling  occurrence  of  carcinomata  in  mesoblastic  tissues  is  to  be 
accounted  for  in  part  by  assuming  that  they  are  secondary  and  metastatic, 
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and  in  part  by  supposing  that  they  are  endotheliomata  mistaken  for  carci- 
nomata,  the  resemblance  of  these  two  tumors  being  so  great  at  times  as  to 
make  their  differentiation  possible  only  after  careful  study. 

Seat  of  Occurrence. — According  to  the  form  of  epithelium  from  which 
they  originate,  the  cancers  may  be  divided  into  epithelioma,  which  grows 
from  the  iiattened  surface  epithelium ;  and  adenocarcinoma,  which  develops 
from  the  epithelium  of  glands.  The  cylindric  epithelioma  develops  chiefly 
from  the  tubular  glands  with  columnar  epithelial  cells,  and  is  a  form  of  adeno- 
carcinoma. The  epithelioma,  which  has  already  been  described,  develops 
from  the  skin  and  from  the  mucous  membranes  of  the  mouth,  larynx,  esoph- 
agus, cervix  uteri,  vagina,  bladder,  and  anus. 

The  adenocarcinoma  may  arise  as  a  primary  tumor  in  the  mammary  gland, 
in  the  cervix  and  corpus  uteri,  pylorus,  skin,  sigmoid  flexure,  colon,  esopha- 
gus, ovary,  testicle,  penis,  labia,  pancreas,  larynx,  thyroid  gland,  liver,  kid- 
neys, bladder,  prostate,  sebaceous  and  sweat  glands,  bronchial  glands,  and 
other  epithelial  tissues. 

As  secondary  growths,  cancers  of  all  kinds  usually  appear  in  the  lym- 
phatic glands,  next  most  frequently  in  the  liver,  then  in  the  lung.  They  also 
occur  in  the  spleen,  brain,  spinal  cord,  bones,  cartilage,  and  serous  mem- 
branes. 

Pathologic  Anatomy. — Morphology. — Scarcely  any  neoplasm  is  as 
variable  in  morphology  as  is  the  carcinoma.  In  some  cases  it  forms  a  distinct 
tumor,  which  grows  with  varying  rapidity  and  attains  considerable  size ;  thus 
mammary  carcinoma  may  attain  the  size  of  a  man's  head.  In  other  cases 
the  growth  of  the  epithelial  cells  is  accompanied  by  such  a  series  of  local 
disturbances  in  the  way  of  fibrosis,  degeneration,  necrosis,  ulceration,  and 
cicatrization  that  though  it  may  persist  for  years,  no  enlargement  results,  and 
the  general  appearance  is  that  of  a  chronic  ulceration  or  cicatrization  rather 
than  that  of  a  tumor. 

Some  carcinomata  form  nodes  of  irregular,  rounded,  and  nodular  shape, 
rarely  circumscribed,  but  usually  characterized  by  irregular  fibrous  extensions, 
which  proceed  in  various  directions  and  appear  to  distort  the  organ  by  trac- 
tion and  pressure. 

Other  tumors  have  no  nodular  form,  and  resemble  irregular  cicatrices  in 
the  organ,  drawing  it  together  and  greatly  disturbing  its  size  and  form  as  well 
as  causing  atrophy  of  its  substance. 

Still  other  tumors,  among  which  are  mammary,  gastric,  and  dermal  can- 
cers, especially  when  superficially  situated,  are  characterized  by  loss  of  tissue 
through  ulceration,  and  present  the  appearance  of  excavated  ulcers  with 
indurated  edges  and  elevated  borders.  From  the  ulcerations  exuberant 
granulations  may  grow,  later  becoming  infiltrated  with  the  carcinoma  cells, 
developing  into  large  fungous  hematodes,  which  project  as  red,  granular, 
bleeding,  or  suppurating  tissue  masses. 

It  is  thus  evident  that  there  is  very  little  uniformity  in  the  appearance  of 
carcinoma,  and  its  multiplicity  of  forms  would  sometimes  make  its  recogni- 
tion difficult  were  not  certain  tissues  more  predisposed  to  it  than  to  other 
forms  of  neoplasm. 

The  texture  of  a  carcinoma  varies  with  its  structure ;  some  consist  of  soft, 
encephaloid,  cellular  tissues ;  others  largely  of  dense  cicatricial  connective 
tissue. 

Structure. — When  a  carcinoma  is  divided  and  the  cut  surfaces  are  exam- 
ined, a  variegated  appearance  is  presented  in  most  cases,  the  pinkish  cellular 
tissue  of  the  carcinoma,  whitish  stroma,  and  intermediate  fatty  tissue,  or  tissue 
of  the  organ  affected,  contrasting  distinctly.  When  the  tumor  is  pressed  and 
scraped,  it  yields  "cancer  juice"  or  "sue  cancereuse,"  a  milky  fluid  which. 
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under  the  microscope,  is  found  to  consist  of  a  serous  fluid  containing  large 
numbers  of  epithelial  cells. 

Cysts  not  infrequently  occur  in  carcinoma,  being  formed  either  by  local 
softening  of  the  tumor  tissu.e  or  by  obstruction  of  the  glandular  ducts,  etc. 

The  cut  surface  usually  shows  the  tumor  to  be  entirely  uncircumscribed, 
devoid  of  the  least  semblance  of  a  capsule,  and  made  up  of  nodular  masses  with 
invading  prolongations  ramifying  in  all  directions.  If  the  growth  be  super- 
ficial, it  is  commonly  umbilicated  or  depressed  in  the  center,  this  being  espe- 
cially well  shown  in  the  secondary  carcinoma  nodules  of  the  liver.  Mammary 
carcinomata  usually  show  a  marked  depression  and  retraction  of  the  nipple. 


Fig.  112. — Changes  in  the  epithelium  along  the  margin  of  a  squamous-cell  carcinoma  of  the 
cervix.  X  S6  (Cullen).  Just  to  the  right  of  this  section  (at  a)  the  epithelium  has  invaded  the 
cervical  tissue  in  all  directions,  giving  the  typical  picture  of  squamous-cell  carcinoma.  In  this 
drawing  it  is  noted  that  the  surface  of  the  mucosa  is  comparatively  even,  there  being  no  out- 
growths. The  stroma  has  been  invaded  to  a  considerable  depth  by  the  epithelium.  The 
epithelial  cells,  however,  are  uniform  in  size,  present  the  usual  appearance,  and  even  in  the 
deep  or  cuboidal  layer  are  still  sharply  defined.  The  lengthening  of  the  papillae  is  due  to  the 
downgrowth  of  the  epithelium,  as  they  do  not  project  from  the  surface.  The  clear  spaces 
indicated  by  i  represent  delicate  blood  capillaries.  The  underlying  stroma  is  normal,  showing 
no  signs  of  infiltration.  Although  the  picture  might  at  first  sight  be  suggestive,  there  is  no 
evidence  of  a  malignant  growth  in  this  section. 

Pathologic  Histology.- — -The  structure  of  all  carcinomata  is  essentially 
the  same,  though  the  conditions  of  development  and  secondary  degenerations 
modify  their  general  appearances.     The  tumor  consists  of  stroma  and  cells. 

The  stroma  or  matrix  of  the  tumor  is  composed  of  a  well-vascularized 
fibrous  tissue,  containing  a  considerable  number  of  elastic  fibers.  The 
stroma,  no  doubt,  consists  in  large  part  of  pre-existent  connective  tissue, 
though  in  scirrhous  tumors  much  additional  tissue  must  be  formed.  It  can 
safely  be  said  that  the  development  of  the  stroma  is  as  much  a  part  of  the 
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growth  of  the  carcinoma  as  is  the  proliferation  of  its  cells,  for  no  matter 
where  we  find  the  growth,  we  find  the  stroma  in  about  the  same  relative  pro- 
portion for  the  particular  tumor  under  study.  When  carcinoma  takes  on  a 
secondary  metastatic  growth  in  the  lymphatic  nodes,  which  contain  so  little 
connective  tissue,  the  growth  of  the  cells  of  the  lymphatic  embolus  is  imme- 
diately accompanied  by  the  formation  .of  a  new  fibro-elastic  stroma. 

The  proportion  of  stroma  to  cells  varies  remarkably  in  different  cases,  no 
adequate  explanation  for  the  difference  having  yet  been  discovered.  Those 
tumors  in  which  there  is  little  stroma  in  proportion  to  the  number  of  cells 
are  known  as  encephaloid  ox  "soft  cancer"  ;  those  in  which  there  are  much 
connective  tissue  and  few  cells  are  called  scirrhus,  or  "  hard  cancer." 

The  stroma  can  be  freed  of  its  contained  cells  by  spreading  out  a  freshly 


Fig.  113. — Scirrhus  carcinoma  of  the  mammary  gland.  The  section  passes  through  a  rela- 
tively cellular  part  of  the  tumor  and  shows  the  bizarre  arrangement  of  the  cell-nests  among 
the  radiating  and  reticulated  connective-tissue  framework.     Oc.  4 ;  ob.  3. 

cut  section  and  brushing  it  with  a  camel's-hair  pencil,  or  by  placing  it  in  a 
test-tube  with  water  and  shaking. 

The  carcinoma  stroma  is  always  rich  in  lymphatics,  or  in  spaces  com- 
municating with  the  lymphatics,  and,  indeed,  it  might  safely  be  said  that  all 
the  alveolar  spaces  of  the  tumor  belong  to  its  lymphatic  system. 

Nerves  are  also  present,  though  in  small  numbers,  and  can  be  found  with 
difficulty.  Their  presence,  no  doubt,  accounts  for  the  great  pain  with  which 
the  development  of  the  tumor  is  sometimes  attended. 

The  cancer  cells  are  the  progeny  of  the  epithelial  cells  of  the  organ 
affected,  which  are  stimulated  to  unusual  proliferative  activity  by  the  as 
yet  unknown  cause  of  the  tumor,  multiply  rapidly  and  escape  from  their 
normal  environment  into  the  lymphatic  spaces  and  channels — /.  e. ,  the  tissue 
interstices — ^where  they  grow  without  restriction.      The  nearer  they  are  to 
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their  parent  cells,  the  more  closely  they  resemble  them ;  the  more  remote 
they  become,  the  more  nearly  they  revert  to  the  primitive,  spherical,  undiffer- 
entiated embryonal  cells.  There  is  considerable  variation  in  this  particular 
in  different  tumors.  Thus,  the  cylindric  or  columnar  cells  may  retain  their 
shape  regardless  of  the  growth  and  extension  of  the  tumor,  and  change  so 
little  that  even  in  the  secondary  metastatic  tumors  their  histogenesis  may  be 
apparent.  Primitive  tendencies  of  the  cells  may  be  retained  by  their  pro- 
geny and  manifest  themselves  wherever  they  appear,  so  that  cells  of  uterine 
and  gastric  carcinomata  with  a  tendency  to  undergo  colloid  metamorphosis 
may  form  colloid  masses  in  the  lung,  liver,  or  any  other  viscus  to  which  they 
happen  to  be  transported.  These  characteristics  are  so  constant  that  in  most 
cases  a  microscopic  examination  of  a  secondary  nodule  in  the  liver  may  at 
once  inform  us  whether  the  cells  were  derived  from  the  pancreas  or  stomach, 
and  the  examination  of  a  nodule  in  the  lung  may  show  keratin  formations 


Fig.  114. — Colloid  carcinoma  (Weichselbaum) :  a.  Epithelial  cell-nests  in  which  cells  are 
still  visible  ;  b,  connective-tissue  trabeculse  undergoing  mucous  metamorphosis ;  c^  c^  drops  of 
colloid  formed  by  metamorphosis  of  epithelial  cells ;  d,  granular  debris  of  destroyed  cells. 


with  epithelial  pearls  if  the  cells  come  from  the  skin,  cylindric  cells  and 
alveolous  formations  if  from  the  alimentary  apparatus,  or  masses  of  spherical 
cells  if  primary  in  the  mamma. 

The  cells  of  carcinoma  vary  in  size  according  to  their  histogenesis.  For 
the  most  part  they  show  the  usual  characteristics  of  epithelium,  having  a 
considerable  relative  quantity  of  cytoplasm  and  distinctly  vesicular,  usually 
ovoid,  nuclei,  which  stain  palely.  Being  aggregated  in  "  nests  "  or  clusters, 
the  cells  rarely  have  an  opportunity  to  show  a  perfect  form,  but  are  flattened 
by  mutual  pressure  and  become  polyhedral.  When  the  cells  are  actively 
proliferating,  mitotic  figures  are  numerous.  The  mitoses,  while  no  doubt 
usually  progressing  normally,  frequently  show  irregularities,  with  the  occur- 
rence of  large,  deformed,  and  often  giant  nuclei.  Giant  cells  of  immense 
size,  with  one  or  more  large  nuclei,  are  sometimes  observed  and  are  called 
physalides. 

The  cells  seem  to  yield  to  pressure,  and  one  cell  frequently  sinks  deeply 
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into  its  neighbor.  It  even  appears  as  if  one  cell  might  be  taken  entirely 
into  the  substance  of  another,  a  condition  which  the  older  writers  looked 
upon  as  an  exhibition  of  endogenous  cell  formation,  but  which  has  recently 
been  regarded  as  an  evidence  of  phagocytic  activity  of  the  cells.  Leukocytes 
are  also  commonly  contained  within  the  cancer  cells  and  are  believed  to 
have  been  swallowed  by  them.  Other  interesting  and  peculiar  cellular 
inclosures  are  observed,  many  of  which  may  be  undescribed  forms  of  cellular 
degeneration  or  cellular  activity  ;  others  possibly  are  parasites. 

There  is  no  recognizable  intercellular  substance,  and  the  cells  do  not 
cohere,  but  can  readily  be  penciled  from  the  stroma  in  which  the  nests  are 
contained.  The  looseness  of  the  carcinoma  cells  in  their  matrix  is  one  of 
the  chief  differential  features  between  epithelial  and  endothelial  growths. 
In  endothelioma  the  tendency  is  for  the  cell  clusters  to  hang  well  together 
and  to  cling  to  the  surrounding  connective  tissue. 

The  degenerations  of  the  cancer  cells  are  identical  with  those  of  their 
antecedents.  As  has  been  already  shown,  the  squamous  cells  show  their  usual 
tendency  to  cornify,  the  change  being  best  seen  in  the  epithelial  pearls. 
Calcareous  infiltration  sometimes  occurs  in  the  epithelial  pearls.  The  col- 
umnar cells  originating  from  the  mucous  membranes  and  glands  undergo 
colloid  (colloid  cancer)  and  mucoid  (carcinoma  gelatinosa)  metamorphosis. 
The  cells  of  mammary  cancers  sometimes  undergo  fatty  metamorphosis,  pre- 
sumably from  the  pressure  of  the  stroma,  though  it  may  be  the  sign  that  the 
cells  of  the  gland  normally  provide  fat  globules  for  the  milk  by  degeneration. 
In  the  cancerous  hypernephromata  the  adrenal  cells  show  both  fatty  and 
glycogenic  infiltrations.  Calcification  and  myxomatous  degeneration  are 
frequent  in  the  stroma  of  carcinoma.  Melanocarcinoma  is  a  form  character- 
ized by  pigmentation  of  the  cells.  It  usually  develops  upon  the  skin.  It 
closely  resembles  melanotic  sarcoma,  but  can  be  differentiated  from  it  in 
most  cases  by  its  early  metastasis  to  the  lymphatic  glands. 

The  cells  of  carcinoma  may  be  damaged  by  toxic  processes  common  to 
the  whole  body,  and  cloudy  swelling  and  other  toxic  changes  may  be  observed 
under  appropriate  conditions. 

Serous  infiltration  of  the  carcinoma  cells  is  not  uncommon  and  causes  an 
enormous  increase  in  size  and  vacuolation.  It  may  be  because  of  such  retro- 
gressive changes  that  the  "  physalides  "  occur. 

Inflammation  in  carcinoma  occurs  precisely  as  in  normal  tissue,  and  the 
occurrence  of  secondary  inflammations  in  consequence  of  superficial  ulcera- 
tion with  infection  is  frequent.  Necrosis  of  carcinoma  tissue  is  frequent  in 
consequence  of  malnutrition,  infection,  etc. 

The  architecture  of  carcinoma  is  extremely  simple,  all  tumors  of  this 
genus  following  the  same  general  type,  the  cells  occurring  in  irregular  nests 
or  alveoli  in  the  stroma,  in  the  loose  manner  described.  Serial  sections  of 
carcinoma  nodules  reconstructed  on  a  large  scale  by  the  paraffin  method  show 
that  all  the  cell  nests  connect  with  one  another  by  intermediate  cellular  ex- 
tensions or  bridges,  so  that  the  entire  nodule,  and  probably  the  entire  tumor, 
consists  of  a  single  ramifying,  branched,  coral-like,  or  cauliflower-like  mass 
of  epithelium,  inclosed  on  all  sides  by  the  stroma. 

One  can  conceive  of  the  growth,  therefore,  as  resembling  the  roots  of 
a  plant  and  extending  in  all  directions,  growing  cell  by  cell  in  the  direction 
of  least  resistance,  each  cell  added  paving  the  way  for  the  addition  of  others 
by  increasing  the  size  of  the  interstices  of  the  stroma. 

The  growth  of  the  tumors  seems  to  take  place  from  the  alveolar  structure  of 
the  affected  glands,  probably  from  several  different  foci,  though  this  can  no 
longer  be  determined  after  the  tumor  has  developed.  Study  of  the  appar- 
ently healthy  parts  of  carcinomatous  mammary  glands  has  shown  that  every 
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carcinomatous  gland  is  a  diseased  gland  throughout,  all  parts  manifesting 
catarrhal  or  other  morbid  conditions. 

In  the  atrophic  mammary  glands  of  old  women  the  development  of  the 
carcinoma  from  the  alveolar  tissue  becomes  almost  impossible  because  of  the 
disappearance  of  the  acini  and  their  cells,  so  that  such  cancers  develop  chiefly 
from  the  ducts  in  which  the  epithelial  cells  proliferate,  forming  great  masses 
which  fill  and  distend  them  before  they  finally  escape  into  the  interstices 
of  the  gland.  Cancers  having  this  origin  are  usually  sufficiently  character- 
istic to  be  readily  recognized,  and  have  been  called,  especially  by  English 
writers,  "  duct  carcinomaV 

Disposition  and  Clinical  Features. — Cancers  are  almost  invariably 
highly  malignant  tumors.  The  persistent  invasion  of  the  organ  by  the  col- 
umns of  growing  cells  and  the  development  of  the  fibroconnective-tissue 


°*#M^^ 


ft«,^X^^ 


Fig.  115. — Carcinoma  of  lymphatic  node,  illustrating  the  cause  of  metastasis.  On  the  right 
and  left  are  portions  of  glandular  substance  with  interstitial  fibrous  change.  Through  the 
center,  from  top  to  bottom  of  the  illustration,  there  is  a  widely  dilated  lymph  vessel  filled  with 
cells ;  a,a,iz,  Carcinoma  cells  freely  circulating  in  the  lymph  ;  d,  b,  leukocytes ;  c,  lymphocytes. 
Oc.  2  ;  ob.  9. 

Stroma  are  accompanied  by  progressive  atrophy  of  the  proper  substance  of 
the  organ,  so  that,  little  by  little,  it  becomes  transformed  into  the  neo- 
plasm. The  extension  of  the  loosely  attached  and  actively  vegetative  cells 
into  the  primitive,  and  perhaps  in  many  cases  into  the  large  lymphatic,  chan- 
nels predisposes  to  an  early  transportation  of  the  tumor  cells  to  the  related 
lymphatic  nodes,  where  secondary  tumors  are  formed.  It  is  surprising  how 
early  this  metastatic  distribution  occurs,  in  some  cases  taking  place  as  soon 
as  a  noticeable  growth  is  formed  or  prior  to  its  detection.  It  sometimes 
happens  that  a  primary  growth,  so  insignificant  that  its  presence  has  not 
yet  been  detected,  may  so  invade  the  related  lymphatic  nodes  that  the 
secondary  tumors  become  of  paramount  importance.  This  early  invasion  of 
the  lymphatics  and  tendency  to  metastasis  are  very  important  matters  from 
a  prognostic  point  of  view,  upon  which  the  surgeon  cannot  lay  too  much 
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Stress,  for  to  remove  a  cancer  from  a  mammary  gland  always  means  rapid 
recurrence  of  the  growth  from  uneradicated  cellular  prolongations,  and 
removal  of  the  entire  breast  may  be  succeeded  by  an  equally  prompt  return 
of  the  tumor  in  neighboring  already  infected  lymphatic  nodes.  It  is  upon 
this  active  metastatic  tendency  and  our  inability  to  gauge  it  that  complete 
extirpation  of  the  diseased  organ,  the  subjacent  muscles,  the  suprajacent  skin 
and  subcutaneous  tissue,  as  well  as  the  entire  system  of  lymphatics, — axillary 
and  supra-  and  infraclavicular, — has  been  so  successfully  practised. 

The  metastasis  of  carcinoma  takes  place  through  the  lymphatics  first,  but 
sometimes  later  through  the  blood.  Blood  metastasis  is  seen  particularly  in 
abdominal  tumors,  and  especially  in  those  of  the  digestive  organs,  which  early 
seem  to  distribute  through  the  portal  circulation,  so  that  metastatic  cancer  of 
the  liver  takes  place  early.  In  mammary  cancer  as  well  as  in  other  superficial 
forms  of  the  disease  the  conditions  seem  more  favorable  to  lymphatic  exten- 
sion, and  the  lymph  nodes  are  invaded  one  after  another,  a  long  time  elapsing 
before  hematogenic  metastases  appear.  It  seems  as  if  the  cancer  emboli 
reached  the  streaming  blood  in  these  cases  by  way  of  the  lymphatics,  though 
it  is  always  possible  that  the  veins  are  in  some  way  involved  and  direct  com- 
munications set  up.  The  communications  between  the  veins  and  lymphatics 
of  the  abdomen  also  predispose  to  the  entrance  of  cancer  emboli  into  the 
circulation.  The  secondary  nodes  thus  originated  usually  occur  in  the  lungs, 
showing  that  they  reach  the  venous  blood  first,  and  that  it  is  in  the  pul- 
monary capillaries  in  which  the  cellular  emboli  are  retained.  Occasion- 
ally a  broad  generalization  of  the  tumor  occurs,  possibly  by  the  passage  of 
the  cells  through  the  pulmonary  filter  and  their  entrance  into  the  general 
systemic  circulation.  The  occurrence  of  secondary  nodes  is  then  possible  in 
all  parts  of  the  body,  and  they  may  be  found  in  the  lungs,  liver,  spleen,  kid- 
neys, brain,  spinal  cord,  bones,  serous  membranes,  muscles,  and  other  tissues. 

Recurrent  carcinoma,  or  carcinoma  reappearing  after  excision,  is 
identical  with  the  primary  tumor,  except  that  the  cicatricial  tissue  resulting 
from  the  operation  modifies  the  conditions  of  growth  by  substituting  ex- 
tremely dense  for  the  normal  loose  tissues.  The  recurring  tumor,  therefore, 
usually  avoids  the  cicatricial  tissue  or  makes  but  little  inroads  into  it  unless 
the  return  is  immediate  and  makes  good  headway  before  the  cicatrix  has  con- 
tracted. 

Upon  the  surface  of  ulcerations,  such  as  occur  over  cancers,  as  well  as 
in  operation  wounds  made  for  their  removal,  the  granulation  tissue  fre- 
quently becomes  invaded  by  the  proliferating  cancer  cells,  which  find 
favorable  conditions  for  growth  in  the  loose,  well-nourished  granulation 
tissue.  This  associated  growth  of  the  carcinoma  and  granulation  tissue 
leads  to  the  formation  of  fungous  masses  {fungus  hematodes),  which  are  red, 
bleeding,  sloughing  formations,  covered  with  a  foul  secretion  and  subject  to 
superficial  necrosis  with  frequent  severe  hemorrhages.  Sometimes  after 
operation  the  skin  becomes  rapidly  invaded  by  the  cancer  and  extensive 
areas  become  thickened,  nodular,  darkened,  and  edematous.  Such  super- 
ficial invasions  from  a  mammary  cancer  may  extend  over  a  large  part  of  the 
chest  and  arm,  and  have  been  described  by  French  authors  as  "  cancer  en 
cuirass. ' ' 

The  superficial  ulceration  sometimes  gives  place  to  deep  excavations 
in  the  tissues,  from  which  herhorrhages  may  take  place  from  rupture  of 
thinned  vessels,  though  thrombosis  usually  closes  the  vessels  as  the  cancer- 
ous process  invades  them.  Examination  of  the  portal  system  in  abdominal 
cancers  will  frequently  reveal  a  thrombus  in  one  of  the  venous  trunks^  some- 
times with  its  invading  cancer  cells,  which  have  entered  a  disorganized  vein 
near  the  focus  of  active  disease. 
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In  addition  to  their  local  manifestations  many  cases  of  cancer  are  asso- 
ciated with  cachexia  or  nutritional  .depravity,  the  nature  of  which  is  not 
yet  understood.  How  a  local  disease,  or  in  metastatic  cancer  a  series  of 
local  disorders,  can  produce  cachexia  has  not  yet  been  determined,  but  in  all 
cases  in  which  cancer  persists  for  a  long  time  the  patient  falls  into  pro- 
found anemia,  with  a  yellowish  or  greenish- yellow  tinge  of  the  skin,  gen- 
eral wasting  and  asthenia,  and  sometimes  slow  death  from  general  weak- 
ness. It  has  been  thought  that  this  is  the  result  of  the  apprehension  and  pain 
suffered  by  the  patient,  and  in  some  cases  it  has  been  referred  to  loss  of  blood, 
but  it  occurs  in  cases  of  concealed  cancer  without  the  presence  of  either  of 
these  conditions  to  explain  it. 

It  is  held  by  some  that  cachexia  results  from  metabolic  disturbances  result- 
ing either  from  the  loss  of  some  internal  secretion  no  longer  furnished  by  the 
disorganized  gland  or  from  the  pressure  of  an  excessive  quantity  of  some 
ferment  or  other  product  of  the  numerous  and  active  epithelial  cells. 

Pathology  of  Cancer. — The  exciting  cause  of  carcinoma  being  un- 
known, it  is  difficult  to  explain  all  its  peculiarities.  Its  occurrence  is  fre- 
quently preceded  by  mild  and  comparatively  unimportant  lesions.  Thus, 
the  skin  cancers  seen  in  chimney-sweepers  and  in  tar  and  paraffin  workers 
are  commonly  preceded  by  a  peculiar  form  of  chronic  eczema,  caused  by  the 
irritation  of  the  substances  with  which  they  come  in  contact  in  their  work. 
The  cancer  of  the  tongue  of  smokers  is  also  preceded  by  whitish  patches 
(Jeukoplakia  lingualis  or  buccalis)  occurring  about  fissures  and  ulcerations  of 
the  mouth. 

Skin  cancers  also  occur  from  changes  about  the  bases  of  warts,  horns, 
irritated  sebaceous  cysts,  and  other  pathologic  conditions  of  the  skin.  Can- 
cers of  the  deeper  organs  sometimes  arise  from  the  borders  of  ulcers.  This 
seems  to  be  especially  true  of  the  stomach,  where  pyloric  ulcers  are  supposed 
to  be  sufficiently  irritated  by  the  passing  food  to  be  stimulated  to  carcinoma 
growth.  It  is,  of  course,  not  impossible  that  ulcerations  of  this  form,  though 
appearing  to  be  simple  ulcers,  are  really  carcinomatous  ulcers  from  the  very 
beginning.  In  the  cervix  of  the  uterus  the  growth  of  carcinoma  is  apt  to  begin 
about  lacerations  resulting  from  previous  childbirth,  where  an  abnormal  de- 
velopment of  epithelium  occurs  in  the  attempt  to  cover  the  gaping  fissure. 

Carcinoma  development  seems  to  be  a  peculiarity  of  the  individual  in 
most  cases ;  a  peculiarity  of  the  species  in  all  cases.  There  are  many  cases 
in  which  one  patient  will  have  many  cancers — ^all  primary  and  independent 
growths — in  different  parts  of  the  body.  Both  breasts,  the  stomach,  and  the 
uterus,  for  example,  may  be  simultaneously  and  independently  affected. 

A  cancer  in  one  part  of  the  body  is  not  only  capable  of  dissemination  by 
the  natural  metastatic  channels,  but  can  be  implanted  in  other  parts  of  the 
body  of  the  same  individual.  Thus,  ulcerated  cancers  of  the  mammary  gland 
sometimes  cause  ulceration  of  the  arm  of  the  same  side  which  comes  in  con- 
tact with  it,  and  into  these  ulcerations,  through  repeated  contact,  the  cancer 
cells  become  implanted  and  grow.  From  carcinomata  small  pieces  have 
been  excised  and  implanted  into  remote  parts  of  the  subcutaneous  tissue  of 
the  same  individual,  with  the  result  that  they  have  grown  and  produced 
implantation  tumors.  All  experiments  in  which  carcinoma  fragments  from 
one  person  have  been  implanted  into  other  normal  individuals  have,  however, 
failed.  Further,  every  attempt  thus  far  made  to  implant  a  human  carcinoma 
into  one  of  the  lower  animals  has  failed. 

Cancers  (squamous  epitheliomata)  occurring  in  white  rats  have,  however, 
been  successfully  implanted  into  other  white  rats  by  Hanau,  and  a  peculiar 
sarcoma  of  white  rats  has  been  successfully  implanted  generation  after  gen- 
eration into  other  rats  by  Loeb. 
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These  peculiarities  of  the  tumor  indicate  that  it  is  an  abnormality  of  the 
individual,  or  in  the  case  of  rats  of  the  species,  that  permits  the  carcinoma 
cells  to  invade  the  tissues. 

As  carcinoma  is  shown  to  be  non-inoculable,  it  seems  to  follow  that 
it  is  non-contagious,  and  a  study  of  the  literature  will  satisfy  one  that  the 
evidences  of  contagion  are  extremely  slight.  Though  cancer  of  the  cervix 
uteri  is  very  common  among  married  women,  cancer  of  the  glans  penis 
among  their  husbands  is  very  rare,  only  about  a  dozen  cases  of  apparent 
transmission  of  this  kind  being  on  record. 

Etiology  of  Carcinoma. — The  etiology  of  carcinoma  is  very  obscure. 

1.  Predisposing  Causes. — i.  Heredity. — There  is  little  doubt  but  that 
heredity  plays  an  important  part  in  the  etiology  of  carcinoma.  It  is  largely 
a  family  disease,  and  while  spontaneous  cases  may  occur  at  any  time,  a  care- 
ful questioning  will  in  most  cases  elicit  the  fact  that  near  relatives  of  the 
patient  have  suffered  from  the  disease. 

2.  Age  has  a  pronounced  influence  in  its  occurrence.  It  is  essentially  a 
disease  of  middle  life,  and  though  cases  sometimes  occur  in  early  adult  life, 
and  rare  cases  are  seen  during  adolescence,  they  form  marked  exceptions  to 
the  rule  that  carcinoma  is  rare  before  the  thirty-fifth  year. 

3.  Race. — Caucasians  are  more  predisposed  to  carcinoma  than  the  other 
races  of  mankind.  It  affects  all  human  beings,  however,  and  is  not  at  all 
uncommon  among  the  lower  animals,  nearly  all  of  which  may  suffer  from  it. 

4.  Sex. — Carcinoma  is  more  frequent  in  women  than  in  men,  because  of 
the  larger  size  and  greater  activity  of  certain  of  the  epithelial  organs  of 
women.  Thus,  cancers  of  the  mammary  glands  and  uterus  are  very  common 
in  women.  Cancer  of  the  mammary  gland  is  very  rare  in  men,  who  fre- 
quently, however,  suffer  from  carcinoma  of  the  stomach,  pancreas,  rectum, 
liver,  lip,  and  larynx. 

5.  Geographic  distribution  seems  to  have  some  influence  upon  the  occur- 
rence of  carcinoma.  It  occurs  more  frequently  in  temperate  than  in  tropic 
or  arctic  climates,  and  seems  to  have  some  preference  for  low,  damp,  wooded, 
alluvial  districts  with  a  clayey  soil. 

6.  Occupation  has  some  influence,  by  bringing  individuals  into  contact 
with  substances  which  irritate  the  skin.  Of  these  must  be  mentioned  soot, 
tar,  and  paraffin.  For  many  years  it  has  been  known  that  chimney-sweepers 
suffer  from  an  epithelioma  of  the  scrotum  that  is  rare  among  other  persons, 
and  recently  it  has  been  found  that  tar  and  paraffin  handlers  are  also  more 
subject  than  others  to  skin  cancers.  Sutton  has  found,  however,  that  the 
wives  of  chimney-sweepers  are  also  more  commonly  affected  with  cancer 
than  women  in  general,  a  matter  that  meets  with  no  ready  explanation. 

II.  Exciting  Causes. — i.  Irritation. — That  irritation  and  injury  are  in 
themselves  sufficient  causes  of  carcinoma  seems  to  be  doubtful.  The  fact 
that  cancer  of  the  lip  should  be  so  common  in  men  and  so  rare  in  women, 
supported  by  the  fact  that  it  is  usually  the  men  and  not  the  women  who 
smoke,  that  the  occurrence  of  this  form  of  cancer  is  often  preceded  by 
fissures  and  cracks  just  where  the  clay  pipe  produces  its  irritation,  appears 
convincing  when  taken  by  itself,  but  it  seems  to  be  offset  by  the  fact  that  so 
few  cases  occur  in  spite  of  the  immense  number  of  smokers,  and  that  it  is 
not  rare  among  men  who  do  not  smoke. 

The  fact  that  cancers  commonly  occur  at  parts  of  the  body  at  which  fric- 
tions and  traumatic  injuries  are  frequent — mouth,  larynx,  esophageal  entrance 
to  the  stomach,  pylorus,  rectum,  cervix  uteri,  vulva,  and  mammary  gland — 
suggests  that  in  all  these  situations  it  is  the  irritation  that  stimulates  the  cells 
to  activity. 

This  must,  however,  be  accepted  with  reserve,  as  it  is  at  these  very  situa- 
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tions  that  we  find  the  transition  of  skin  to  mucous  membrane,  squamous 
epithelium  to  columnar  epithelium,  and  developmental  defects  that  may 
escape  observation,  all  of  which  may  be  associated  with  conditions  favorable 
to  the  development  of  carcinoma. 

2.  Altered  Resistance  of  the  Connective  Tissue. — Ribbert  has  advanced 
an  interesting  though  doubtful  theory  which  accounts  for  the  growth  of  the 
tumor  upon  a  change  in  the  connective  tissue  rather  than  upon  activity  of 
the  cells.  He  thinks  the  connective  tissue,  losing  its  normal  resisting  power 
and  becoming  looser  than  normal,  draws  apart  the  cells  forming  the  mem- 
brana  propria  and  permits  the  epithelial  cells  to  take  on  the  unrestricted 
growth  which  produces  the  tumor. 

In  all  cases  marked  changes  in  the  connective  tissue  are  evident,  the 
cancer  "  stroma"  being  thus  formed,  and  it  may  be  truthfully  said  that  the 
connective  tissue  grows  into  and  among  the  cells  quite  as  often  as  the  cells 
grow  into  the  spaces  of  the  stroma.  It  is,  however,  difficult  to  conceive  of 
so  indifferent  a  tissue  as  the  cancer  stroma  playing  the  chief  role  in  the 
formation  of  a  tumor  whose  very  essence  seems  to  depend  upon  cellular 
activity,  and  whose  cells,  when  transported  to  the  lymphatic  glands,  pro- 
ceed to  continue  the  same  unrestricted  multiplication  that  we  observe  in 
the  primary  tumor. 

3.  Infection. — There  are  many  peculiarities  about  carcinoma  that  make  it 
resemble  an  infectious  disease,  and,  indeed,  it  may  be  one,  though  it  has 
other  equally  marked  peculiarities  which  are  entirely  different  from  those  of 
any  other  known  infectious  process.  The  infectiousness  of  carcinoma  has 
received  so  much  attention  during  the  last  quarter  of  a  century  that  an  enor- 
mous literature  upon  it  has  developed  and  many  facts  of  interest  have  been 
collected. 

Bacteria  and  Carcinoma. — The  study  of  the  bacteriology  of  carcinoma  was  begun  quite 
-early,  and  although  the  greater  number  of  investigators  failed  to  find  bacteria  in  the  healthy 
parts  of  the  tumor,  claims  were  made  as  early  as  i885byBrault  that  the  tumors  were  of  micro- 
organismal  origin.  This  opinion  was  further  supported  by  Rappin,  in  1887,  who,  like  Brault, 
succeeded  in  cultivating  a  diplococcus  which  was  regarded  as  specific.  Schill  probably  culti- 
vated the  same  coccus.  More  attention  was  attracted  to  the  discovery  of  a  bacillus  by  Scheuer- 
len,  in  1887,  however,  until  the  careful  work  of  Senger  showed  that  this  famous  "  cancer 
bacillus  "  was  simply  the  well-known  "  potato  bacillus  "  or  Bacillus  mesentericus  fuscus.  This 
upset  the  bacterial  theory  of  the  etiology  of  carcinoma  ;  and  although  Kubassoff,  in  1890, 
describes  a  new  bacillus  cultivated  from  cancer,  and  appearing,  according  to  his  researches, 
to  fulfil  all  Koch's  laws,  a  reaction  of  feeling  had  set  in,  and  a  new  idea — namely,  that  pro- 
tozoa were  the  cause  of  the  disease — had  met  with  more  popular  favor.  The  investigation  of 
the  protozoan  theory  led  to  the  discovery  that  many  different  bacteria  could  be  cultivated  from 
carcinomata,  but  that  they  probably  all  entered  from  the  skin,  and  were  associated  with  the  in- 
flammatory, degenerative,  and  necrotic  processes  occurring  in  the  tumors  rather  than  with  their 
etiology,  and  at  the  present  time  it  is  almost  universally  conceded  that  bacteria  are  of  no 
significance. 

Protozoa  and  Carcinoma,  First  Period. — Virchow  observed  cellular  inclusions  in  carci- 
noma, and  illustrated  a  paper  which  appeared  in  the  first  volume  of  his  Archives  with  a 
beautiful  plate  showing  them.  He  regarded  them  as  examples  of  endogenous  cell  formation. 
Thoma,  in  a  paper  published  in  1889,  seems  to  have  been  the  first  to  suggest  that  they  were 
parasites.  The  same  idea  also  occurred  to  Malassez,  Albarran,  and  Darier  in  the  same  year. 
The  stir  that  these  opinions  made  was  considerable,  and  many  descriptions  of  the  peculiar 
bodies  were  written  within  a  year  or  two,  all  differing  slightly  as  to  the  details,  but  only  as 
might  be  accounted  for  by  the  different  materials,  different  fixatives,  and  different  staining- 
methods  employed.  Vincent,  Wickham,  Sjobring,  and  others  wrote  in  favor  of  their  parasitic 
uature,  some  considering  the  bodies  to  be  coccidia,  others  not  attempting  to  classify  them. 
Schiitz,  in  1890,  doubted  their  parasitic  nature,  and  described  them  z.%  fseudococcidia,  resulting 
either  from  cellular  degenerations  or  from  accidentally  present  red  blood  cells  in  the  cells. 
L.  Pfeiffer  figured  possibly  parasitic  bodies  which  he  observed  in  cancers,  but  did  not  commit 
himself  fully  in  regard  to  them.  Heukelon,  after  a  study  of  200  tumors,  could  not  convince 
himself  that  the  bodies  present  were  parasites  ;  and  Hauser  could  find  nothing  about  those 
which  he  observed  to  prove  them  to  be  such. 

In  1890  Russell  discovered  an  entirely  new  object,  which  he  described  as  the  "  fuchsin 
body"  and  regarded  as  a  yeast  plant.  He  suggested  that  it  was  the  true  parasitic  organism, 
and  so  diverted  investigation  into  an  entirely  new  field.    While  the  investigations  were  in  prog- 
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ress,  however,  the  protozoan  advocates  continued  their  work.  Many  papers  appeared,  but  for 
a  time  (1890-92)  the  opinions  expressed  vifere  almost  equally  divided.  In  1892,  hovifever, 
several  papers  appeared  by  Podwyssozki,  Sawtschenko,  and  Soudakewitch,  the  last  supported  by 
Metschnikoff,  in  which  an  attempt  was  made  to  trace  the  developmental  and  reproductive  cycles 
of  the  supposed  parasites.  Ruffer  and  Walker,  also  supported  by  Metschnikoff,  discovered  a 
method  of  defining  what  appeared  to  be  an  intracellular  parasite,-  for  which  a  positive  repro- 
ductive cycle  seemed  to  be  worked  out.  Delepine,  however,  in  a  critical  survey  of  the  then  (1892) 
considerable  literature,  pointed  out  that  though  many  observers  had  described  parasite-like 
bodies,  no  one  had  yet  proved  them  to  be  parasites,  and  summed  up  the  situation  as  follows : 
"  I,  therefore,  consider  that  even  with  the  support  of  such  an  eminent  authority  as  Metschnikoff, 
neither  Soudakewitch  nor  Ruffer  has  any  more  right  for  the  present  to  call  the  bodies  to  which 
they  have  attracted  attention  either  protozoa  or  parasites  than  those  who  have  described  the 
same  bodies  previously."  Plimmer  (1892)  confirmed  the  observations  of  Ruffer  and  Walker, 
while  Karg  (1892)  argued  against  the  parasitic  theory.  Clarke  (1892)  discovered  what  he 
supposed  to  be  a  form  of  conjugation  of  certain  psorosperms  in  a  carcinoma  of  the  nose. 

The  protozoan  theory  reached  its  climax  in  the  reported  discovery  by  Korotneff  of  worm- 
like bodies  which  he  named  Rhophalocephalus  carcinomatosis,  supposed  to  be  gregarinae, 
in  a  case  of  squamous  epithelioma,  and  in  the  extraordinary  theory  of  Adamkiewicz  that  the 
carcinoma  cells  themselves  were  protozoan  parasites. 

From  1893  the  papers  supporting  the  protozoan  theory  seemed  to  diminish  in  number. 
Too  many  different  forms  had  been  described,  scarcely  any  two  writers  agreeing  concerning 
them,  and  no  one  having  succeeded  in  proving  the  parasitic  nature  of  any. 

Blastomycetes  and  Carcinoma. — It  was  Russell  who  started  this  investigation  by  sur- 
mising that  the  "  fuchsin  bodies  "  he  observed  were  yeasts.  The  bodies  described  by  Sjobring, 
and  called  by  him  "  sporozoa,"  may  have  been  yeasts.  Roncali  took  great  interest  in  the  sub- 
ject in  189s,  and,  in  reviewing  the  work  already  done,  thought  the  bodies  described  by  Thoma, 
Sjobring,  and  many  of  the  other  writers  were  probably  yeasts.  The  investigations  of  yeasts 
were  continued  by  Roncali  and  Sanfelice  for  some  time,  but  nothing  positive  resulted  from 
their  work. 

The  greatest  success  was  attained  by  Plimmer,  who  studied  iioo  cancers  and  found  the  well- 
known  bodies  in  almost  every  case,  not  only  in  the  primary,  but  also  in  the  metastatic,  tumors. 
Though  it  is  difficult  to  differentiate  clearly  between  the  bodies  he  found  and  those  of  a  dozen  of 
his  predecessors,  the  objects  have  now  pretty  generally  become  known  as  "  Plimmer  bodies." 
One"marked  advance  was  made  by  these  extended  investigations,  and  that  is  the  simplification 
of  the  subject,  for  instead  of  finding  a  variety  of  differing  objects,  Plimmer  always  found  the 
same  bodies,  thus  increasing  the  probability  that  they  were  definite  and  important  entities. 
Plimmer  also  succeeded  in  cultivating  some  yeasts  from  cancers,  but  it  is  difficult  to  harmonize 
the  appearances  presented  by  these  yeasts  in  culture  with  their  appearances  in  the  cancer 
cells,  and  it  seems  highly  improbable  that  the  two  are  identical.  Further,  the  cultivated 
yeast,  when  inoculated  into  animals,  produced  nodules  consisting  chiefly  of  embryonal  con- 
nective tissue,  and  in  no  way  like  carciiioma. 

Revival  of  tlie  Protozoan  Theory. — The  researches  of  Gaylord,  under  the  direction 
of  Park,  have  led  to  a  revival  of  the  protozoan  theory  in  a  slightly  modified  form.  Gaylord 
accepts  the  Plimmer  body  as  the  probable  parasite,  but  looks  upon  it  as  a  protozoan  parasite. 
He  believes  that  it  is  an  organism  which  in  one  stage  of  its  existence  circulates  in  the  blood  in 
the  form  of  a  minute  sphere,  and  in  another  stage  invades  the  epithelial  cells.  In  the  separated 
blood  serum  of  carcinoma  patients  he  has  seen  it  increase  in  numbers  upon  prolonged  incuba- 
tion. The  results  of  inoculation  with  this  incubated  serum  containing  many  parasites  are  said 
to  have  produced  a  tumor  resembling  carcinoma  in  one  out  of  many  trials.  The  work  is  too 
new  to  be  accepted  at  present. 

From  this  revievif  of  the  literature  it  will  be  evident  that  with  the  evolution 
of  parasitology  theories  regarding  the  infectiousness  of  carcinoma  have  kept 
pace.  When  men  were  most  interested  in  the  study  of  bacteria,  they  found  them 
in  the  tumors ;  when  protozoa  were  shown  to  infect  the  epithelial  cells  of  the 
lower  animals,  and  their  attention  was  turned,  to  the  sporozoa,  they  naturally 
looked  for  them  in  carcinoma ;  and  when  the  blastomycetes  were  found  to  be 
of  some  importance,  they  were  not  slow  to  produce  yeasts  cultivated  from  the 
tumors. 

All  that  can  be  said  is  that  the  parasitic  nature  of  carcinoma  is  not  proved. 
There  are  certain  marked  differences  between  tumors  and  other  infectious 
processes.  Thus,  it  is  true  of  every  known  infection  that  the  reaction  induced 
by  it  is  chiefly  exerted  upon  the  mesoblastic  connective  tissue.  All  produc- 
tive infectious  processes  are  characterized  by  proliferation  of  one  tissue  only — 
the  fibrillar  connective  tissue.  No  matter  in  what  organ  they  occur,  the 
infectious  agents  affect  the  interstitial  tissue  chiefly,  the  other  elements 
suffering  atrophy  and  degeneration. 
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In  carcinoma  we  find  the  epithelial  cells  essentially  affected,  and  affected 
in  such  manner  as  to  occasion  proliferation,  not  degeneration.  It  is  the  epi- 
thelial cells  that  are  at  fault,  and  the  fault  is  in  their  unlimited  vegetation.  It 
is  the  epithelial  cells  themselves  that  occasion  the  metastases,  not  the  para- 
sites, for  in  each  metastatic  tumor  cells  of  recognizable  type  are  found,  and 
the  metastasis  of  gastric  carcinoma,  pancreatic  carcinoma,  mammary  carci- 
noma, and  squamous  epithelial  carcinoma  can  very  often  be  differentiated 
with  the  greatest  readiness  by  microscopic  study. 

Almost  without  exception  the  active  infectious  processes  are  transmissible 
upon  inoculation,  but  thus  far  the  inoculation  experiments  with  carcinoma 
are  almost  without  fruition. 

ADENOMA. 

An  adenoma  is  a  tumor  whose  structure  resembles  that  of  an  epithelial 
gland.  Like  a  gland,  it  consists  of  acini,  ducts,  and  supporting  vascular 
connective  tissue.  Unlike  a  gland,  it  is  usually  so  constructed  that  utility  is 
precluded  because  of  a  marked  disproportion  of  the  component  elements, 


Fig.  ii6. — Adenocystoma  papilliferum  of  the  mammary  gland:  a.  Dilated  duct;  l>,  papillary 
outgrowth  from  the  epithelial  lining.    Tumors  of  this  structure  are  commonly  malignant. 

acinose  and  canalicular,  and  an  absence  of  proper  outlets.  The  tumor,  being 
typical  in  structure,  is  benign. 

Seat  of  Occurrence. — ^Adenomata  always  grow  from  epithelial  glands, 
and  any  such  organ  may  form  their  starting-point.  They  have  been  observed 
in  the  mammary  gland,  ovary,  liver,  kidney,  thyroid,  adrenal,  salivary, 
lacrimal,  sebaceous,  and  sweat  glands,  and  have  also  been  observed  to  arise 
from  the  tub,ular  glands  of  the  mucous  membranes.  They  are  most  frequent 
in  the  mammary  glands. 

Special  Forms. — Cystic  adenomata  are  sometimes  called  adenocysto- 
mata  or  adenoceks.    When  such  tumors  contain  papillae  growing  into  the  ducts, 
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they  form  the  adenocystoma  papilliferum.  The  alveolar  and  canalicular, 
simple  and  fibrous,  forms  have  already  been  fully  described.  The  fibro- 
adenomata  of  the  mammary  gland  are  described  under  the  tumors  of  that 
organ.     (See  Tumors  of  the  Mammary  Gland.) 

One  of  the  most  frequent  forms  is  known  as  the  adenomatous  polyp.  It 
occurs  upon  the  mucous  membrane  of  the  nose,  pharynx,  larynx,  stomach, 
and  intestine,  and  consists  of  fibroconnective  tissue,  usually  in  an  advanced 
state  of  myxomatous  degeneration,  with  glandular  tubules  ramifying  through 
it.     These  polypi  may  be  as  small  as  peas  or  as  large  as  walnuts. 

The  adenoma  of  the  thyroid  is  sometimes  called  a  bronchocele,  that  of  the 
ovary,  a  multilocular  cyst.  The  last  mentioned  are  the  largest  of  the  adeno- 
mata, sometimes  containing  so  many  and  such  enormous  cysts  as  to  hold 
many  gallons   of  fluid   and  weigh   loo  pounds.     The   greater   number  of 


Fig.  117. — Fibro-adenoma  of  the  mammary  gland  (canalicular  form).     Oc.  2;  ob.  3. 

adenomata  do  not  attain  any  considerable  size  or  produce  any  important 
symptoms. 

An  interesting  tumor  of  the  adenomatous  type  occasionally  occurs  in  the 
kidney  and  is  known  as  hypernephroma.  It  is  supposed  to  depend  upon  the 
inclusion  of  fragments  of  the  adrenal  substance  in  the  kidney  tissue.  Aber- 
rant adrenal  fragments  are  not  infrequent  in  the  abdominal  cavity,  and 
sometimes  are  as  far  removed  from  their  normal  position  as  to  be  found  in 
the  pelvis.  The  subsequent  growth  of  such  fragments  may  lead  to  the  forma- 
tion of  a  tumor  in  or  upon  the  kidney,  with  all  the  structural  characteristics 
of  the  adrenal  gland,  the  cells  containing  both  fat  and  glycogen.  Many 
adenomata  of  the  kidney  supposed  to  originate  from  the  uriniferous  tubules 
have,  no  doubt,  had  this  origin. 

Morbid  Anatomy. — Nearly  all  adenomata  are  well  circumscribed  and 
encapsulated,  and  are  thus  differentiated  from  the  surrounding  tissue,  though 
almost  without  exception  homologous  tumors,  resembling  the  tissue  of  the 
gland  in  which  they  grow.     They  usually  possess  a  rounded  or  nodular  form. 


ADENOMA. 


239 


and  are  apt,  in  consequence  of  their  shape,  to  form  projecting  elevations, 
which,  while  usually  sessile,  may  be  pedunculated,  and  in  the  case  of  such 
growths  as  form  upon  the  mucous  membranes  of  the  nose,  larynx,  stomach, 
and  intestine,  even  become  polypoid. 

Morbid  growths  sometimes  incorrectly  called  adenoma  consist  of  uncir- 
cumscribed  hyperplasise  of  glandular  tissue.  Some  term  these  diffuse,  others 
malignant,  adenomata,  but  it  is  probable  that  they  are  simple  glandular  hyper- 
plasise when  benign,  or  carcinomata  when  malignant.  The  duct  hyper- 
plasia that  accompanies  cirrhosis  of  the  liver,  and  the  glandular  proliferation 
of  the  endometrium  (glandular  endometritis)  and  of  the  cervix  uteri,  are 
of  this  class  and  cannot  correctly  be  classified  as  adenomata. 

Pathologic  Histology. — As  has  been  shown,  the  tumor  consists  of  a 
vascular  fibrous  stroma,  which  shows  a  marked  tendency  to  myxomatous 
degeneration,  and  a  varying  proportion  of  glandular  tissue.  When  the  pro- 
portion corresponds  with  that  of  the  normal  gland,  the  tumor  is  called  a  simple 
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Fig.  118. — Alveolar  adenoma  of  the  mammary  gland.     Leitz,  Oc.  2 ;  o\>.  9. 


adenoma.  If,  however,  the  amount  of  glandular  tissue  be  very  inconsider- 
able, it  is  called  z.  fibro-adenoma. 

The  predominance  of  alveolar  or  canalicular  elements  makes  the  tumors 
easily  divisible  into  alveolar,  racemose,  or  acinose  adenoma  and  canalicular 
or  tubular  varieties. 

The  simple  alveolar  adenoma  most  closely  repeats  the  structure  of  the 
gland  ;  the  canalicular  fibro-adenoma,  least  so. 

The  cells  for  the  most  part  resemble  in  size,  form,  and  arrangement  the 
normal  gland,  though  they  may  be  more  or  less  crowded  and  in  double  or 
even  triple  layers.  A  normal  relation  of  the  cells  to  the  basement  mem- 
brane is  the  essential  microscopic  feature  of  adenoma,  and  it  makes  little  differ- 
ence whether  glandular  or  fibrous  tissue,  or  alveolar  or  canalicular  tissue, 
predominates,  so  long  as  the  disposition  of  the  cells  is  normal  and  their  rela- 
tion to  the  membrana  propria  shows  that  they  have  no  disposition  to  invade 
the  matrix.     It  is  this  difference  which  separates  adenoma  from  carcinoma. 

Racemose  or  alveolar  adenomata  occur  only  in  connection  with  the  race- 
mose glands^ — i.  e.,  the  mammae,  salivary  glands,  etc.  From  the  ducts  of 
the  same  glands  tubular  or  canalicular  adenomata  may  also  occur. 
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When  incised,  the  contents  of  the  tumor  are  usually  observed  to  be  Under 
pressure,  and,  after  having  been  separated,  the  halves  cannot  again  be  accu- 
rately approximated,  the  surfaces  at  once  becoming  convex.  The  cut  surface 
resembles  the  gland  in  which  the  tumor  occurs.  Thus,  in  the  mammary  gland 
it  appears  grayish  or  pinkish  white  and  has  its  substance  divided  up  into 
minute  lobules  by  the  intermediate  connective  tissue,  which  in  rare  cases 
contains  fat.  In  the  thyroid  gland  the  color  is  reddish  or  orange  and  appears 
purely  glandular. 

The  tumors  are  not  infrequently  cystic,  and  in  the  adenoma  of  the  ovary 
the  cysts  become  the  conspicuous  feature,  and  the  growth  is  so  frequently 
spoken  of  as  a  cystoma  that  one  is  apt  to  lose  sight  of  its  true  nature. 

The  capsule  consists  of  connective  tissue,  usually  well  differentiated  from 
that  of  the  surrounding  gland,  so  that  the  surgeon  often  "shells  out"  the 
tumors  readily.  Occasionally,  however,  the  enucleation  is  less  easy,  and 
the  connective  tissue  of  the  tumor  and  gland  seems  to  be  continuous.  Such 
cases  are  spoken  of  as  "  adherent  capsule, ' '  and  are  looked  upon  with  suspicion 
as  to  their  disposition,  it  being  supposed  that  if  the  connective  tissue  of  the 
gland  and  tumor  is  continuous,  the  epithelial  elements  are  probably  also'  con- 
tinuous, and  the  recurrence  of  the  growth  more  liable  to  occur  than  when  it 
is  free. 

The  matrix  of  the  adenoma  consists  of  fibroconnective  tissue  with  elastic 
fibers,  and  is  prone  to  myxomatous  change.  The  cells  of  the  tumor,  being 
the  offspring  of  functional  glandular  cells,  inherit  in  part  their  function, 
and  discharge  more  or  less  atypical  secretion  into  the  ducts.  From  these  it 
may  be  expressed  in  the  form  of  creamy  matter  when  the  tumor  is  incised. 
It  is  this  secretion  which,  in  large  quantity,  fills  and  causes  distention  of 
the  ducts  and  acini  which  form  the  numerous  cysts.  The  contents  of  the 
cysts  resemble  the  glandular  secretion — colloid  substance  in  the  thyroid, 
milk  in  the  mamma,  bile  in  the  liver,  water,  colloid,  or  pseudomucin  in  the 
ovary,  etc. 

In  some  adenomata,  especially  those  of  the  mammary  gland  and  ovary, 
papillary  outgrowths  (papillomata)  from  the  walls  of  the  ducts  and  cysts 
project  into  and  dilate  them.  Such  a  formation  is  spoken  of  as  an  adeno- 
cystoma papilliferum.  This  may  occur  in  innocent  tumors,  though  it  seems 
to  indicate  a  vegetative  activity  that  commonly  results  in  a  change  in  the 
tendency  and  disposition  of  the  tumor.  Such  a  growth  may  occur  in  a 
single  cyst,  or  every  duct  throughout  the  tumor  may  be  lined  with  the 
little  papillary  excrescences. 

The  tubular  adenomata,  apart  from  those  originating  from  the  ducts  of 
the  racemose  glands,  also  arise  from  the  tubular  glands  themselves,  and 
occur  in  the  cervix  uteri,  kidney,  liver,  sweat  glands,  and  other  tubular 
glands. 

Disposition. — The  adenoma  is  a  thoroughly  benign  growth,  and  so 
long  as  it  conforms  to  the  typical  structure  will  not  recur  after  excision, 
give  metastasis  to  other  organs,  or  occasion  any  inconvenience  other  than 
may  result  from  pressure.  This,  naturally,  may  be  serious  in  the  case  of  the 
large  ovarian  tumors  mentioned. 

Termination. — The  tumors  grow  until  natural  causes,  such  as  the 
failure  of  nourishment  by  leading  to  retrogressive  changes,  checks  them. 
They  then  remain  stationary  or  grow  very  slowly  and  may  last  indefinitely. 
Spontaneous  improvement  has  sometimes  been  observed  in  mammary  tumors, 
but  can  be  attributed  to  the  absorption  of  fluid  from  contained  cysts  or  some 
other  simple  mechanical  accident  rather  than  to  any  disappearance  of  tumor 
tissue. 
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ODONTOMA. 

An  odontoma  is  a  tumor-like  enlargement  resulting  from  malformation 
of  a  developing  tooth.  Such  perversion  of  development  may  occur  before 
the  tooth  has  begun  to  form  and  result  in  a  tumor-growth  of  the  germ, 
or  may  occur  after  the  tooth  has  fully  formed,  or  at  any  intermediate 
period.  The  structures  entering  into  the  formation  of  the  odontomata  may 
be  derived  from  the  enamel  organ  (epiblastic)  or  from  the  dentin  or  cemen- 
tum  (mesoblastic). 

Sutton,  in  his  splendid  description  of  these  tumors,  finds  it  convenient  to 
"  describe  seven  different  forms  : 

From  the  enamel  organ.      .        .  epithelial  odontoma, 
f     follicular  odontoma. 


From  the  tooth-follicle  . 


fibrous  odontoma, 
cementoma. 

compound  follicular  odontoma. 
From  the  papule    .    .  .  radicular  odontoma. 


From  the  whole  germ  .       .       .  composite  odontoma. 


1.  The  epithelial  odontoma  develops  from  the  enamel  organ  and  forms 
more  frequently  in  the  lower  than  in  the  upper  jaw.  It  usually  occurs  in 
young  adults  and  forms  a  large  tumor,  which  may  attain  the  size  of  a  small 
hen's-egg.  Ui)on  examination  it  is  found  to  be  fairly  well  encapsulated 
and  made  up  of  a  congeries  of  cysts  of  various  shapes  and  sizes,  separated 
by  thin  walls,  sometimes  partly  ossified.  Growing  parts  of  the  tumor  are 
said  to  have  a  reddish  color  not  unlike  myeloid  sarcoma. 

Microscopic  examination  shows  the  epithelial  elements  derived  from  the 
enamel  organ  to  form  a  mass  of  branched  anastomosing  columns  of  epithe- 
lium forming  alveoli,  which  bear  a  partial  resemblance  to  adenoma.  The 
cells  lining  the  alveoli  are,  however,  of  several  layers,  the  outer  layer  con- 
sisting of  columnar  cells,  while  the  central  cells  degenerate  and  give  rise  to 
tissue  resembling  the  stratum  intermedium  of  .the  enamel  organ. 

2.  Follicular  odontomata  or  dentigerous  cysts  consist  of  tooth  follicles 
whose  pathologically  thickened  walls  have  resisted  the  eruption  of  the  tooth, 
which  is  retained  in  a  cavity  or  cyst  formed  by  dilatation  of  the  follicle  by 
viscid  fluid.  The  tooth  is  sometimes  deformed  to  the  extent  of  having 
truncated  roots.  The  walls  of  the  cyst  usually  contain  calcareous  or  osseous 
tissue.     The  cysts  rarely  suppurate. 

3.  Fibrous  odontoma  depends  upon  a  great  thickening  of  the  connec- 
tive-tissue capsule  surrounding  the  tooth  and  blending  with  the  dentin 
papilla,  by  which  the  tooth  is  so  surrounded  by  laminated  fibroconnective 
tissue  that  it  is  unable  to  be  erupted.  Calcareous  matter  may  be  deposited 
between  the  lamina  of  this  connective  tissue.  Sutton  found  this  form  of 
odontoma  especially  frequent  in  goats ;  they  also  occur  in  man.  Sometimes 
they  are  multiple  and  they  may  be  symmetric. 

4.  Cementoma. — Sutton  regards  the  cementoma  as  depending  upon  ossi- 
fication of  thickened  capsules,  such  as  constitute  fibrous  odontoma.  By 
this  means  the  tooth  becomes  surrounded  by  a  mass  of  cementum.  The 
tumor  occurs  in  man,  but  is  particularly  frequent  in  horses,  It  may 
attain  a  large  size,  and  Sutton  has  described  one  that  weighed  25  oz.,  and 
consisted  df  three  teeth  embedded  in  a  mass  of  cementum.  The  largest  on 
record,  preserved  in  the  Royal  Veterinary  College  of  London,  weighed 
70  oz. 

5.  Compound  Follicular  Odontoma. — Sutton  looks  upon  this  tumor  as 
depending  upon  the  sporadic  ossification  of  the  thickened  capsule,  by  which 
a  number  of  small  teeth  or  denticles  consisting  of  cementum  or  dentin,  or 
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even  ill-shaped  teeth  composed  of  three  dental  elements — cementum,  dentin, 
and  enamel.  The  number  of  such  denticles  contained  in  such  a  compound 
follicular  odontoma  may  reach  400.  Such  tumors  occur  in  man,  and  also 
in  the  lower  animals,  as  the  goat  and  horse. 

6.  Radicular  Odontomata. — These  tumors  arise  after  the  crown  of  the 
tooth  has  been  completed  and  while  the  -roots  are  in  process  of  formation. 
They  form  elongated,  pyriform,  or  irregular  outgrowths  from  the  roots  of 
the  teeth,  and  may  be  many  times  as  large  as  the  tooth  itself  The  growths 
consist  of  both  dentin  and  cementum,  the  cementum  forming  the  outer  layer. 

Radicular  odontomata  occur  in  man  and  the  lower  animals.  Sutton  -has 
observed  them  in  rodents  in  particular  because  of  the  persistent  pulps  from 
which  their  teeth  grow.  The  largest  odontomata  known  are  radicular  odon- 
tomata growing  upon  the  tusks  of  elephants. 

In  discussing  these  growths  Burchard  inclines  to  the  opinion  that  they  are 
the  result  of  hernial  projections  of  the  pulp  of  the  tooth. 


Fig,  iig. — Cystic  tumor  of  the  jaw,  probably  dentigerous  (Warren  Museum). 


7.  Composite  Odontoma. — Sutton  gives  this  as  a  convenient  term  by 
which  to  describe  all  the  hard  tooth  tumors  which  bear  little  or  no  resem- 
blance in  shape  to  teeth,  but  occur  in  the  jaws  and  consist  of  a  disordered 
conglomeration  of  enamel,  dentin,  and  cementum.  Such  odontomata  may 
be  considered  as  arising  from  an  abnormal  growth  of  all  the  elements  of  a 
tooth  germ — enamel  organ,  papilla,  and  follicle. 

The  tumors  are  not  uncommonly  composed  of  two  or  more  tooth  germs 
fused  together.  This  form  of  tumor  appears  to  occur  in  human  beings  only. 
They  may  attain  a  considerable  size  :  one  of  the  largest  on  record,  rernoved 
by  M.  Michou,  weighed  1080  gr.  ;  the  largest  removed  by  Hilton,  of  Guy's 
Hospital,  weighed  15  oz. 

They  frequently  grow  into  the  antrum,  and  no  doubt  many  exostoses  of 
the  antrum  are  of  this  nature.  They  often  suppurate  and  give  rise  to  symp- 
toms which  make  possible  the  erroneous  diagnosis  of  necrosis.  Most  of  the 
well-known  tumors  have  been  removed  surgically,  but  a  few  have  spontane- 
ously separated  after  suppuration  and  ulceration  of  the  surrounding  parts. 
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Their  irregular  shape,  hardness,  whiteness,  and  the  occasional  appearance 
of  what  correspond  to  cusps  on  the  surface  are  usually  sufficient  to  enable 
the  diagnosis  to  be  made. 

TERATOID  TUMORS. 

Cholesteatoma. — The  cholesteatoma  is  a  peculiar  and  rare  tumor,  char- 
acterized by  the  formation  of  pearly  bodies,  consisting  of  scale-like  epithe- 
lial cells  with  occasional  admixture  of  cholesterin. 

It  seems  that  at  present  several  quite  different  formations  are  included 
under  this-  genus,  and  it  is  doubtful  what  their  histogenesis  really  is,  some 
regarding  the  cells  of  which  they  consist  as  endothelial  cells,  though  the 
majority  believe  them  to  be  epithelial. 

Seat  of  Occurrence. — Cholesteatomata  occur  in  the  pia  mater,  choroid 
plexuses,  tuber  cinereum,  and  other  parts  of  the  brain,  and  very  rarely  in  the 
spinal  cord.  Another  species  or  variety  of  the  tumor  occurs  in  the  cavity 
of  the  middle  ear,  while  still  another  variety  sometimes  occurs  in  the  urinary 
passages. 

1 .  The  cholesteatoma  of  the  nervous  system  is  in  all  probability  a  teratoid 
or  monstrous  growth,  which  Bostrom  explains  by  assuming  that  in  the  early 
development  of  the  embryo,  at  the  time  of  the  closure  of  the  medullary 
canal,  of  the  constriction  of  the  secondary  anterior  cerebral  vesicle,  of  the 
anterior  or  middle  cerebral  vesicle,  or  of  the  middle  and  posterior  vesicles, 
about  the  fourth  or  fifth  week  of  embryonal  life,  epidermal  cells  are  caught 
in  the  pia  mater. 

The  tumors  are  subsequently  observed  as  small,  smooth,  occasionally 
nodular  growths,  of  rather  soft  consistence  and  smooth,  shining  appearance. 
They  may  be  as  large  as  a  pigeon's  egg. 

Microscopic  examination  shows  the  tumors  to  consist  of  an  areolar  tissue 
in  which  are  numerous  rounded  bodies,  bearing  marked  resemblance  to  the 
"pearls"  of  epithelioma.  These  are  formed  of  concentrically  arranged 
flattened  epithelial  cells.  Plates  of  cholesterin  are  sometimes  contained 
within  them,  and  hairs  have  occasionally  been  found  in  the  tumors,  thus 
proving  their  epithelial  and  epiblastic  origin. 

The  growths  are  usually  discovered  where  their  presence  was  not  suspected, 
and  are  entirely  benign.     Pressure  upon  the  brain  may  cause  symptoms. 

2.  The  cholesteatoma  of  the  middle  ear  sometimes  occurs  in  the  antrum, 
mastoideum,  and  meatus.  It  may  reach  the  size  of  a  cherry,  or  even  of  a 
hen's  egg,  and  has  a  whitish  color,  sometimes  with  a  tinge  of  blue  or  yellow. 

The  mass  is  built  up,  like  an  onion,  of  concentric  layers,  and  consists  en- 
tirely of  cornified  epithelium  which  has  gained  entrance  into  the  middle  ear 
through  openings  in  the  drum.  The  presence  of  the  increasing  masses  may 
cause  the  disappearance  of  the  normal  cylindric  epithelium  of  the  part,  and  by 
pressure  may  even  lead  to  atrophy  of  the  bones.  It  is  possible  that  in  some 
cases  the  epithelial  cells  may  not  have  entered  from  without,  but  may  have 
formed  in  the  tympanic  cavity  from  cells  originally  included  there  in  em- 
bryonal development. 

3.  The  cholesteatoma  of  the  urinary' passages  is  a  rare  formation  resulting 
from  chronic  inflammation  and  characterized  by  keratosis  of  the  epithelial 
cells.  Ziegler,  by  whom  it  is  mentioned,  gives  no  particulars  regarding  its 
appearance.' 

Dermoid  Tumors  or  Cysts. — A  dermoid  tumor  is  a  peculiar  teratoid 
formation,  usually  cystic  in  nature,  and  characterized  by  the  presence  of 
tissues  derived  from  all  three  blastodermic  layers.  It  is  called  dermoid 
because  of  a  preponderance  of  the  epiblastic  formations,  especially  skin  and 
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its  appendages,  hairs,  sebaceous  and  sweat  glands,  and  teeth.     Bone,  carti- 
lage, glands,  etc.,  are  also  present. 

Although  occasional  instances  of  the  occurrence  of  dermoid  tumors  are 
mentioned  in  the  early  writings,  very  little  attention  seems  to  have  been 
devoted  to  them  until  Blumenbach  (1785)  rejected  the  then  popular  belief 
that  they  were  punishments  inflicted  by  God  upon  those  who  had  been 
guilty  of  moral  errors,  and  suggested  that  their  formation  was  due  to  a  defin- 
ite nisus  formativus.  Baillie  further  refuted  the  old  idea  by  the  discovery 
of  an  ovarian  dermoid  containing  skin,  hair,  and  bone  in  a  little  girl  (a 
virgin)  twelve  years  old.  From  the  study  of  this  case  Baillie  was  led  to  con- 
clude that  the  genital  organs  of  the  human  female  were  able  in  themselves, 
without  fertilization,  to  generate  and  develop  an  embryo.  A  few  years  later 
Tumiati  wrote  upon  dermoids,  and  regarded  their  formation  as  analogous  to 
that  of  the  double  monsters.  Still  later  Meckel,  in  an  interesting  paper, 
concluded  that  they  originate  from  (i)  conditions  akin  to  pregnancy;  (2) 
double  monsters ;  and  (3)  the  change  of  normal  tissue  into  tissue  of  an- 
other kind  in  consequence  of  irritation.  In  1854  Remak  further  changed 
the  views  concerning  them  by  showing  that  they  were  frequently  congenital 
and  occurred  at  positions  in  which  fetal  clefts,  fissures,  or  sinuses  previously 
existed. 

Seat  of  Occurrence. — Before  the  time  of  Remak's  paper  it  was  re- 
marked that  dermoid  tumors  occurred  in  the  ovary  and  orbit  with  great 
frequency,  but  that  certain  parts  of  the  body  were  seats  of  predilection  does 
not  seem  to  have  been  observed.  Remak  observed  that  they  occurred  by 
preference  at  positions  in  which  the  union  of  fetal  clefts,  fissures,  or  sinuses 
took  place,  and  at  which  elements  from  the  skin  could  be  sequestrated. 

This  is  in  great  part  true.  We  find  them  occurring  in  the  great  median 
fis.sures  of  the  body,  both  anteriorly  and  posteriorly ;  in  the  mandibular 
fissure,  orbital  and  naso-orbital  fissure,  branchial  clefts,  in  connection  with 
the  sutures  of  the  brain  case,  and  nasopharynx.  The  fact,  however,  that 
they  occur  with  great  frequency  in  the  ovary,  occasionally  in  the  testicle, 
and  frequently  in  the  abdominal  and  thoracic  organs,  is  opposed  to  the 
theory  of  Remak.  The  ovary  is  the  most  frequent  seat  of  occurrence. 
They  have,  however,  been  found  in  the  pituitary  body  (Beck),  in  the  olfac- 
tory bulb  (Bonorden),  in  the  esophagus  (Hess),  arch  of  the  aorta  (Stilling), 
lower  lobe  of  the  left  lung  (Coelta),  apex  of  the  right  lung  (Salmonsen), 
and  in  the  anterior  surface  of  the  heart  (Pindus). 

Meckel  discovered  a  dermoid  tumor  of  the  diaphragm  from  which  21 
fragments  of  bone,  4  teeth,  and  considerable  hair  were  removed.  Ruysch 
found  one  in  the  omentum,  Andral  one  in  the  mesentery,  and  Frankel  one  in 
the  peritoneum.  Bonfigli  described  one  which  was  adherent  to  the  liver 
and  stomach  through  an  intermediate  band  ;  it  contained  teeth.  Modelung 
described  one  from  the  kidney. 

Ovarian  dermoids  are  common.  Olshausen  found  that  of  2275  ovarian 
tumors,  80 — i.  e.,  4  per  cent. — were  dermoids.  They  are  more  common  on 
the  right  side  than  on  the  left.  Mantel  observed  ip'i  cases,  and  found  that 
97  were  on  the  right  side,  67  on  the  left,  and  26  double-sided. 

Pathologic  Anatomy. — The  tumors  appear  to  begin  as  solid  growths, 
and  subsequently  become  cystic  by  the  retention  of  sebaceous  matter,  the 
secretion  of  sweat  glands,  and  the  accumulation  of  exfoliated  epithelium. 
They  may  be  congenital  and  develop  rapidly  after  birth,  or  they  may  develop 
late  in  life.  It  is  known  that  dermoids  of  the  ovary  have  occurred  in  organs 
examined  at  operations  prior  to  their  formation  and  found  to  all  appearances 
healthy.  They  form  more  or  less  rounded,  smooth,  occasionally  very 
adherent  tumors,  which  vary  in  size  from  a  pea  to  a  man's  head  or  even 
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larger.  They  usually  have  a  putty-like  consistence  from  the  large  quantity 
of  fatty  sebaceous  substance  they  contain.  In  the  ovary  they  cause  much 
pain.     Tissues  of  all  these  blastodermic  layers  are  present. 

Epiblastic  Elements. — The  skin,  when  present,  does  not  cover  the  entire 
interior  of  the  cyst,  but  occurs  in  more  or  less  elevated  patches,  velvety  in 
appearance,  scattered  upon  the  cyst  wall.  The  skin  patches  are  usually, 
sometimes  excessively,  supplied  with  villi,  and  the  skin  is  generally  furnished 
with  an  excessive  number  of  large  sebaceous  glands. 

Sweat-glands  occur,  but  are  less  common. 

Typical  hair  follicles  are  usually  present,  and  form  hairs  which  are  gener- 
ally soft  and  downy,  but  sometimes  long  and  coarse.  The  hairs  are  usu- 
ally blond,  but  may  be  brown  or  even  black,  and  are  always  similar  to 
those  normal  to  the  animal.  In  the  negro  the  hairs  are  flattened  and  curly ; 
in  sheep  I  have  found  small  dermoids  filled  with  soft  wool ;  in  the  hog  it  is 
said  that  bristles  occur,  and  Sutton  states  that  the  dermoids  of  birds  contain 
feathers. 

Occasionally  the  skin  covers  smooth,  rounded  eminences  suggesting  mam- 
mary glands,  and  even  provided  with  nipple-like  projections.  According  to 
Sutton,  these  gland-like  bodies  are  generally  fatty  in  structure,  but  may  be 
real  mammary  glands,  provided  with  ducts  passing  through  the  nipple,  and 
secreting  colostrum. 

Horns  and  warts  also  occasionally  occur  in  dermoid  cysts. 

Cerebral  tissue  may  occur  in  dermoid  tumors,  especially  if  they  contain 
bone,  and  not  infrequently  scattered  nerve  cells,  resembling  the  motor  nerve 
cells  of  the  spinal  cord,  as  well  as  nerve  fibers,  are  found. 

Teeth  of  various  shapes — incisors,  canines,  and  premolars— occur.  In 
the  tumors  which  I  have  examined  the  teeth  were  without  roots  and  resembled 
the  milk  teeth  rather  than  the  permanent  teeth.  They  are  usually  well  formed 
and  white ;  sometimes  deformed  and  discolored. 

Parts  of  the  cyst  wall  not  covered  with  skin  are  usually  covered  with  a 
mucous  membrane  with  either  squamous  or  columnar  epithelium.  The  colum- 
nar epithelium  is  sometimes  ciliated.  In  this  mucous  membrane  mucous 
glands  may  be  present. 

The  cyst  is  generally  full  of  a  greasy  granular  material,  in  which  are 
scattered  teeth,  hair,  epithelial  cells  and  pearls,  sebaceous  rnatter,  cholesterin, 
and  aqueous  fluid  probably  derived  from  the  sweat. 

Mesoblastic  Elements. — We  read  much  about  the  epiblastic  derivatives 
in  dermoids,  but  it  is  only  within  a  recent  period  that  attention  has  been 
paid  to  the  derivatives  of  the  mesoblast  and  hypoblast  likewise  represented. 
Bone  is  commonly  observed  in  the  form  either  of  spicules  or  of  flattened 
plates. 

Beneath  the  skin  bone  is  not  infrequently  present  in  the  form  of  flattened 
plates  of  irregular  shape.  Sometimes  the  bone  is  mandibular  and  contains 
sockets,  from  which  teeth  project  through  the  epithelial  covering  into  the  cavity. 

Cartilage  is  also  met  with,  not,  however,  as  antecedent  to  bone,  for  the 
dermoid  bones  are  usually  membranous  in  origin.  Striped  and  unstriped 
muscular  tissue  and  much  areolar  tissue  are  also  common,  and  are,  of  course, 
mesoblastic  in  origin. 

Hypoblastic  Elements. — The  hypoblast  is  probably  represented  by  the 
columnar  and  sometimes  ciliated  epithelium  and  mucous  glands. 

Etiology. — Remak's  theory  that  dermoids  are  sequestration  tumors  ex- 
plains some,  but  not  all,  cases.  What  are  known  to  us  as  dermoid  tumors 
are  undoubtedly  several  different,  yet  similar,  things.  The  old  writers  saw 
no  difference  between  dermoid  tumors  and  ectopic  pregnancies,-  inasmuch  as 
what  were  regarded  as  fetal  elements  were  discovered  in  them.     This  led 
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them  to  the  supposition  that  all  were  cases  of  imperfect  conception,  a  theory 
which  might  readily  apply  to  a  dermoid  of  the  ovary,  but  could  hardly  be 
applicable  to  one  of  the  orbit.  Such  tumors  gradually  came  to  be  regarded 
as  cases  of  inclusio  foetus  in  fcetu,  analogous  to  the  double  monsters.  It  is 
probable  that  there  is  truth  in  both  these  theories.  Some  tumors  are  cer- 
tainly formed  by  the  sequestration  of  fetal  tissue  during  the  arching-over 
processes  of  embryonal  development,  tumors  of  this  kind  being  described  as 
sequestration  dermoids,  and  occurring  in  the  neighborhood  of  the  fissures,  as 
has  already  been  pointed  out.  Others  are  cases  of  inclusio  fcetus  in  fcetu. 
The  ovarian  and  testicular  dermoids  must,  however,  be  otherwise  explained, 
as  they  can  be  acquired  late  in  life. 

Theory  of  Parthenogenesis. — Wilms  doubts  the  congenital  origin  of 
the  ovarian  and  testicular  dermoid  tumors,  and  in  speaking  of  the  theories 
thus  far  mentioned,  says  that  it  serves  to  complicate  matters  rather  than  to 
elucidate  them. 

If  the  tumors  are  not  congenital,  they  must,  of  course,  be  developed  in 
after-life,  and  we  must  look  into  the  tissues  in  which  they  occur  for  the 
cells  from  which  they  can  originate.  Sutton  suggests  that  the  epithelial 
cells  of  the  membrana  granulosum  are  endowed  with  great  vitality,  and 
are  responsible  for  the  development  of  the  tumors  and  their  contents. 
Wilms  is,  however,  of  a  different  opinion,  and  sees  in  the  ovum  itself  a  cell 
capable  of  producing  tissues  of  all  kinds  when  fertilized.  For  the  elabora- 
tion of  his  theory  he  brings  forward  the  developmental  cycle  of  the  ovum 
itself,  and  calls  particular  attention  to  the  extrusion  of  the  polar  granules. 
These  are  regarded  as  a  kind  of  male  element  in  the  female  cell,  which  must 
be  extended  before  the  ovum  can  be  ready  for  fertilization.  If  the  powers 
of  extrusion  miscarry  and  the  granules  remain  within  the  ovum,  Wilms 
believes  that  parthenogenesis  can  take  place  and  an  atypical  and  monstrous 
development  of  the  ovum  result  in  the  production  of  a  dermoid  tumor  instead 
of  a  fetus.  He  supports  his  view  by  observations  upon  19  cases  of  ovarian 
dermoid  tumors,  all  of  which  were  subjected  to  a  careful  microscopic  study. 
In  each  of  them  tissue  derivatives  of  all  three  layers  of  the  embryo  were 
found — skin  with  hair,  sebaceous  glands,  sweat  glands,  and  teeth  represent- 
ing the  epiblast;  blood  vessels,  striped  and  unstriped  muscle,  and  bone 
representing  the  mesoblast ;  and  columnar  ciliated  epithelium  in  a  rudi- 
mentary tube  or  sac,  supposed  to  be  the  hypoblast.  So  satisfied  is  Wilms 
that  the  ovarian  dermoids  originate  in  this  way  that  he  suggests  abandoning 
the  term  dermoid,  with  the  misconceptions  attached  to  it,  and  calling  the 
growths  "rudimentary  ovarian  parasites''^  instead. 

Nature  and  Disposition.- — Dermoid  tumors  are  benign  in  nature,  although 
their  growth  in  some  locations  is  accompanied  by  pain.  A  few  rare  cases 
are  on  record  in  which  the  epithelial  tissues  in  the  tumors  took  on  a  car- 
cinomatous development.  The  combination  of  dermoid  and  adenoma  also 
occurs.  Although  benign,  a  case  of  apparent  metastasis  is  reported  by 
Emanuel,  who  observed  a  dermoid  tumor  in  the  rectus  muscle  after  removal 
of  an  ovarian  dermoid. 

Kollaczek  has  also  reported  a  most  extraordinary  case  of  richly  dissemin- 
ated epithelial  clumps  over  the  entire  peritoneum.  In  the  center  of  each 
nodule  a  hair  was  visible.     Frankel  has  seen  a  somewhat  similar  case. 

The  rupture  of  an  ovarian  dermoid  and  of  other  dermoids  is  always  a 
serious  matter,  because  of  the  irritating  foreign  matter  which  escapes  into  the 
peritoneum,  and  because  of  the  danger  of  disseminated  tumors. 

The  diagnosis  of  the  dermoid  tumors  is  not  always  possible  before 
removal,  and  sometimes  difficult  afterward,  especially  if  hair,  teeth,  bone, 
and  other  easily  recognized  characteristics  are  absent.     The  contents  of  the 
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cyst  are,  however,  usually  characteristic,  for  scarcely  any  other  lesion 
furnishes  the  smeary,  turbid  material  which  can  be  evacuated  from  a  dermoid 
tumor.  Examination  of  the  cyst  wall  by  the  microscope  generally  makes 
the  condition  plain  by  revealing  epithelium  and  its  appendages. 

It  may  be  very  difficult  to  differentiate  between  a  dermoid  tumor  and  an 
ectopic  pregnancy.  Wilms  points  out  that  this  should  offer  few  difficulties 
to  the  microscope,  because  of  the  invariable  presence  in  ectopics,  and  invari- 
able absence  in  dermoids,  of  placental  or  decidual  tissues. 

CYSTS. 

A  cyst  is  a  well-circumscribed,  pathologic  collection  of  fluid,  tending  to 
persist  and  increase.  The  word  is  employed  so  loosely  that  it  is  difficult  to 
define  it  accurately.  By  some  writers  inflammatory  formations  would  be 
excluded  immediately,  yet  by  the  greater  number  exudations  into  bursa,  the 
tunica  vaginalis  testis,  etc.,  are  included.     Large  collections,  such  as  occur 
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Fig.  120. — Large  ovarian  cyst  in  a  Chinese  woman  (Reifsnyder), 

in  the  peritoneal  cavity  in  ascites,  are  rarely  called  cysts^  though  their  forma- 
tion and  structure  are  identical  with  those  of  the  bursa  and  hydrocele.  Ab- 
scesses are  to  be  excluded  because  of  their  distinctly  inflammatory  origin. 

A  cyst  may  or  may  not  be  provided  with  a  circumscribing  wall,  depend- 
ing upon  the  mode  of  its  formation.  The  greater  number  are  lined  by  a 
membrane  supporting  either  epithelium  or  endothelium,  so  that  their  struc- 
ture is  distinctly  vesicular. 

Cysts  may  occur  singly  or  in  groups,  the  latter  being  known  as  mulii- 
locular  cysts.  A  morbid  growth  containing  a  number  of  cysts,  by  soften- 
ing, is  described  as  cystic.  A  tumor  formed  of  epithelial  alveoli  enclosed  in 
a  fibrous  matrix  whose  alveoli  have  a  marked  tendency  to  become  cystic  is 
called  a  cystoma. 

The  following  varieties  may  be  described  :  i.  Retention  cysts.  2.  Exu- 
dation cysts.      3.   CoUiquation  cysts.     4.   Parasitic  cysts.    5.  Dermoid  cysts. 

I.  Retention  Cysts. — These  are  caused  in  consequence  of  pathologic 
obstruction  to  the  ducts  or  tubules  of  glands,  which  are  dilated  by  the  re- 
tained secretions. 
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Retention  cysts  are  common  in  the  skin  from  obstruction  of  the  outlets 
of  the  sebaceous  glands,  forming  comedones,  and  atheroma  or  wen,  and  from 
obstruction  of  the  sweat  glands,  forming  milium.  They  are  frequently  ob- 
served upon  the  mucous  membranes  of  the  respiratory,  digestive,  and  gen- 
ito-urinary  tracts.  One  of  the  best  known  is  the  ovula  or  follicle  of  Nabpth 
(Nabothian  follicle)  of  the  uterine  glands.  Cysts  of  the  kidney,  such  as 
occur  in  chronic  interstitial  nephritis,  are  also  familiar  examples.  Galacto- 
celes,  from  retention  of  milk  in  the  mammary  gland  ;  spermatoceles,  from 
retention  of  sperm  in  the  testicles  ;  ranula,  from  obstruction  of  the  parotid 
duct,  will  also  suggest  themselves  as  good  examples.  Similar  formations 
also  occur  in  the  pancreas  and  liver.  Larger  cysts  occur  from  obstruction 
of  the  Fallopian  tubes  (hydrosalpinx),  appendix  vermiformis,  ureters  {hydro- 
nephrosis), and  gall-bladder. 

Retention  cysts  increase  in  size  by  the  continuous  accumulation  of  their 


Fig.  121. — Branchial  cyst  (Gould). 

contents  until  their  walls  become  so  attenuated  as  to  yield  to  accidental 
pressure  and  rupture.  As  they  increase  they  push  aside  the  surrounding 
structures  and,  following  the  direction  of  least  resistance,  find  their  way  to 
the  surface  of  the  organ,  from  which  they  eventually  project.  The  con- 
tents of  such  a  cyst  correspond  originally  with  the  secretion  of  the  gland, 
but  as  time  goes  on  the  retained  fluid  becomes  gradually  changed  and 
more  and  more  aqueous.  Even  in  the  gall-bladder  with  its  viscid  bile 
a  permanent  obstruction  is  apt  to  be  followed  by  a  transformation  of  the 
contents,  which  ultimately  results  in  a  collection  of  a  clear  watery  fluid. 
Occasionally,  for  reasons  not  clear,  the  fluid  in  a  cyst  is  absorbed,  leaving 
the  shrunken  cavity  with  a  small  amount  of  solid  contents,  evidently  the 
sediment  from  the  previously  present  fluid. 


CYSTS.  249 

Cysts  sometimes  form  by  the  dilatation  of  the  alveoli  of  ductless  epithe- 
lial glands,  in  consequence  either  of  overproduction  or  of  diminished  absorp- 
tion of  the  contents.  It  is  doubtful  whether  such  cysts,  occurring  in  the  thy- 
roid, pituitary,  and  adrenals  (?),  should  be  called  retention  cysts  or  whether 
they  should  be  included  in  the  next  class. 

2.  Exudation  Cysts. — These  are  formed  through  the  accumulation  of  fluid 
in  spaces  naturally  without  outlets.  They  are'  for  the  most  part  endothelial- 
lined  serous  spaces.  Such  cysts  develop  from  irritated  bursje  and  form 
"  housemaid' s  knee,"  bunions,  ganglia,  etc.  Such  collections  may  also 
occur  in  the  tunica  vaginalis  testis  and  lead  to  hydrocele. 

Exudation  of  fluid  into  remnants  or  vestiges  of  fetal  structures  some- 
times occasion  the  formation  of  what  Sutton  has  described  as  tubulocysts. 
These  structures  are  chiefly  epithelial  in  character,  but  are  naturally  closed 
and  out  of  service,  and  exist  solely  because  of  the  failure  of  their  natural 
involution.  Such  cysts  occur  from  vestiges  of  the  urachus,  parovarium 
(Wolffian  tubules),  vagina  (Gartner's  duots),  branchial  clefts,  thyrolingual 
duct,  omphalomesenteric  duct,  postanal  gut,  etc.  They  may  be  insignifi- 
cant in  size,  or,  as  in  Ferguson's  case  of  cyst  of  the  urachus,  may  contain 
several  liters  of  aqueouS"  fluid. 

3.  Colliquation  cysts  result  from  softening  of  solid  tissues  by  retrograde 
or  necrotic  processes.  Such  cysts  commonly  form  in  neoplasms  from  myxo- 
matous degeneration,  and  also  occur  in  the  central  nervous  system  after 
hemorrhage,  thrombosis,  and  embolism,  with  softening  of  the  nervous  tissue. 
Colliquation  cysts,  in  consequence  of  their  mode  of  formation,  are  irregular 
in  size  and  shape,  without  lining  membranes,  and  have  varying  contents.  A 
tumor  may  be  honeycombed  throughout  with  cysts  of  this  formation.  The 
older  the  cyst,  the  more  fluid  the  contents  will  be,  and  the  more  aqueous  the 
fluid  will  appear.  Mucus,  pseudomucin,  and  colloid  material  commonly 
occur  in  such  cysts  in  tumors  ;  clear  aqueous  material,  sometimes  with  crys- 
tals of  hematoidin,  in  such  cysts  in  the  brain.  If  formed  by  fatty  metamor- 
phosis of  the  tissue,  the  contents  may  be  fatty. 

4.  Parasitic  Cysts. — In  rare  instances  parasites  may  lodge  within  the 
ducts  of  glands  and  so  occasion  retention  cysts.  More  frequently  the  cysts 
in  which  parasites  are  contained  are  the  result  of  a  reactive  inflammation 
occurring  in  consequence  of  their  presence  in  the  tissues.  Such  cysts  sur- 
round the  trichina  as  it  lies  encysted  in  the  muscles,  and  about  the  embryo 
tape-worms  forming  the  Cysticercus  cellulosa.  Still  more  rarely  the  parasite 
itself  may  form  the  wall  of  the  c\'st,  either  with  or  without  an  additional 
support  of  hyperplastic  connective  tissue.  This  form  of  cyst,  with  daughter 
cysts  within  it,  is  seen  in  the  human  developmental  stage  of  the  Tsenia 
echinococcus. 

The  wall  of  the  echinococcus  is  bluish  white,  laminated,  brittle,  and  has 
a  marked  tendency  to  reverse  itself  and  roll  up  when  torn. 

In  addition  to  the  parasites,  or  such  remains  of  them  as  their  hooklets 
when  the  parasites  are  dead,  the  parasitic  cysts  usually  contain  clear  aqueous 
fluid.  When  the  parasites  are  dead  and  the  contents  of  the  cysts  begin  to 
be  absorbed,  they  frequently  calcify. 

5.  Dermoid  Cysts. — These  peculiar  formations,  sometimes  solid,  sometimes 
cystic,  have  already  been  fully  described  under  the  Teratoid  Tumors  {q.  v.). 
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PARASITISM. 

Parasitism  is  a  peculiar  form  of  vital  association  which  certain  living 
beings  assume  toward  one  another,  in  which  one  called  a  parasite  lives  upon, 
or  within  and  at  the  expense  of  another  called  the  host.  As  the  parasite 
lives  upon  or  within  the  host,  it  must  be  the  smaller  of  the  two.  In  its 
broadest  sense  parasitism  is  difficult  to  define,  as  it  may  be  made  to  apply  to 
birds  depositing  their  eggs  in  other  birds'  nests,  or  to  bees  that  take  up  their 
abode  in  others'  hives,  and  to  many  departures  from  normal  independent  ex- 
istence. 

A  parasite,  in  consequence  of  the  acquired  habit  of  life,  may  lose  the 
power  of  independent  life,  so  that  it  must  die  with  the  host  or  shortly  after. 

Every  degree  of  parasitism  can  be  found,  from  the  pulex  that  lives  in  the 
cracks  of  the  bedstead  or  wall  and  sallies  forth  at  night  to  prey  upon  his 
sleeping  host,— an  example  of  a  doubtfully  parasitic  existence, — the  body-louse 
that  lives  in  the  seams  of  the  clothing  and  preys  upon  the  occupant,  the 
head-louse  that  lives  in  the  hair,  etc. ,  to  the  tape-worm  that  lives  in  the  in- 
testine devoid  of  sense-organs,  of  alimentary  organs,  and  of  circulatory  organs. 

Parasites,  such  as  the  insect  forms  described,  are  in  a  sense  optional  para- 
sites, though  their  mouth-parts  are  so  constructed  that  they  cannot  nourish 
themselves  except  by  the  sucking  of  blood  ;  parasites,  such  as  the  tape-worms, 
are  obligatory  parasites,  because  they  cannot  exist  except  in  the  one  environ- 
ment. 

The  ubiquitous  distribution  of  the  bacteria  and  the  facility  with  which  they 
can  live  everywhere  make  it  somewhat  difficult  to  say  in  how  many  cases 
they  are  truly  parasitic  when  found  in  the  higher  organisms.  Certainly  all 
those  varieties  that  live  with  difficulty  apart  from  the  parasitic  conditions 
may  justly  be  termed  parasites. 

Parasitism,  especially  among  the  bacteria,  is  frequently  an  accident  of 
association — /.  e.,  the  organisms  are  fitted  for  life  under  all  ordinary  condi- 
tions. On  the  other  hand,  among  the  higher  forms,  it  is  a  habitual  mode  of 
existence,  and  the  parasite  may  either  have  surrendered  important  vital  organs 
rendered  useless  by  its  new  mode  of  life,  or  may  have  had  its  mode  of  repro- 
duction modified  in  order  to  insure  progeny  under  the  difficult  and  compli- 
cated conditions  of  its  new  life.  Thus,  the  tape-worm  needs  no  circulatory, 
alimentary,  or  sense  organs,  but  to  insure  permanence  of  its  kind  produces  an 
enormous  number  of  eggs,  very  few  of  which  are  destined  to  find  their  way 
into  the  appropriate  hosts  for  further  development,  and  the  filarial  worms  and 
malarial  parasites  must  form  an  immense  number  of  embryos  before  the 
occasional  nocturnal  mosquito  of  the  appropriate  species  happens  to  take 
them  up  with  the  blood  of  its  victim  and  afford  a  proper  opportunity  for 
■sexual  development. 

Parasitism  is  responsible  for  a  large  number  of  diseased  conditions  to 
which  attention  must  be  devoted.  The  subject  is,  however,  so  extensive 
that  its  thorough  consideration  with  a  satisfactory  description  of  the  para- 
sites would  require  a  whole  volume  in  itself,  and  only  an  introduction  to  the 
subject  can  be  given  in  this  work. 
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Both  animal  and  vegetable  forms  of  life,  upon  occasion,  take  up  their 
residence  in  or  upon  the  human  body  and  derive  their  nourishment  at  its 
expense,  occasioning  inconvenience  and  disease,  sometimes  so  trivial  as  to 
pass  unnoticed ;  sometimes  so  serious  as  to  destroy  life. 

The  parasitic  diseases  are  specific  in  that  they  have  definite  or  specific 
causes  \  and  infectious,  in  that  their  causes  may  be  transferred  from  one 
individual  to  another.     All  infectious  diseases  depend  upon  parasites. 

VEGETABLE  PARASITES. 

Fungi. — Plants  of  low  organization,  destitute  of  chlorophyl  (except  in 
rare  cases),  and  deriving  their  nourishment  wholly  or  almost  wholly  from 
organic  compounds.  This  order  includes  the  mushrooms,  puff-balls,  moulds, 
mildews,  yeasts,  and  bacteria. 

The  vegetable  parasites  belong  to  the  lowest  fungi,  and  are  without  ex- 
ception micro-organisms.  They  include  the  basidiomycetes  (favus  and 
thrush  fungi),  the  mycomycetes  (the  common  moulds),  the  phycomycetes 
(the  mucor  moulds),  the  saccharomycetes  (a  few  yeasts),  and  the  schizo- 
mycetes  (bacteria). 

Basidiomycetes. — Spores  borne  upon  basidia. 

Basidiomycetes. — Achorion  Schoenleinii,  the  fungus  oi  favus  or  tinea  favosa.  This  organ- 
ism, described  by  Schoenlein  in  1839,  is  the  cause  of  favus  in  man,  in  the  domestic  animals, 
and  in  some  birds.  Grawitz  seems  to  have  been  the  first  to  cultivate  it  artificially,  though  Krai 
improved  upon  his  methods.  He  pulverized  the  favus  crusts  in  a  mortar  with  silica  previously 
heated  to  incandescence,  and  from  the  finely  divided  material  thus  secured  melted  agar  tubes 
were  inoculated  and  plates  prepared,  upon  which  colonies  developed  from  single  scattered 
conidia. 

Krai  found  that  the  organism  grew  at  both  the  room  and  the  body  temperature  upon 
agar,  glycerin  agar,  blood  serum,  gelatin,  bouillon,  milli,  malt  infusion,  eggs,  potatoes, 
and  beets.  The  growth  was  slow,  requiring  three  or  four  days,  and  showed  a  marked  prefer- 
ence for  development  beneath  the  surface  of  the  media.  Only  upon  potato  and  beet  was  there 
an  exception  to  this  rule,  and  then  the  surface  growth  is  described  as  a  loop-like  or  gallery-like 
layer  perpendicular  to  the  culture  medium.  There  are  characteristic  moss-like  projections 
from  the  growth,  which  extend  outward  and  dip  into  the  medium.  The  color  of  the  culture 
is  grayish  white  in  the  beginning,  becoming  yellow  white  with  age. 

When  the  growth  is  examined  microscopically,  it  is  found  to  consist  of  a  mycelium  of  non- 
septate  hyphse  of  various  thicknesses,  with  forking  divisions  and  bulbous  ends.  The  hyphae 
often  show  lateral  buds  and  the  so-called  "  yellow  bodies  "  of  Krai.  The  latter  may  be  termi- 
nal or  lateral  upon  the  hyphae  and  contain  a  condensed  cytoplasm  that  probably  escapes 
when,  through  internal  pressure,  the  hypha  ruptures.  It  is  at  such  points  that  the  moss-like 
extensions  form.  About  the  fifth  day  the  formation  of  oidia  occurs,  the  mycelia  dividing  into 
oval  elements  which  remain  attached  to  one  another  for  a  long  time. 

Inoculation  experiments  made  upon  human  beings  were  successful  in  producing  the  dis- 
ease. Plant  asserts  that  it  is  only  the  cultures  containing  conidia  that  are  capable  of  successful 
inoculation. 

Favus  usually  develops  upon  the  head,  the  lesions  occurring  in  the  hair.  It  can  occur 
upon  other  parts  of  the  body,  even  where  no  hair  is  present.  Fabry  has  reported  a  case  of 
favus  of  the  finger-nails  in  which  the  fungus  developed  between  the  cells  of  the  corium  and 
epidermis  (onychomycosis).     Several  cases  of  universal  favus  are  on  record. 

The  lesions  of  favus  vary  in  size  from  a  pin-head  to  a  dime,  are  of  a  sulphur-yellow 
color,  have  a  saucer  shape,  and  are  covered  by  crusts  perforated  by  hairs.  These  crusts 
are  known  as  "  favus  cups,"  and  consist  of  a  mass  of  hyphas  and  conidia  immediately 
beneath  the  homy  layer  of  the  epidermis  in  a  saucer-shaped  depression  in  the  skin.  If  the 
crust  be  separated,  a  moist,  reddened  depression  remains.  The  cup  itself  forms  a  white, 
crumbly  mass,  readily  dissolved  in  water.  If  the  cups  are  not  removed,  they  unite  to  form 
masses,  and  when  the  covering  epidermis  is  shed,  they  appear  as  dry,  yellowish-white,  plaster- 
like masses.  The  hairs  which  they  contain  are  lusterless,  as  if  dusty,  and  are  easily  with- 
drawn. The  fungi  can  be  observed  growing  in  the  shaft  as  well  as  in  the  papilla  of  the  hair. 
The  growth  of  the  fungus  in  the  root  sheath  may  lead  to  exfoliation  of  the  hair ;  in  the 
papilla,  to  atrophy  of  the  root.  A  more  or  less  marked  inflammatory  reaction  usually  occurs 
in  the  tissue  immediately  surrounding  the  roots  of  infected  hairs. 

Mycomycetes. — Mycelium  always  many-celled.  Forming  sporangia, 
conidia,  and  asci. 

Gidiwm  Albicans. — This  organism  is  the  cause  of  a  disease  known  as  thrush  or  soor,  not 
infrequently  making  its  appearance  upon  the  tongue,  buccal  mucous  membrane,  palate,  etc.. 
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of  marantic  infants  and  adults.  The  fungus  seems  to  have  been  first  described  by  Berg,  in 
1840.  It  has  since  been  widely  studied,  though  the  most  important  work  is  that  of  Roux  and 
Linossier. 

The  fungus  is  very  pleomorphous,  varying  according  to  the  specific  gravity  and  chemical 
composition  of  the  media.  The  addition  of  alcohol,  sodium  lactate,  or  mannite  to  the  media 
causes  only  yeast-like  forms  to  be  produced.  In  cane-sugar  preparations  single  threads,  and 
in  gum-arabic  and  dextrin  preparations  more  extended  and  more  numerous  threads,  develop. 
The  developmental  forms  can  be  more  easily  and  permanently  influenced  by  alterations  in  the 
percentage  of  hydrocarbons  in  the  culture  media  than  by  alterations  in  the  nitrogenous  con- 
stituents. The  formation  of  threads  is  also  favored  by  diminution  of  the  oxygen,  increase  of 
the  temperature,  the  addition  of  small  quantities  of  nitrates  and  of  toxic  substances,  or  of  con- 
siderable quantities  of  acids  or  alkalis. 

The  fungus  can  easily  be  cultivated  upon  the  usual  bacteriologic  culture  media  as  well  as 
upon  vegetable  substances,  such  as  potatoes,  beets,  melons,  etc.  It  also  grows  upon  milk  and 
in  gelatmized  beer-wort.  The  conditions  most  favorable  to  development  are  weak  alkalinity, 
abundant  access  of  air,  the  addition  of  sugar  and  nitrogenous  substances  to  the  culture  media 
— peptone,  leucin,  ammonium  tartrate,  glycocoU,  asparagin,  etc.  The  organism  produces  a 
slight  amount  of  fermentation  with  the  evolution  of  a  small  amount  of  alcohol.  The  colonies 
are  pure  white. 

The  microscopic  appearances  vary  greatly.  At  times  the  organism  closely  resembles  the 
yeasts,  and  indeed  at  one  time  it  was  classified  as  a  yeast.  At  other  times,  however,  from  the 
yeast-like  elements  long  cylindric  hyphse,  usually  consisting  of  united  elongated  cells,  from 


Fig.  122. — A  group  of  vaginal  epithelial  cells  overlaid  by  mycelial  threads  and  conidia 
of  Oi'dium  albicans  (Smith  and  Radkey). 


which  numerous  rounded  or  oval  sprouts  are  given  off,  especially  at  the  junctions,  can  be 
observed.     Bulbous  swellings  are  often  present  upon  the  ends  of  the  mycelia. 

In  all  probability  the  organism,  like  its  near  relative,  the  Oidium  laciis,  is  a  frequent  sapro- 
phyte, and  is  able  to  secure  a  footing  in  living  tissues  only  when  the  vitality  of  the  individual 
is  reduced  and  the  immunity  of  his  mucous  membranes  partly  destroyed.  For  this  reason  it 
is  usually  met  with  in  cases  of  infantile  marasmus  and  in  adults  suffering  from  such  wasting 
diseases  as  typhoid  fever,  tuberculosis,  etc.  It  is  most  frequently  observed  in  the  mouth  (see 
Mycotic  Stomatitis),  where  it  forms  milk-whjte  patches  surrounded  by  hyperemic  zones  upon 
the  mucous  membranes.  The  fungus,  descending  into  the  epithelium  and  sometimes  into  the 
subjacent  connective  tissues,  causes  inflammatory  infiltration  and  superficial  necrosis.  When 
removed  by  divulsion,  an  abraded  surface  is  left.  ^ 

Though  most  frequent  in  the  mouth,  the  disease  has  been  observed  in  the  esophagus,  intes- 
tine, vulva,  nasal  cavities,  and  middle  ear.  It  has  also  been  observed  in  an  abscess  of  the 
liver  and  in  metastatic  abscesses  of  the  brain. 

Trichophyton  Tonsurans. — Closely  related  to  the  OTdium  lactis  is  the  Trichophyton  ton- 
surans, the  parasite  of  "  barber's  itch."  It  is  probably  a  common  saprophyte  which,  as  oppor- 
tunity presents  itself,  takes  up  a  parasitic  existence  upon  the  skin. 

The  fungus  can  be  isolated  arid  cultivated,  and  can  be  inoculated  upon  the  skin  with  result- 
ing disease  (ringworm).  It  grows  well  at  the  room  and  incubator  temperatures  upon  the 
ordinary  bacteriologic  culture  media,  forming  a  white  tuft,  yellow  underneath.  The  growth 
consists  of  mycelia  divided  into  hyph*  and  forming  abundant  conidia. 

When  parasitic,  the  organism  may  grow  upon  any  part  of  the  skin,  though  by  preference 
upon  the  hairy  parts.  It  penetrates  the  shaft  of  the  hairs,  causing  them  to  become  brittle. 
When  upon  the  head  ( Tinea  tonsurans  cafillitii),  it  causes  rounded  bald  areas  of  various  size 
and  scaly,  red  appearance,  from  which  short  hairs  stick  up  here  and  there.  Sometimes  small 
papules,  pustules,  and  crusts  appear  if  the  fungi  penetrated  the  hair  follicles.     When  the  skin 
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is  free  from  hair,  the  disease  {Tinea  tonsurans  vesUulosus  or squamosus)  appears  as  red  patches 
with  a  vesicular  or  scaly  appearance.  The  patches  spread  rapidly  to  new  areas,  sometimes 
healing  in  the  first  affected  areas  while  spreading  to  the  new  ones.  The  organism  multiplies 
between  the  horny  layer  and  cellular  layers  of  the  epidermis. 

Occasionally  the  parasites  grow  about  the  finger-nails,  producing  Onychomycosis  tricho- 
fhytina.  The  nails  are  clouded  and  opaque,  become  scaly  and  brittle,  and  the  roots  are 
hyperemic  and  inflamed. 

Microsporon  furfur. — This  fungus,  the  cause  of  pityriasis,  mycosis  versicolor,  tinea  versi- 
color or  dermatomycosis  furfuracea,  was  first  observed  in  1846  by  Eichstedt.  It  appears  in 
the  form  of  delicate  threads  with  conidia  a  little  smaller  than  those  of  the  fungi  already 
described.  Its  cultivation  has  probably  not  yet  been  satisfactorily  accomplished,  though  Spiet- 
schl^a  claims  to  have  achieved  it. 

Upon  the  skin  it  causes  the  formation  of  pale-brownish  or  yellowish  discolorations,  more 
or  less  circumscribed,  and  varying  in  size  from  mere  dots  to  extensive  areas.  The  disease 
occurs  on  the  trunk  and  limbs,  never  upon  the  hands  and  face. 

Microsporon  m.inutissimum. — This  organism  is  the  cause  of  the  disease  known  as  erythrasma. 
It  is  characterized  by  the  small  size  of  its  mycelia  and  conidia.  Its  successful  cultivation  was 
claimed  as  early  as  1851  by  de  Michelj,  who  described  cultures  growing  upon  potato,  agar,  and 
gelatin  as  forming  wine-red  or  reddish-brown  tufts.  He  also  claimed  positive  results  from 
human  inoculations.  As  seen  in  culture,  the  delicate  mycelia  are  either  simple  or  branched, 
and  form  chains  of  short  individuals.  Bulbous  formations  frequently  seen  upon  tips  of  the 
mycelia  are  probably  incomplete  sporangia. 

Aspergillus. — Several  species  of  this  beautiful  fungus  are  known  to  be 
pathogenic,  all  of  them  being  saprophytic  forms  whose  spores  are  not  un- 
common in  the  air,  and  accidentally  find  their  way  into  the  body. 

The  organism  is  characterized  by  a  loose  thallus,  consisting  of  divided 
mycelia  which  bear  two  kinds  of  fruit  upon  special  hyphse.  The  usual  fruc- 
tification is  by  the  formation  of  conidia.  The  fruit-bearing  hyphae  are 
elongate  and  terminate  in  club-shaped  or  rounded  expansions,  from  which 
the  sterigma  or  conidiophores  project  radially  in  all  directions.  The  conidia 
are  round  and  form  upon  the  ends  of  the  sterigma.  The  result  of  this 
arrangement  is  a  fruit  which  looks  not  unlike  the  head  of  a  seeding  onion. 
The  conidiophores  have  various  colors,  which  usually  determine  the  name 
of  the  species ;  thus,  Aspergillus  niger,  A.  flavus,  etc. 

In  addition  to  this  asexual  sporulation,  sexual  spores  (ascospores)  are 
occasionally  formed.  A  special  hypha  is  observed  to  terminate  in  a  spirally 
twisted  end  which  is  to  become  the  oogonium.  Just  behind  the  spiral  sev- 
eral branches  grow  out  and  embrace  it.  One  of  these,  the  antheridium  or 
male  cell,  curves  down  upon  the  oogonium,  whose  cell  membrane  disappears 
when  the  male  cell  touches  it,  and  the  union  of  the  substance  of  the  two  cells 
results  from  the  conjugation.  The  conjoined  cells  now  become  covered  by 
a  rounded  cellular  membrane  (the  perithecium),  and  proceed  to  transform 
themselves  into  eight  spores  (ascospores)  which  when  ripe  are  liberated  by 
rupture  of  the  perithecium.  The  ascospores  thus  formed  differ  from  the 
conidia  spores  in  that  they  are  not  qualified  for  immediate  development,  but 
require  an  interval  of  rest ;  they  may,  therefore,  be  looked  upon  as  the  per- 
manent spores  of  the  mould. 

When  the  organism  grows  under  unfavorable  circumstances,  no  fruit  is 
produced,  though  the  mycelium  develops  readily.  The  typical  character-* 
istics  of  the  fungi  when  artificially  set  aside  are  not  permanently  altered. 
A.  Frankel  frequently  transplanted  a  culture  of  Aspergillus  fumigatus  for  six 
months,  keeping  it  all  the  time  at  51°  C.  During  the  entire  time  it  produced 
only  sterile  mycelia ;  but  when  it  was  again  returned  to  the  temperature  of 
37°  C,  it  at  once  began  to  form  spores  in  a  perfectly  natural  manner,  and 
when  injected  into  animals,  showed  its  original  virulence. 

The  aspergilli,  in  common  with  the  higher  fungi,  possess  the  power  of 
storing  up  reserve  stuffs  for  future  use  and  assuming  permanent  forms.  The 
form  in  which  this  deposition  occurs  is  that  of  firm,  nodular,  parenchymatous 
bodies,  which  consist  exclusively  of  united  mycelial  threads  surrounded  by  a 
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dense,  dark-colored  membrane.  Such  bodies  are  called  sderotia.  The  food 
material  is  stored  up  in  the  mycelial  meshwork,  and  is  utilized  by  the  mycelia 
when  they  begin  to  grow  afresh  under  new  and  favorable  conditions. 

Aspergillus  flavus  or  flavescens. — The  conidia  are  yellow,  yellow-brown,  or  brown, 
measure  5  to  7  ji  in  diameter,  and  have  a  warty  appearance.  The  sclerotia  are  very  small  and 
black.     The  organism  grows  best  at  -H  28°  C. 

Aspergillus  fumigatus. — This  species  forms  a  blue-gray  mass  much  resembling  the  common 
penicillium  in  appearance.  The  conidiophores  are  short,  terminating  in  hemispherical  ends. 
Their  diameter  is  about  8  to  20  yn.  From  the  conidiophore  spike-like  sterigma  project  in  all 
directions,  bearing  round,  smooth,  colorless  conidia  2.5  to  3  ^  in  diameter.  Sclerotia  are  not 
known.     The  organism  grows  best  between  37°  and  40°  C. 

Aspergillus  niger. — This  forms  dark-brown  mycelial  masses.  The  terminations  of  the 
conidiophores  are  spherical.  The  sterigma  are  2  to  100  ju,  long,  handle-shaped,  and  branched. 
The  conidia  are  round,  and  when  ripe,  black  brown.  They  measure  3.5  to  5  ^  in  diameter. 
The  sclerotia  are  as  large  as  a  grape  seed  and  brown  red  in  color.  The  optimum  temperature 
is  34°  to  35°  C. 

Other  described  species  whose  differential  characteristics  are  slight  are  A.  ocraceus,  albus, 
clavatus,  oryzeas,  nidulans,  subfuscus,  etc. 

The. pathogeny  of  the  aspefgillus  fiingi  is  varied  and  uncertain.  The  Aspergillus  niger  not 
infrequently  excites  a  suppurative  inflanimation  in  the  external  and  middle  ear  of  man.  The 
fungus  under  these  circumstances  forms  its  fruit  only  near  the  exterior  of  the  auditory  me- 
atus, and  within  the  ear  forms  mycelia  only. 

Leber  and  others  have  observed  Aspergillus  fumigatus  growing  in  the  cornea  and  exciting 
purulent  keratitis. 

The  most  interesting  and  most  serious  result  of  the  pathogenic  action  of  the  fungus  is  its. 
development  in  the  internal  organs  of  the  body,  especially  the  lung,  where  it  leads  to  what  is 
called  aspergillosis,  or  when  the  lung  is  chiefly  affected,  pneumomycosis  aspergillosis.  This 
affection  seems  to  be  chiefly  caused  by  the  Aspergillus  fumigatus,  though  Aspergillus  niger 
and  Aspergillus  glaucus  have  also  been  found.  The  disease  is  most  frequent  in  birds,  chickens, 
ducks,  pigeons,  parrots,  swans,  pheasants,  flamingoes,  etc.  It  also  occurs  in  mammals  (horses 
and  cattle),  rarely  in  man.  When  the  disease  does  occur  in  human  beings,  it  is  chiefly  in 
those  whose  lungs  are  already  markedly  diseased  and  whose  vital  resistance  is  greatly  dimin- 
ished by  tuberculosis  or  other  local  disease. 

Whether  in  birds  or  in  mammals,  the  disease  is  characterized  by  purulent  focal  inflamma- 
tions in  the  lungs  or  other  tissues,  and  a  purulent  and  necrotic  pseudomembrane  upon  the 
bronchial,  tracheal,  and  other  mucous  membranes  upon  which  it  grows.  The  appearance  of 
the  pulmonary  lesions  sometimes  resembles  tubercle,  sometimes  actinomycosis. 

Experimentally,  the  pneumomycosis  aspergillosis  is  easily  produced  in  birds  (pigeons,, 
geese,  etc.)  by  compelling  them  to  inhale  aspergillus  spores  for  a  few  minutes,  after  which, 
they  usually  die  of  pneumonia  in  a  few  days. 

Olsen  and  Gade  found  it  easy  to  kill  rabbits  by  the  injection  of  100,000,000  or  more  spores 
into  a  vein.  Fewer  spores  failed  to  produce  death,  though  there  were  abundant  lesions  which 
recovered.  The  spores  always  seemed  to  germinate,  though  the  life  of  the  fungus  was  probably 
short  and  its  pathogenesis  limited. 

The  eurotium  and  penicillium  are  interesting  though  common  mould 
fungi  included  among  the  perisporacea,  but  not  requiring  description  here, 
as  they  have  not  thus  far  been  found  to  cause  disease. 

Phycomycetes  resemble  algae,  but  are  destitute  of  chlorophyl ;  the  mycelia 
are  unicellular  at  first  and  sometimes  become  septate.  Reproduction  is  by 
sexual  spores  or  conidia ;  sometimes  swarm  spores  are  formed. 

Mucor. — The  mucors  rarely  occur  parasitically  upon  animals,  in  spite  of 
the  fact  that  they  are  widely  distributed  in  the  air  and  readily  grow  upon 
nitrogenous  and  carbohydrate  substrata. 

They  are  characterized  by  the  formation  of  undivided  mycelial  threads, 
forming  a  dense  meshwork.  The  mycelia  are  colorless,  and  the  appearance  of 
the  mould  is  at  first  white,  turning  gray  and  often  brown  as  fructification  pro- 
gresses. The  fruit-bearing  hyphse  are  separated  from  the  mycelium  at  the  time 
of  fructification,  though  they  remain  firmly  attached  to  the  main  stalks. 
They  are  elongate  and  usually  ascend  into  the  air,  though  in  some  species  they 
show  interesting  curves.  They  terminate  in  more  or  less  spherical  sporangia, 
into  which  they  extend  as  columella.  The  sporangium  is  surrounded  by  a. 
tough  membrane  which  readily  softens  in  water.  Within  the  sporangium  a 
large  number  of  round  or  oval  spores  (conidia)  are  formed,  which  scatter  whea 
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the  membrane  ruptures.  The  sporangia  are  sometimes  black  when  ripe,  and 
nearly  always  have  a  dark  color. 

Under  certain  conditions  sexual  fructification  as  well  as  the  formation 
of  asexual  conidia  may  be  observed.  This  is  accomplished  by  the  symbiosis 
of  two  branches  of  the  mycelia,  one  of  which  plays  the  part  of  oogonium, 
the  other  that  of  antheridium.  The  result  of  the  symbiosis  is  the  formation 
of  zygospores. 

When  the  mucors  are  forced  to  grow  below  the  surface  of  a  liquid,  they 
frequently  assume  an  oidium-like  appearance  and  ^cease  to  form  fruit  hyphse 
and  sporangia. 

Many  forms  of  mucors  are  known — Mucor  mucedo,  racemosus,  stolinifer, 
macrocarpus,  fusiger,  aspergillus,  phycomyces  melitiophtorus,  rhizopodi- 
formus,  and  corymbifer  having  found  places  in  most  books  paying  particular 
attention  to  the  subject. 

Only  Mucor  rhizopodiformis  and  Mucor  corymbifer  have  been  described 
as  causes  of  disease. 

Mucor  rhizopodiformis . — This  species  is  characterized  by  a  peculiar  curve  of  the  fruit 
hyphse,  which  ascend  from  the  thallus  toward  the  free  air,  then  curve  down  again  toward  the 
base.  At  the  point  of  origin  of  the  conidiophores  small  processes  are  given  off.  These  are 
short  and  straight,  root-like  in  appearance,  and  give  the  name  to  the  fungus.  The  sporangia 
are  dome-like  at  the  distal  surface  and  contracted  near  their  attachments.  The  spores  are 
colorless.     Cultures  of  this  species  give  off  a  pleasant,  fruit-like  odor. 

Mucor  corymbifer. — In  this  species  the  mycelia  are  gray  white.  The  conidiophores  do  not 
ascend  perpendicularly,  but  are  widely  extended  and  hang  down.  The  hyphse  bearing  the 
sporangia  branch.  The  sporangia  are  top-shaped  and  colorless.  The  spores  are  also  colorless, 
very  small,  and  somewhat  elliptic  in  shape. 

The  mucors  occasionally  make  their  appearance  in  the  external  ear  of  man  and  occasion 
inflammation.  Paltauf  has  observed  a  case  of  generalized  mucor  infection  in  man.  The  man 
was  a  day-lab*orer  who  died  with  enteritis,  circumscribed  peritonitis,  ulcers  of  the  intestines, 
focal  areas  of  pneumonia  in  the  lungs,  abscesses  of  the  brain,  and  phlegmonous  inflamma- 
tion of  the  pharynx  and  larynx.  In  all  the  lesions  Paltauf  was  able  to  demonstrate  the 
presence  of  the  mycelia,  and  in  the  lung  the  fructification  of  a  mucor  which  he  supposed  to 
be  Mucor  corymbifer. 

The  injection  of  the  spores  of  the  mucors  into  the  ear  vein  or  into  the  peritoneal  cavity  of 
rabbits  causes  death,  with  distribution  of  the  fungi  throughout  the  body  and  the  appearance 
of  their  mycelia  in  the  kidneys,  lungs,  liver,  etc.     Dogs  are  immune  against  the  mucors. 

Blastomycetes. — The  saccharomycetes  or  yeasts  have  up  to  the  present 
time  attracted  little  attention  as  etiologic  factors  of  disease,  though  to  the 
chemist  and  brewer  they  are  of  the  greatest  importance,  and  many  species 
have  been  cultivated  and  studied.  The  best  known  are  Saccharomyces  cerevisia 
et  vini. 

The  blastomycetes  are  microscopic,  spherical  or  ovoid,  chlorophylless, 
unicellular,  vegetable  organisms,  whose  chief  peculiarity  is  reproduction  by 
budding.  From  one  or  both  ends,  or  sometimes  from  sides  of  the  cells, 
small  buds  make  their  appearance,  gradually  increasing  until  a  considerable 
size  is  attained,  when  the  daughter  cell  is  detached  and  takes  up  an  inde- 
pendent existence.  In  some  cases  the  daughter  cells  remain  adherent  to  the 
parent  cells,  even  after  they  have  themselves  begun  to  bud.  The  structure 
of  a  yeast  plant  is  exceedingly  simple,  and  consists  of  a  protoplasmic  body 
surrounded  by  a  double-contoured  capsule.  Sometimes  the  cytoplasm  con- 
tains drops  of  :fat,  granules,  and  vacuoles.  The  existence  of  a  definite 
nucleus  is  doubtful.  Under  certain  conditions  the  )'east  cells  sometimes 
develop  into  long  cylindric  hyphse,  suggesting  the  m)  celial  threads  of  the 
"moulds.  These  most  frequently  occur  in  old  cultures  upon  the  surface  of 
liquids  and  in  contact  with  the  air.  This  hypha  formation  suggests  close 
relationship  with  the  oidia  on  the  one  hand,  and  through  the  genus 
Fhragmidiothrix  with  the  bacteria  and  yeasts  on  the  other  hand. 

Hansen  has  also  shown  that  the  yeasts  not  only  multiply  by  gemmation, 
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but  also  by  sporulation  (formation  of  ascospores)  and  that  it  is  probably  by 
means  of  these  that  the  species  secures  permanence.  He  found  that  the 
spores  are  produced  only  by  young  and  vigorous  cells ;  that  they  are  pro- 
duced only  upon  moist  surfaces  plentifully  supplied  with  air,  and  that  the 
temperature  most  favorable  for  this  formation  is  25°  C.  By  a  careful  study 
of  the  germination  of  the  spores,  Hansen  was  able  to  divide  the  saccharo- 
mycetes  into  three  groups  :  • 

In  the/w^,  to  which  S.  cerevisias  belongs,  the  first  stages  of  germination  are  attended  by 
so  marked  a  degree  of  expansile  force  upon  one  another  while  still  inclosed  in  the  mother  cell 
as  to  lead  to  the  formation  of  what  are  described  as  partition  walls  in  the  cell.  This  partition 
wall  at  first  consists  of  the  spore  walls  with  the  mother  plasm  squeezed  between  them.  Dur- 
ing further  development,  however,  a  complete  union  of  the  walls  takes  place,  so  that  a  true 
partition  wall  results  ;  the  cell  then  becomes  a  compound  spore  divided  into  several  chambers. 
During  germination  the  spores  swell  and  the  wall  of  the  mother  cell,  which  originally  was 
moderately  thick  and  elastic,  stretches  and  consequently  grows  thinner.  It  is  finally  ruptured, 
and  then  remains  as  a  loose  or  shriveled  skin  partially  covering  the  spores,  or  it  may  gradu- 
ally dissolve  during  germination.  Budding  can  occur  at  any  point  on  the  surface  of  the 
swollen  spores.  After  buds  have  formed  the  spores  may  remam  connected  or  they  may  soon 
be  detached  from  each  other. 

The  second  \.^-g>e  occurs  in  the  case  of  S.  Ludwigii,  when  fusion  takes  place  in  the  very  first 
stages  of  germination ;  in  each  case,  however,  it  is  the  new  formations  and  not  the  spores 
which  grow  together.  These  new  formations  are  further  distinguished  from  the  previous  type 
in  that  they  are  not  yeast  cells,  but  mycelium-like  growths  (promycelium ).  The  development  of 
yeast  cells  takes  place  from  this  promycelium,  a  sharp  partition  wall  being  first  formed  ;  the  cell 
is  then  detached  and  its  ends  finally  rounded.  At  the  ends  of  these  cells  buds  are  developed, 
and  these  also  split  off  at  the  partition  walls.  In  the  case  of  the  older  spores  this  curious 
fusion  is  more  uncommon.     Some  germ  filaments  develop  into  a  branched  mycelium. 

The  thiri  type,  which  occurs  in  S.  anomalus,  is  distinguished  from  the  former  in  that  the 
spores  are  of  quite  a  different  shape.  They  are  also  semi-spherical,  with  a  rim  at  the  base. 
During  germination  the  spore  swells  and  the  projecting  rim  may  either  remain  or  disappear. 
Buds  then  make  their  appearance  at  different  points  on  the  surface  of  the  spore. 

In  addition  to  the  ascospores,  Will  has  observed  what  he  describes  as  "  durative  cells." 
They  are  round  or  oval  cells  with  thick  membranes,  and  contain  a  number  of  small  oil  drops. 
When  they  germinate,  globular  or  elongate  yeast  cells,  singly  or  in  large  numbers,  are  formed. 
Sometimes  peculiar  club-shaped  cells  are  formed  from  them.  They  are  regarded  as  "  durative 
cells,"  because  they  are  most  numerous  in  old  cultures,  and  have  been  found  alive  after  all  the 
other  cells  have  died. 

The  common  forms  of  yeast  seem  to  be  devoid  of  pathogenic  powers,  and 
when  injected  into  animals,  produce  no  results.  Raum  found  that  the  in- 
travenous injection  of  some  species  caused  dyspnea,  fever,  subnormal  tem- 
perature, collapse,  and  death.  No  lesions  were  observed  except  the  obstruc- 
tion of  the  pulmonary  blood  vessels  by  the  accumulated  yeast  cells. 

Rabinowitsch  also  succeeded  in  showing  that  in  large  doses  various  yeasts 
were  pathogenic  for  small  laboratory  animals. 

Many  writers  at  the  present  time  seem  convinced  that  the  Russell  fuchsin 
bodies  in  carcinoma,  the  bodies  of  Sanfelice,  Mafucci  and  Sirleo,  Rufifer 
and  Walker,  Walker  and  Plimmer,  and  Plimmer,  all  belong  to  the  blasto- 
mycetes,  and  speak  of  them  as  pathogenic  yeasts.  It  cannot  be  said  that 
there  is  any  considerable  evidence  in  favor  of  this  view,  and  it  is  extremely 
doubtful  whether  the  bodies  seen  in  carcinoma  cells  are  blastomycetes,  and 
still  more  questionable  whether  the  cultures  supposed  to  have  been  made 
from  the  tumors  are  identical  with  the  microscopically  demonstrable  bodies. 
It  is  not  impossible  that  yeasts  might  be  accidentally  present  in  carcinomata, 
just  as  bacteria  commonly  are,  but  that  they  are  the  cause  is  by  no  means 
demonstrated.  None  of  the  inoculations  made  with  the  well-known  varie- 
ties of  yeasts  has  been  productive  of  any  tumor-like  developments,  and 
those  resulting  from  the  inoculation  of  Plimmer's  cultures  did  not  resemble 
the  tumors  from  which  they  were  obtained. 

Busse  claims  to  have  discovered  a  pathogenic  yeast  in  the  giant  cells  of 
osteosarcoma,  to  have  cultivated  it  and  successfully  inoculated  it  into  ani- 
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mals.     It  always  maintained  its  yeast  form.     Its  inoculation  into  animals, 
however,  was  followed  by  suppuration,  not  by  sarcoma. 

One  of  the  most  interesting  as  well  as  truly  pathogenic  effects  which  may 
follow  blastomycetic  infection  is  found  in  the  cases  of  blastomycetic  derma- 
titis described  by  Gilchrist.  The  fungi  present  appeared  as  good-sized  oval, 
disk-like  bodies,  highly  suggestive  of  yeasts  and  tailing  to  take  any  of  the 
ordinary  stains. 

Schizomycetes  or  Bacteria. — The  bacteria,  are  unicellular  vegetable  or- 
ganisms of  simple  structure  and  of  exceedingly  minute  dimensions.  They 
are  all  microscopic,  and  many  of  them  are  so  small  that  the  highest  powers 
of  the  microscope  give  us  only  the  most  inadequate  idea  of  them.  The 
bacteria  are  the  smallest  known  living  things.  Indeed,  we  are  daily  be- 
coming more  and  more  convinced  that,  beyond  the  defining  power  of  our 
microscopes,  there  are  organisms  too  small  to  see,  known  to  us  only  by  their 
effects. 

Bacteria  are  in  all  probability  the  most  important  enemies  with  which 
the  higher  animals  have  to  cope.  Their  distribution  is  so  universal,  their 
capacity  for  enduring  unfavorable  conditions  so  pronounced,  their  multipli- 
cation subject  to  so  few  limitations,  and  their  products  so  frequently  detri- 
mental, that  there  is  scarcely  an  individual  among  the  higher  organisms,  and 
particularly  among  the  warm-blooded  animals,  that  does  not,  during  some 
part  of  his  life,  become  their  victim.  Indeed,  it  might  be  well  said  that  that 
individual  is  fortunate  who  escapes  death  from  them. 

There  are  probably  no  forms  of  life  so  widely  distributed  in  nature  as 
the  bacteria.  The  soil  has  an  extensive  flora,  waters  of  nearly  all  kinds  con- 
tain numbers  of  them,  the  bodies  of  animals  are  habitually  infected  by  them, 
and  from  these  bodies  they  are  continually  being  discharged  upon  fresh  soil  and 
into  new  waters.  Indeed,  many  of  the  familiar  operations  that  go  on  about 
us,  and  upon  which  we  have  long  ceased  to  look  with  surprise,  are  the  work 
of  bacteria.  Thus,  the  putrefaction  and  dissolution  of  animal  matter  de- 
pend essentially  upon  bacteria.  Many  of  the  fermentative  processes  that 
go  on  in  carbohydrates  are  the  work  of  bacteria.  The  formation  of  cheese 
is  in  part  the  work  of  bacteria.  The  ripening  of  cream  preparatory  to 
making  butter  is  accomplished  partly  by  bacteria.  Many  of  the  familiar 
diseases  depend  upon  bacteria,  and  we  find  these  microscopic  entities  on 
every  hand,  sometimes  performing  benign  offices  for  us,  sometimes  afflicting 
us  with  most  malignant  disease. 

The  importance  of  bacteria  in  medicine,  hygiene,  chemistry,  and  the  arts 
has  stimulated  careful  research  concerning  them  in  all  these  departments, 
and  has  brought  together  the  information  and  technic  of  investigation  which 
we  speak  of  as  bacteriology .  At  one  time  all  that  was  known  of  the  subject 
could  be  told  in  a  chapter  of  a  text-book,  but  at  present  the  student  must 
be  referred  to  text-books  upon  bacteriology  for  any  adequate  knowledge  of 
it.  The  bacteria  were  thought  by  Leeuwenhoek,  Ehrenberg,  Dujardin,  and 
others  to  be  animalculse  belonging  to  the  infusoria,  and  were  consequently 
placed  by  them  in  the  animal  kingdom.  All  their  characteristics  indicate 
that  they  are  vegetable  forms,  however,  and  now  that  our  present  knowledge 
of  them  has  advanced  so  widely,  we  unhesitatingly  place  them  among  the 
lowest  orders  of  the  thallophytae.  Their  exact  position  is,  however,  purely 
speculative,  and  our  classifying  them  among  the  fungi  is  to  be  looked  upon 
as  provisional,  as  it  is  characteristic  of  the  fungi  that  they  contain  no  chloro- 
phyl,  which  the  bacteria  frequently  do.  Whether,  therefore,  it  is  more 
correct  to  place  them  among  the  fungi  or  among  the  algae,  or  to  make  for 
them  a  separate  group,  is  doubtful,  and  probably  cannot  be  determined  until 
our  knowledge  of  their  biology  undergoes  further  progress.  It  is  customary 
17 
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to  differentiate  the  bacteria  from  the  moulds  and  yeasts  by  using  the  term 
schizomycetes  as  referring  to  the  whole  group. 

The  classification  of  the  bacteria  themselves  is  almost  as  difficult  with  the 
knowledge  we  now  possess  of  their  biology  as  properly  to  place  them  in  the 
general  system.  Various  attempts  have  been  made,  nearly  all  the  morpho- 
logic peculiarities  being  seized  upon  as  differential  features.  Probably  the 
best  and  most  scientific  system  is  that  of  Migula,  a  slight  modification  of 
which  is  as  foUov.s  : 

I.  Family  Coccacese.— Cells  globular,  becoming  slightly  elongate  before  division,  which 
takes  place  in  one,  two,  or  three  directions  of  space.     Formation  of  endospores  very  rare. 

1.  Streptococcus.— \yvi\Ao-a.  in  one  direction  of  space,  only,  producing  chains  of  organisms 
like  strings  of  beads.     No  flagella. 

2.  Micrococcus.— D'mviaxi.  in  two  directions  of  space,  so  that  fours  or  tetrads  are  otten 
formed.     No  flagelja.  •  /■  ■         r  u  1 

3.  5am»a.— Division  in  all  three  directions  of  space.  Leading  to  the  formation  of  bale- 
like packages  of  cocci.     No  flagella. 

4.  /•/a«oco«M.— Division  in  two  directions  of  space,  like  micrococcus.     Flagellated. 

5.  Pianos arcina.—Uivhion  in  three  directions  of  space,  and  like  sarcina,  but  provided  with 
flagella. 

II.  Family  Bacterlaces9.— Cells  more  or  less  elongate,  cylindnc,  and  straight.  Never 
form  spiral  windings.     Division  in  one  direction  of  space  only,  transverse  to  the  long  axis. 

1.  Bacterium. — Without  flagella.     Occasional  endospores. 

2.  Bacillus.— ¥\dige\\a.  arising  from  all  parts  of  the  surface.     Endosporulation  usual. 

3.  Pseudomonas. — Flagella  attached  only  at  the  ends  of  the  cells.     Endosporulation  rare. 

III.  Family  Splrlllaceae.— Cells  spirally  twisted  like  a  corkscrew,  or  short  and  curved 
and  representing  segments  of  the  spiral.     Division  transverse  to  the  long  diameter. 

1.  Spirosoma. — Rigid.     Without  flagella. 

2.  Mlcrospira.—'Ki%\A.     One,  two,  or  three  undulating  flagella  attached  to  the  ends. 

3.  Spirillum. — Rigid.  From  five  to  twenty  semi-circular  or  undulating  flagella  attached 
to  the  ends. 

4.  Spirockceta. — Serpentine  and  flexile.  Flagella  not  observed.  Movement  probably 
accomplished  by  means  of  an  undulating  membrane. 

IV.  Family  Mycobacterlaceas. — Cells  forming  more  or  less  elongate,  cylindric  filaments, 
often  clavate-cuneate  or  irregular  in  form.  No  endospores,  but  formation  of  gonidia-like 
bodies  due  to  segmentation  of  the  cells.  No  flagella.  Division  transverse  to  the  long  diam- 
eter.    Not  surrounded  by  a  sheath  as  in  chamydobacteriaceae. 

1.  Mycobacterium. — Cells  in  their  usual  form,  short  cylindric  rods,  often  bent  and  irregu- 
larly cuneate.  At  times  Y-shaped  forms  or  longer  filaments  with  true  branchings.  Some- 
times produce  short  coccoid  elements,  perhaps  gonidia.  (This  genus  includes  the  corynebac- 
terium  of  Lehmann-Neumann.) 

2.  Actinomyces. — Cells  in  their  ordinary  form  occur  as  long  branched  filaments.  Produce 
gonidia-like  bodies.  Cultures  usually  have  a  mouldy  appearance,  due  to  the  development  of 
aerial  hyphse. 

V.  Family  Cbamydobacterlacese. — Vary  in  different  stages  of  their  development.  Char- 
acterized by  a  surrounding  sheath  about  both  branched  and  unbranched  threads.  Division 
transverse  to  the  length  of  the  filaments. 

1.  Cladothrix. — Characterized  by  /Jtfz^i/o-dichotomous  branchings.  Division  only  trans- 
verse. Multiplication  by  the  liberation  of  whole  branches.  Transplantation  by  means  of 
flagellated  swarm  spores  which  are  actively  motile. 

2.  Crenothrix. — Cells  united  in  unbranched  threads,  which  in  the  beginning  divide  trans- 
versely only.  Later  the  cells  divide  in  all  three  directions  of  space.  The  products  of  final 
division  become  spherical  and  serve  as  reproductive  elements. 

3.  Phragmldiothrix. — Cells  at  first  united  into  unbranched  threads.  Division  in  all  three 
directions  of  space.  Late  in  development,  by  the  growth  of  certain  cells  through  the  delicate, 
closely  approximated  sheath,  branched  forms  are  produced. 

4.  Thiothrix. — Unbranched  cells  inclosed  in  a  delicate  sheath.  Non-motile.  Division  in 
one  direction  of  space.     Cells  contain  sulphur  grains. 

VI.  Family  Beggiatoacese. — Cells  united  to  form  threads,  which  are  not  surrounded  by  an 
inclosing  sheath.  The  septa  are  scarcely  visible.  Division  transversely  only.  Motility 
accomplished  through  an  undulating  membrane. 

Beggiatoa.  — Cells  contain  sulphur  grains. 

While  on  all  sides  admitted  to  be  the  best  biologic  and  scientific  classifi- 
cation of  the  bacteria  yet  achieved,  Migula's  nomenclature  has  not  met 
with  universal  acceptance,  and  doubtless  it  will  take  a  long  time  before  the 
old  names  and  terms,  for  which  we  have  a  kind  of  sentimental  fondness,  can 
be  replaced  by  the  more  correct  ones. 
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At  the  present  time,  therefore,  we  speak  of  any  small  spherical  bacterium 
as  a  coccus  or  micrococcus.  If  it  divide  in 'one  direction  and  the  individuals 
cling  together  in  pairs,  it  is  called  diplococcus ;  if  in  rosary-like  chains, 
streptococcus.  If  the  division  is  in  two  directions  of  space  and  the  individ- 
uals remain  attached,  the  little  groups  are  frequently  called  tetracocci ;  the 
larger  groups,  merismopedia.  Division  in  three  directions  gives  us  cubical 
aggregations  which  can  aptly  be  compared  to  bales  of  goods  tightly  bound  ; 
this  is  known  as  sarcina.  It  commonly  happens  that  the  division  of  the 
cocci  occurs  without  definite  relationship  or  arrangement  of  the  resulting 
cocci,  which  form  irregular  clusters  as  well  as  strings  and  pairs.  This  variety 
is  commonly  spoken  of  as  staphylococcus. 

The  majority  of  the  cocci  are  very  small.  Few  are  motile,  very  few  being 
flagellated.  Sometimes  individual  cocci,  sometimes  definite  clusters  of  them, 
swim  rapidly.  Occasionally  chains  of  streptococci  swim  with  an  undulating 
movement.  The  formation  of  endospores  is  rare  among  the  cocci,  though 
■  arthrospores  are  said  to  be  common.  "  Cohn  was  the  first  to  observe  that 
sometimes  single  cells  that  become  detached  from  a  filamentous  bacterium, 
or  that  are  set  free  by  the  breaking-up  of  the  filament,  do  not  possess  the 
character  of  ordinary  vegetative  cells,  but  rather  resemble  the  gonidia,  co- 
nidia,  or  spores,  such  as  are  found  in  some  algae  or  moulds,  and  Hueppe  and 
De  Bary  subsequently  showed  that  in  many  bacterial  species  single  members 
of  a  chain  may  acquire  the  resisting  properties  and  the  function  of  the  rest- 
ing stage.  For  distinction  these  were  called  arthrospores.'''  .  .  .  "  It 
appeared  in  some  instances  as  if  almost  any  individual  cell,  while  not  un- 
like the  others  in  form,  might,  under  certain  conditions,  become  an  arthro- 
spore."  .  .  .  "Hueppe  observed  that  such  a  cell  would  sometimes  be 
insulated  or  protected  against  harmful  influences  by  a  mantle  of  the  adjacent 
dead  cells  formed  about  it.  In  some  cases  the  arthrospores  increase  in  size 
and  acquire  a  compact  membrane,  as  happens  in  some  algse."  ..."  True 
arthrospores  are  spherical  in  form,  but  this  fact  must  not  lead  us  to  con- 
found them  with  the  polar  granules  produced  by  plasmolysis. ' ' 

In  common  parlance,  any  micro-organism  with  one  diameter  distinctly 
greater  than  the  other,  and  not  curved  or  twisted,  is  called  a  bacillus,  the 
terms  bacterium  scnA  pseudomonas  being  much  less  frequently  employed.  The 
bacillary  forms  of  all  three  genera,  but  chiefly  of  the  genus  bacillus,  form 
endospores.  "  Endospores  were  discussed  by  Perty  in  1852.  It  is  necessary 
to  distinguish  two  kinds  of  endospore  formation,  which,  however,  are  con- 
nected with  one  another  through  intermediate  forms.  In  bacteria  of  the 
first  and  more  comprehensive  type  a  dark  speck  appears  in  the  cell  contents 
after — but  sometimes  without — preliminary  granulation.  This  speck  be- 
comes gradually  larger,  and  reaches  its  ultimate  size  at  the  expense  of  the 
cell  protoplasm.  In  a  colony  of  bacteria  different  stages  of  spore  formation 
may  be  simultaneously  observed.  By  contraction  of  the  protoplasm  and 
decrease  in  the  quantity  of  water  contained  the  spore  comes  to  have  a  highly 
refractive  appearance.  Its  body  becomes  limited  externally  by  a  dense  and 
rapidly  forming  spore  membrane.  The  motile  forms  become  motionless 
before  spore  formation.  It  is  a  matter  of  secondary  significance  that  some- 
times all  the  cell  protoplasm  is  converted  into  a  spore,  and  that  sometimes  a 
portion  remains  outside.  It  is  likewise  of  subordinate  importance  whether 
the  spore  be  round,  oval,  or  bean-shaped  ;  whether  it  is  formed  at  the  mid- 
dle of  the  cell  or  at  the  end  ;  whether  the  cell  preserves  its  form  or  suffers 
apreliminary  swelling  at  the  place  where  the  spore  is  to  form."  .  .  .  "In 
the  germination  of  spores,  hkewise,  similar  small  and  inconsiderable  differ- 
ences make  their  appearance.  These  characters  are  in  certain  cases  very 
important  as  aids  to  diagnosis,  but  are  not  so  essential  as  the  difference  shown 
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by  the  second  type  of  endospore  discovered  by  Peters  and  L.  Kline.  In 
this  there  is  an  initial  separation  of  the  protoplasm  into  a  spore-forming  and 
a  spore-free  portion,  so  that  from  the  beginning  the  spores  are  sketched  out 
in  their  final  size  and  shape  and  do  not,  as  in  the  first  type,  gradually  in- 
crease their  substance  at  the  expense  of  the  rest  of  the  protoplasm.  During 
the  process  of  maturation  the  nutrition  of  the  spore  rudiment  is  provided 
for  by  the  rest  of  the  cell  protoplasm,  and,  as  the  cilia  bear  witness,  the 
movements  of  these  species  do  not  cease  during  spore  formation. 

The  germination  of  the  spores  is  not  without  interest,  especially  in  the 
ovoid  and  bean-shaped  forms.  The  germinating  spore  changes  its  clear 
cytoplasm  by  the  development  of  fine  granules,  and  its  circumscribing  cap- 
sule seems  to  attenuate.  There  is  gradual  increase  in  size,  and  finally  the 
capsule  bursts  open  and  the  young  bacillus  escapes.  The  opening  for  the 
escape  of  the  spore  takes  place  at  the  middle  in  some  species,  at  the  pole  in 
others.  This  equatorial  or  polar  escape  is  so  constant  for  different  species 
that  Migula  has  made  use  of  it  for  purposes  of  differentiating  them. 

The  spore  production  is  limited  to  one  spore  for  each  bacillus.  It  may 
develop  at  the  center  of  the  cell,  toward  one  end,  or  at  one  end  of  the  cell. 
When  the  spore  is  situated  at  one  end  and  is  greater  than  the  bacillus  in 
diameter,  a  drumstick  form  is  produced,  which  the  Germans  describe  as  a 
"  Trommelschlager. "  When  centrally  situated  and  occasioning  distention 
of  the  organism  by  its  large  size,  it  is  called  a  Clostridium.  When  the  for- 
mation of  the  spore  is  complete,  the  disintegration  of  the  parent  organism 
begins. 

Many  of  the  bacillus  and  pseudomonas  forms  are  actively  motile  because 
of  their  flagella.  These  organs  of  locomotion  are  more  or  less  elongate, 
undulating  or  curled,  extremely  delicate  filamentous  projections  of  the  cyto- 
plasm through  the  cell-wall.  They  are  too  fine  and  too  delicate  to  be  de- 
tected by  ordinary  examination,  though  readily  observed  in  properly  stained 
specimens.  There  may  be  a  single  flagellum  attached  to  one  end  of  the 
organism  (monotricha),  or  there  may  be  a  flagellum  at  each  end  (amphi- 
tricha),  or  there  may  be  a  number  of  them  attached  to  one  or  both  ends 
(lophotricha),  or  the  flagella  may  be  numerous  and  distributed  over  the 
entire  body  surface  (peritricha). 

Some  of  the  cocci  and  a  few  of  the  bacilli  are  s^id  to  be  encapsulated — 
i.  e. ,  they  are  surrounded  by  what  seems  to  be  a  thick  gelatinous  or  mucous 
investiture,  which  may  depend  upon  swelling  or  softening  of  the  cell-wall, 
or  upon  some  secretion  which  the  organism  collects  about  it  as  a  mantle. 
The  office  of  this  capsule  is  not  known.  It  is  well  seen  in  stained  specimens 
of  the  pneumococcus  in  sputum  or  blood,  and  in  stained  specimens  of  the 
Bacillus  aerogenes  capsulatus,  Pfeiffer's  capsule  bacillus,  and  others. 

The  occurrence  of  branched  bacilli  is  often  mentioned,  and  has  given  rise 
to  considerable  speculation  as  to  what  the  projections  and  branches  may 
mean.  It  is  now  pretty  generally  accepted  that  they  indicate  greater  com- 
plexity of  structure  than  belongs  to  the  bacilli,  and  that  the  species  in  which 
they  occur  should  properly  be  classed  among  mycobacteriacece  or  other  higher 
bacteria. 

An  elongate  organism  of  corkscrew  shape  or  forming  a  distinct  arc  of  a 
circle,  suggesting  the  possibility  of  developing  a  corkscrew  shape,  is  called 
a  spirillum  if  rigid,  a  spirochcRta,  if  flexible.  Migula  calls  similar  forms  with- 
out flagella  spirosoma.  By  French  writers  they  are  nearly  always  referred  to 
as  vibrio,  though  these  writers  also  apply  the  term  vibrio  rather  carelessly  to 
bacillary  forms,  especially  if  they  undulate  in  swimming.  Spiral  organisms 
with  pointed  ends  are  sometimes  called  spirulina ;  those  of  flattened  form, 
bearing  a  resemblance  to  a  twisted  ribbon,  spiromonas.     A  spiral  organism 
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spotted  with    contained   sulphur  granules   has  been  described  as  ophidio- 
monas. 

The  spiral  organisms  are  nearly  all  motile,  and  with  the  exception  of  the 
genus  spirosoma  are  flagellated.  The  formation  of  endospores  is  common. 
The  organisms  may  be  so  short  as  to  resemble  commas,  or  may  be  very  long 
and  present  many  corkscrew-like  twists. 

Of  the  mycobacteriacecB,  the  best  known  is  that  familiar  to  us  under  the 
name  actinomyces.     1 1  may  perhaps  be  accepted  as  a  type  of  the  genus. 

The  actinomyces  may  be  said  to  occupy  a  kind  of  midway  position  be- 
tween bacteria  and  moulds.  Their  vegetation  resembles  the  moulds  in  that 
it  consists  of  a  branched  network  of  delicate  filaments,  upon  which  a  downy 
development  of  aerial  hyphae  takes  place.  Upon  careful  examination,  how- 
ever, it  is  found  that  the  filaments  are  extremely  delicate,  like  bacillary 
threads,  and  not  distinctly  and  doubly  contoured  like  the  mycelia  of  the 
moulds. 

The  delicate  rod-like  filaments  divide  dichotomously.  Some  of  the  fila- 
ments are  long  and  straight,  some  straight  and  branched,  some  closely  twisted 
like  the  spirilla,  some  divided  into  short,  rounded  individuals  resembling 
cocci,  and  are  possibly  reproductive  elements,  while  others  are  expanded  into  ' 
club-shaped  enlargements,  which  are  probably  involution  forms.  The  deli- 
cate threads,  the  lack  of  distinct  encasing  membranes  and  of  reproductive 
cells  and  conidia,  clearly  separate  the  organisms  from  the  moulds.  Just 
what  the  different  elements  signify  is  not  clear.  Some  of  the  coccoid 
elements  are  probably  spores,  though  they  differ  in  certain  particulars  :  as, 
for  example,  in  their  resistance  to  the  penetrating  action  of  the  dyes  and  to 
heat.  The  mycelia  are  destroyed  by  a  brief  exposure  to  60°  C.,  but  the 
spore  forms  resist  75°  C.  for  five  minutes. 

The  actinomyces  grows,  like  other  bacteria,  in  all  the  usual  media — 
agar,  blood  serum,  gelatin,  bouillon,  etc.  When  one  of  the  colonies  is 
touched  with  the  platinum  wire,  the  aerial  filaments  with  their  spores  are 
disturbed  and  the  spores  alone  removed.  If,  however,  one  teases  one  of  the 
dense  colonies,  branched  threads  become  visible.  The  vegetation  upon 
artificial  media  corresponds  almost  jjerfectly  with  the  organism  as  it  occurs 
in  the  tissues.  The  central  part  of  each  consists  of  a  branched,  thready 
mass,  in  which,  together  with  the  straight  filaments,  coccoid  and  spil-illoid 
forms  are  present.  The  coccoid  forms  are  often  gathered  together  like 
strings  of  beads.  Extending  from  the  central  mass  so  as  to  project  radially 
in  all  directions — very  rare  in  the  artificial  cultivations,  but  nearly  always 
present  upon  the  organism  as  it  occurs  in  the  lesions — are  the  radiating,  club- 
shaped  elements  which  give  the  organisms  the  name  "ray  fungus."  The 
significance  of  these  clubs  is  not  known.  At  one  time  they  were  supposed 
to  be  organs  of  fructification,  but  at  the  present  time  they  are  thought  to  be 
swollen  and  degenerated  filaments  which  are  injured  by  contact  with  the 
surrounding  tissue. 

In  well-stained  specim.ens,  however,  the  filament  to  which  it  is  attached 
can  be  seen  to  enter  the  proximal  end  of  the  club.  The  clubs  may  be  regular 
in  outline  and  fusiform  or  club-shaped,  or  they  may  partially  divide  into 
finger-like  segments  at  the  distal  end.  They  are  of  low  vitality  and  readily 
disintegrate.  The  youngest  colonies  obtained  from  actinomycotic  pus  have 
no  rays  or  clubs,  but  form  grayish,  gelatinous,  homogeneous,  compressible 
bodies  of  almost  mucus-like  consistence.  These  consist  exclusively  of 
thread-like  elements. 

Biology  of  the  Pungi. — Relation  to  Oxygen. — Like  all  living  things,  the 
fungi  require  oxygen,  though  certain  forms  of  bacteria  are  peculiar  in  their 
relation  to  it.     In  consequence,  it  is  customary  to  divide  the  organisms  into 
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aerobic  forms,  which  can,  and  anaerobic  forms,  which  cannot,  live  in  the  pres- 
ence of  uncombined  oxygen.  The  anaerobic  forms  obtain  oxygen  by  the 
analysis  of  compounds  containing  it.  Many  bacteria  are  indifferent  in  their 
behavior  to  oxygen.  Their  ability  to  grow  in  nature  seems  to  depend  upon 
association  with  other  organisms,  by  which  the  free  oxygen  is  absorbed.  B. 
tuberculosis  and  B.  diphtherise  seem  to  be  almost  purely  aerobic ;  B.  tetani 
and  B.  oedematis  maligni,  purely  anaerobic.  When  a  micro-organism  is 
able  to  maintain  its  existence  equally  well  with  and  without  free  oxygen,  it 
is  called  an  optional  anaerobe  ;  when  able  to  grow  only  in  combined  oxygen, 
an  obligatory  anaerobe. 

The  human  body  affords  opportunities  for  the  growth  of  both  aerobic  and 
anaerobic  organisms,  containing  both  well-oxidized  and  meagerly  oxidized 
tissues.  The  ability  of  the  anaerobic  forms  to  grow  parasitically  may  be 
facilitated  by  other  organisms  accidentally  introduced  with  them.  This, 
however,  does  not  explain  all  cases,  for  animals  die  readily  of  tetanus  after 
inoculation  of  pure  cultures  into  the  subcutaneous  tissues,  the  bacillus  being 
able  to  endure  the  absorbed  oxygen  in  the  tissue  juices. 

Relation  to  Food. — The  moulds  and  yeasts  and  many  of  the  bacteria  can 
grow  quite  well  upon  carbohydrates,  but  most  of  the  bacteria  do  better  upon 
a  substratum  containing  proteids.  The  simplicity  of  the  compounds  upon 
which  they  can  live  is  shown  by  the  composition  of  the  following  fluids : 


Distilled  water 
Cane-sugar    ... 
Ammonium  tartrate    . 
Ashes  of  I  gm.  of  yeast. 


Pasteur's  Medium. 


UscHNisKY's  Medium. 


Water        ...  .... 

Glycerin 

Sodium  chlorid        

Calcium  chlorid    .    . 

Magnesium  sulphate 

Bipotassium  phosphate 

Ammonium  lactate 

Sodium  aspartate  .  .... 

Proskauer  and  Beck's  Medium. 

Ammonium  carbonate        .... 

Potassium  phosphate 

Magnesium  sulphate       .  .  .        .        .        .    ' 

Glycerin. 


100  parts. 
10      " 
I  part. 


1000  c.c. 
3  to  4  gm. 
S  to  7   " 


2  to  4   ' 

2t0  2^  ' 

6  to  7    ' 

3  t0  4   • 


0.35  per  cent. 
0.15    "       " 
0.25   " 
1. 00   " 


In  artificial  culture  in  the  laboratory  the  moulds  and  yeasts  grow  luxuri- 
antly upon  moist  bread-crumbs  and  potato,  the  bacteria  upon  beef-broths 
or  beef-broths  solidified  by  the  addition  of  gelatin  or  agar.  Such  media 
should  contain  about  80  per  cent,  of  water  and  0.5  per  cent,  of  sodium 
chlorid.  _  Very  few  micro-organisms  can  grow  upon  dry  nutrient  material 
water  being  essential  to  active  life.  The  reaction  of  the  substratum  is  of 
great  importance  to  many  forms.  The  moulds  do  best  upon  media  with  a 
slightly  acid  reaction ;  the  bacteria  upon  media  with  a  feebly  alkaline  re- 
action. -  ■' 

The  fungi  are  unable  to  live  upon  purely  inorganic  matter.  The  purelv 
saprophytic  forms  are  able  to  grow  luxuriantly  upon  almost  any  culture  me- 
dium, while  of  the  purely  parasitic  forms,  some,  such  as  the  lepra  b-^cillus 
have  very  rarely  been  successfully  cultivated.  Of  the  important  pathogenic 
torms,  each  has  its  particular  appropriate  medium  upon  which  artificial 
culture  is  best  achieved-glycerin-agar  for  the  tubercle  bacillus,  blood  serum 
for  the  diphtheria  bacillus,   hemoglobinized  agar  for  the  influenza  bacil- 
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lus,  mixtures  of  agar  and  blood  serum  for  the  gonococcus,  etc.  In  the  con- 
sideration of  individual  species,  these  peculiarities  of  appetite  should  not  be 
forgotten. 

Relation  to  Temperahire . — The  temperatures  at  which  bacteria  live  have  a 
wide  range.  A  few  organisms  known  as  thermophilic  bacteria  live  in  hot 
springs  and  pools  and  thrive  at  60°  to  70°  C. ,  temperatures  at  which  all  other 
micro-organisms  cease  to  grow,  and  at  which  the  greater  number  of  them 
are  killed.  The  pathogenic  parasitic  forms  thrive  best  at  temperatures 
approximating  those  of  the  animal  body  in  health  and  disease.  Sapro- 
phytic organisms  grow  at  much  lower  temperatures.  Fliigge  found  that 
Bacillus  subtilis  grew  very  slowly  at  6°  C,  and  until  12.5°  C.  was  reached 
fission  did  not  occur  oftener  than  every  four  or  five  hours.  At  25°  C.  fission 
occurred  every  forty-five  minutes,  and  at  30°  C,  every  thirty  minutes.  When 
the  temperature  reaches  40°  C.  the  growth  is  less  rapid,  and  beyond  42°  C. 
it  again  becomes  slow  and  soon  ceases.  The  bacilli  are  killed  between  60° 
to  65°  C,  though  their  spores  are  able  to  endure  100°  C.  for  some  time. 
All  known  fungi  and  their  most  resisting  spore  forms  are  destroyed  by  dry 
heat  at  150°  C.  maintained  for  a  short  time,  and  by  steam  under  pressure, 
so  as  to  bring  the  temperature  to  120°  C.  in  a  few  minutes.  Most  spores 
are  killed  by  exposure  to  streaming  steam  of  100°  C.  for  more  than  five  min- 
utes, though  a  few  can  be  steamed  for  an  hour  without  harm.  Nearly  all 
asporogenous  bacteria  are  killed  by  temperatures  beyond  75°  C.  maintained 
for  thirty  minutes. 

Cold  is  injurious  to  bacteria,  and  freezing  and  exposure  to  extreme 
degrees  of  cold,  such  as  can  be  secured  by  liquid  air,  kill  great  numbers 
of  them.  A  few  individuals  of  each  species,  however,  always  survive  even 
these  extremely  low  temperatures  so  that  cold  is  less  destructive  to  bacteria 
than  heat. 

Relation  to  Light. — Micro-organisms  vary  in  the  effects  resulting  from 
exposure  to  light.  The  saprophytic  organisms  live  for  the  most  part  in  day- 
light, and  often  in  direct  sunlight,  without  injury.  In  the  laboratory,  how- 
ever, it  is  found  that  many  bacteria,  and  especially  the  parasitic  forms,  are 
injured  by  exposure  to  concentrated  light.  When  cultures  of  some  of  the 
pathogenic  forms  are  exposed  to  sunlight,  they  fail,  to  grow  upon  transplanta- 
tion, and  are  presumably  killed.  When  kept  growing  exposed  to  diffused 
light,  some  of  the  pathogenic  forms  attenuate  more  rapidly  than  when  kept 
in  the  dark.  Some  of  the  moulds  grow  slowly  in  the  light  and  rapidly  in 
the  dark.  Bacillus  mycoides  roseus  is  said  to  produce  its  pigment  only  in 
the  dark. 

Blue  is  distinctly  prejudicial  in  its  influence  upon  bacteria,  and  when  Petri- 
dish  cultures  are  thickly  sown  with  colonies,  and  an  area  of  the  dish  covered 
by  a  blue  glass  or  paper,  the  growth  of  the  colonies  within  the  confines  of 
the  colored  area  is  so  restrained  that,  upon  removing  the  color,  its  outline  is 
evinced  by  the  small  size  and  diminished  number  of  colonies. 

Relative  to  Physical  Conditions. — Electricity. — The  studies  made  to  deter- 
mine the  effects  of  continuous  and  interrupted  electric  currents  upon  bacteria 
are  few  in  number  and  conflicting  in  result.  Very  powerful  currents  are  said 
to  kill  the  organisms,  change  the  reaction  of  the  culture  media,  and  alter 
whatever  toxins  may  be  present  in  the  culture. 

X-rays. — The  micro-organisms  are  apparently  unaffected  by  the  .x-rays, 
though  it  is  said  that  prolonged  exposure  to  their  action  lessens  the  vitality  and 
diminishes  the  virulence  of  the  organisms. 

Movement. — The  condition  of  rest  seems  best  adapted  to  micro-organismal 
life.  Rapid  movement  seems  to  inhibit  growth.  This  may  explain  why 
bacteria  usually  do  not  grow  in  large  numbers  in  the  rapidly  circulating 


264  PARASITISM. 

blood,  and  also  explains  why  rapidly  flowing  streams,  frequently  interrupted 
by  rapids  and  waterfalls,  furnish  better  drinking-water  than  sluggish  streams. 

Relation  to  Chemical  Agents.— Reaction  is  of  great  importance  to  micro- 
organisms. The  moulds  seem  to  prefer  substrata  with  acid  reaction;  the 
bacteria  with  alkaline  reaction.  Some  organisms  grow  equally  well  upon 
acid  and  alkaline  media  ;  others  cannot  be  grown  artificially  unless  just  the 
right  degree  of  acidity  or  alkalinity  is  prepared  for  them.  The  physiologic 
activities  of  bacteria  may  vary  according  to  the  reaction  ;  thus,  when  Bacil- 
lus prodigiosus  grows  upon  slightly  acid  media,  it  is  colorless ;  but  when  it 
grows  upon  alkaline  media,  it  produces  a  beautiful  red  color.  Bacillus  diph- 
theria grows  in  slightly  acid  media,  but  produces  toxin  only  in  alkaline 
media. 

These  variations  in  metabolism  caused  by  slight  variations  in  reaction 
should  not  be  neglected  in  reflecting  upon  the  pathologic  processes  in  which 
bacteria  are  concerned. 

Strong  acids  or  alkalies  inhibit  micro-organismal  growth,  and  very  strong 
acids  or  alkalies  destroy  them. 

Salts. — Various  salts  exert  a  marked  influence  upon  bacteria,  though  how 
they  act  is  unknown.  In  all  probability  sodium  chlorid  and  some  of  the 
common  widely  distributed  salts  are  of  importance  to  the  organisms  in  aiding 
diffusion  processes.  Excessive  quantities  of  various  salts  may  tend  to  bring 
about  bacteriolysis. 

The  salts  capable  of  forming  compounds  with  albuminous  substances 
usually  behave  deleteriously  upon  micro-organisms,  combining  with  their 
protoplasm  and  thus  destroying  them.  Of  these,  the  mercurial  salts,  espe- 
cially the  biniodid  and  bichlorid,  are  the  best  known.  The  caustic  substances, 
such  as  nitrate  of  silver,  caustic  potash,  and  caustic  soda,  are  destructive, 
sometimes  even  in  great  dilution. 

Chemical  substances  that  inhibit  the  growth  of  bacteria  are  known  as 
antiseptics ;  those  that  kill  them,  as,  germicides. 

Alcohols  and  ethers  behave  differently  toward  micro-organisms.  Ethyl 
alcohol  in  weak  solutions  does  not  affect  micro-organisms,  but  stronger  solu- 
tions destroy  them  in  time  by  dehydration.     Alcohol  does  not  injure  spores. 

The  ethers  are  devoid  of  energetic  action  upon  micro-organisms. 

Carbolic  acid  is  peculiar  among  the  alcohols  for  its  extremely  energetic 
action,  being  one  of  the  best  disinfectants  and  germicides  known.  Its  power 
in  this  direction,  however,  is  distinctly  limited,  and  its  employment  for  dis- 
infecting purposes  is  usually  in  5  per  cent,  solution.  This  solution  kills  the 
■majority  Of  micro-organisms  in  a  few  minutes,  though  the  resisting  spores 
of  anthrax  and  some  other  bacteria  may  enable  them  to  endure  such  solutions 
for  twenty-four  hours. 

Formaldehyd  is  one  of  the  most  powerful-  and  useful  disinfectants  known. 
The  gas  itself  is  a  strong  disinfectant,  and  can  be  used  for  disinfecting  rooms, 
hospitals,  and  ships,  while  in  solutions  it  is  probably  more  useful  and  more 
powerful.  It  is  destructive  to  nearly  all  bacteria  in  solution  of  i  :  20,000 
to  I  :  5000. 

Gases. — The  necessity  of  oxygen  in  micro-organismal  life  has  already 
been  discussed.  Nitrogen  and  hydrogen  are  indifferent  to  them,  and  anae- 
robic bacteria  grow  well  in  atmospheres  of  either.  Carbon  dioxid  and  sul- 
phureted  hydrogen  are  poisonous  to  micro-organisms.  In  general,  it  may 
be  said  that  gases  poisonous  to  animal  life  are  also  poisonous  to  vegetable 
life,  and  in  consequence  chlorin,  bromin,  iodin,  sulphurous  oxid,  and  others 
are  very  destructive  and  may  successfully  be  employed  for  disinfecting  pur- 
poses. 

Relation  to  Moisture. — Micro-organisms  are  with  few  exceptions  designed 
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to  live  upon  moist  substrata.  Bacillus  prodigiosus  has  been  found  growing 
upon  dry  crackers,  but  even  it  thrives  best  when  in  the  presence  of  abundant 
moisture.  For  this  reason  it  is  recommended  that  artificial  cultures  of  bac- 
teria be  grown  upon  media  containing  about  80  per  cent,  or  more  of  water. 

The  effect  of  desiccation  upon  bacteria  is  deleterious,  and  whenever  bac- 
teria are  dried,  large  numbers  of  them  probably  die.  Enough  survive  in 
most  cases,  however,  to  maintain  the  species.  It  is  said  that  the  spirillum 
of  Asiatic  cholera  can  withstand  drying  for  nine  months,  and  that  Bacillus 
typhosus  and  Bacillus  prodigiosus  can  remain  alive  for  a  year  and  a  half 
Other  bacteria  die  quickly  when  dried ;  thus,  the  streptococcus  may  not  live 
longer  than  a  week.  In  experiments  made  to  determine  the  duration  of  life 
in  the  dry  state,  one  should  not  lose  sight  of  the  fact  that  other  factors  come 
into  prominence.  Dried  organisms,  for  example,  are  exposed  to  an  unusu- 
ally active  oxidation,  etc. 

The  spores  of  micro-organisms  seem  to  be  particularly  adapted  to  live  in 
the  dry  state,  and  those  of  anthrax,  if  dried  upon  silk  threads  or  in  filter- 
paper,  can  be  kept  alive  for  years. 

Association  with  other  Micro-organisms. — It  is  interesting  to  observe  that 
the  fungi  act  upon  one  another  in  many  ways.  The  large  class  of  lichens  are 
now  known  to  be  fungi  growing  parasiticallyupon  algse.  The  growth  of  the 
tetanus  bacillus  in  the  soil  is  supposed  to  depend  upon  associated  bacteria  by 
which  the  oxygen  is  used  up.  As  bacteria  grow  together  they  not  infrequently 
destroy  one  another ;  thus,  in  cultures  from  the  throats  of  diphtheria  sus- 
pects, it  not  infrequently  happens  that  the  Bacillus  pyocyaneus  is  present  and 
destroys  the  diphtheria  bacilli  in  time.  As  the  culture  is  incubated,  the 
diphtheria  bacillus  at  first  grows,  forming  a  yellowish-white  layer  upon  the 
medium.  Later  on  the  Bacillus  pyocyaneus  begins  a  vigorous  growth,  over- 
grows the  diphtheria  bacilli,  and  brings  about  their  ultimate  solution,  possibly 
through  a  bacteriolytic  enzyme  {^pyocyanase  of  Emmerich  and  Low  (?) ). 
Should  an  acid-producing  organism  grow  hand  in  hand  with  the  diph- 
theria bacillus,  the  latter  would  not  generate  toxin  as  usual.  Contaminat- 
ing organisms  in  tetanus  cultures  sometimes  entirely  destroy  the  toxin,  so 
that,  although  many  tetanus  organisms  are  present,  the  filtered  culture  is 
inert  or  feeble  in  toxic  action. 

Bacteria  attenuated  by  prolonged  cultivation  in  the  laboratory  or  by  dry- 
ing can  often  be  greatly  increased  in  virulence  by  inoculation  into  suscepti- 
ble animals  together  with  some  harmless  organism,  such  as  Bacillus  prodigio- 
sus, by  which  the  conditions  under  which  it  grows  in  the  body  are  altered. 
On  the  other  hand,  sometimes  the  operation  of  a  pathogenic  bacterium  is 
checked  or  altered  by  the  accidental  presence  of  some  harmless  organism. 

The  reader  must  not  lose  sight  of  the  very  important  truth  that  in  our 
experimental  work  we  habitually  investigate  the  effects  of  pure  cultures  upon 
animals,  though  nearly  all  spontaneous  infections  are  mixed,  for  one  or 
another  reason  some  particular  micro-organism  predominating  over  others 
and  determining  what  the  course  of  events  shall  be. 

Chemistry  of  Micro=orgaiiisinal  Life. — Putrefaction  and  Fermentation. — 
It  is  impossible  for  micro-organisms  to  live  upon  and  appropriate  to  their  own 
uses  elements  obtained  by  the  cleavage  of  complex  molecules  without  chem- 
ical alteration  of  the  substratum.  By  these  means  the  familiar  phenomena 
of  putrefaction  and  fermentation  occur.  It  is  by  processes  analogous  to 
these  that  fungi  elaborate  those  peculiar  alkaloidal  substances  which  are 
known  asptomains. 

Ptomains. — "  A  ptomain  is  a  chemical  compound,  basic  in  nature,  formed 
by  the  action  of  bacteria  (and  other  fungi)  upon  organic  matter. ' '  It  is  the 
result  of  the  process  which  we  describe  as,  putrefaction,  and  can  be  correctly 
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called  a  putrefactive  alkaloid.  Some  ptomains  are  poisonous ;  some  not. 
They  play  very  little  part  in  pathology.  They  may  be  inadvertently  con- 
sumed with  food  and  occasion  poisonings,  such  as  are  familiar  from  spoiled  ice- 
cream and  meat.  Sapremia,  from  gangrenous  members  of  the  body,  depends 
upon  products  of  putrefaction  absorbed  into  the  body  by  the  lymphatics. 

It  may,  therefore,  be  said  with  very  little  reserve  that  ptomains  have  little 
to  do  with  pathologic  processes,  because  their  origin  depends  upon  putre- 
factive changes  which  must,  as  a  rule,  be  of  long  duration  before  discover- 
able quantities  are  formed,  and  because  most  of  the  ptomains  formed  in  the 
body  are  harmless  in  the  quantities  in  which  they  are  produced.  The  bac- 
teria of  fermentation  are  called  zymogenic ;  those  of  putrefaction,  sapro- 
genic. 

Gases. — The  disruption  of  complex  molecules  is  also  a  source  by  which 
gases  are  liberated  from  substrata  upon  which  bacteria  grow.  According  to 
the  composition  of  the  substratum  and  the  variety  of  micro-organisms  will 
the  gases  vary  in  nature.  Those  most  commonly  encountered  in  measurable 
quantity  are  hydrogen  and  carbon  dioxid.  Ammonia,  sulphureted  hydrogen, 
marsh-gas,  and  others  may  be  formed.  Gaseous  edema  sometimes  results 
from  certain  forms  of  infection.    Gas-producing  bacteria  are  called  aerogenic. 

Odors. — The  evolution  of  ammonia  and  sulphureted  hydrogen  is  natur- 
ally attended  with  odor,  but  in  addition  aromatic  substances  are  pro- 
duced by  the  putrefactive  processes  as  well  as  by  the  metabolic  excretions 
of  the  bacteria,  and  cultures  of  different  organisms  have  in  many  cases  char- 
acteristic odors.  Every  one  who  has  cultivated  Bacillus  tetani  is  familiar 
with  its  peculiar  odor,  and  the  pungent  odor  of  Bacillus  mesentericus  vulgatus 
is  familiar  to  every  student  of  bacteriology. 

Of  the  aromatic  substances  produced  by  bacteria,  indol  is  the  most 
common,  and  is  made  use  of  for  the  differentiation  of.  species,  as  Spirillum 
cholerse  asiatica  and  Bacillus  coli  communis.  Phenol,  kresol,  hydrochinon, 
hydroparacumaric  acid,  and  paraoxyphenylacetic  acid  are  by  no  means 
uncommon  products  of  putrefaction. 

Figments. — Bacteria,  yeasts,  and  moulds  may  produce  pigments.  They 
are  usually  formed  outside  of  the  bodies  of  the  organisms,  in  the  molecular 
matter  between  them ;  but  sometimes  the  pigment  granules  are  in  the  cells. 
The  chemistry  of  these  pigments  is'  obscure.  Some,  as  pyocyanin,  are  pto- 
mains. 

The  pigments  are  for  the  most  part  insoluble  in  water,  and,  therefore,  do 
not  saturate  the  culture  media  (agar)  upon  which  the  organisms  are  grown. 
Occasionally,  as  in  the  case  of  fluorescin  and  pyocyanin,  the  pigments  are 
soluble  and  readily  penetrate  the  agar. 

The  blue  pigment  of  Bacillus  janthinus,  the  brick-red  of  Bacillus  pro- 
digiosus,  the  beautiful  orange  of  Sarcina  aurantiaca,  the  coal-black  of  the 
Saccharomyces  niger,  etc.,  form  striking  characteristics  by  which  the  species 
can  often  be  recognized.  The  pigments  are  for  the  most  part  produced  by 
saprophytic  organisms. 

•  Organisms  producing  pigments  are  called  chroniogenic ;  those  producing 
none,  non-chromogenic . 

Phosphorescence. — Bacteria,  for  the  most  part  isolated  from  sea- water, 
sometimes  occasion  a  peculiar  phosphorescence  in  cultures  made  with  sea- 
water  as  the  basis.  The  phenomenon  is  marked,  and  the  light  emitted  from 
several  tubes  of  highly  phosphorescent  bacteria  may  enable  one  to  see  the 
face  of  a  watch  in  the  dark. 

Phosphorescing  bacteria  are  c:s!\\%^  photogenic . 

Acids  and  Alkalies. — In  fermentation  and  putrefaction  the  chemical 
changes  are  associated  with  marked  changes  in  reaction.     One  of  the  most 
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familiar  examples  of  this  is  seen  in  the  change  of  acid  to  strongly  alkaline 
urine,  as  saprophytic  bacteria  transform  the  urea  to  ammonium  carbonate.  In 
all  putrefactive  processes  associated  with  the  formation  of  ammonium  the 
reaction  must  be  alkaline. 

The  splitting-up  of  sugars  is  usually  attended  with  the  formation  of  acetic, 
lactic,  and  butyric  acids.  In  addition  to  these  common  acids,  the  energy 
of  micro-organisms  also  leads  to  the  formation  of  formic,  propionic,  baldrianic, 
palmitic,  margaric,  and  other  acids. 

Sometimes  the  primary  and  secondary  operations  of  bacteria  differ  in 
reaction.  Thus,  Bacillus  diphtheriae,  when  growing  in  bouillon,  produces 
acidity  during  the  first  few  days  of  active  growth,  but  later  an  alkalinity 
which  neutralizes  and  then  replaces  the  acid.  Such  behavior  probably 
depends  upon  the  fact  that  the  bacillus  lives  at  the  two  periods  upon  different 
substances  in  the  culture  medium^ — in  the  primary  period  upon  the  sugars 
in  the  bouillon ;  during  the  subsequent  period,  upon  the  albumoses. 

The  varying  behavior  of  micro-organisms  in  the  body  may  in  some  cases 
depend  upon  varying  conditions,  by  which  the  operations  of  a  micro-organ- 
ism differ  at  one  time  from  those  at  another  time. 

Nitrogen  Combinations. — Among  the  interesting  phenomena  of  micro- 
organismal  growth  are  those  which  have  to  do  with  nitrogen  and  its  com- 
pounds. These  are  of  chief  interest  to  horticulturists,  but  of  compara- 
tively little  importance  to  physicians.  It  is  largely  through  the  activity  of 
bacteria  growing  about  their  roots  that  the  leguminous  plants  are  able  to 
absorb  and  combine  nitrogen.  Other  bacteria  are  useful  to  plants  in  that 
they  reduce  complex  nitrogen  compounds  to  nitrogen  and  ammonia. 

Enzymes.- — The  formation  of  enzymes  is  one  of  the  most  important  phe- 
nomena of  micro-organismal  life,  as  it  is  largely  by  these  bodies  that  familiar 
effects  are  produced.  Probably  the  most  familiar  example  that  can  be  cited 
is  the  curdling  ferment  by  which  many  bacteria  cause  clotting  of  milk.  An 
equally  familiar  example  to  every  one  acquainted  with  the  methods  of  bac- 
teriologic  investigation  is  the  liquefaction  of  gelatin  and  blood  serum  by  proteo- 
lytic ferments  produced  by  many  forms  of  micro-organisms.  Probably  the 
diphtheria  bacillus  and  the  pneumococcus  produce  a  fibrin  ferment  by  which 
the  fibrin  is  precipitated  from  the  inflammatory  exudates.  The  streptococcus 
may  also  produce  smaller  quantities  of  the  same.  Bacteriolytic  enzymes  are 
also  produced  by  which  the  bacteria  may  themselves  become  dissolved  or 
digested  when  dead. 

The  part  which  enzymes  may  play  in  disease  is  not  yet  clear,  but  may  be 
important. 

Toxins  and  Toxalbumins. — Toxins  and  toxalbumins  are  metabolic  prod- 
ucts of  the  pathogenic  bacteria,  and  the  disease-producing  power  of  bacteria 
depends  chiefly  upon  these  products.  They  differ  from  the  ptomains  in  that 
they  are  not  the  result  of  changes  in  the  substratum,  but  are  formed  within 
the  bacteria  by  metabolic  processes  and  discharged  into  the  surrounding 
media,  and  though  grown  in  non-albuminous  culture  media,  the  micro-organ- 
isms are  still  able  to  form  these  products.  * 

Toxins  differ  from  toxalbumins  in  that  although  proteid  substances,  they 
fail  to  yield  any  of  the  albumin  reactions.  The  greater  number  of  toxic 
products  are  toxalbumins.  Unfortunately,  it  has  become  customary  to  use 
the  term  toxin  to  indicate  any  poisonous  substance  produced  by  bacteria,  but 
at  present  the  term  is  being  restricted  to  those  poisonous  substances  devoid 
of  albumin  reactions.  Of  these,  two,  diphtheria  toxin  and  tetanus  toxin, 
are  well  known.  Both  substances  are  extremely  active.  They  can  be  pre- 
cipitated with  ammonium  sulphate  and  certain  other  salts,  but  cannot  subse- 
quently be  obtained  free  from  them.     In  general  they  are  unstable  in  com- 
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position  and  readily  change  into  toxoids  on  exposure  to  warmth,  light,  and 
oxygen.  In  the  precipitated  form  they  keep  much  better  than  in  solution. 
They  are  completely  destroyed  by  heating  to  60°  C.  for  a  short  time. 

The  toxalbumins  are  feebler  poisons  than  the  toxins,  and  are  better 
known  to  us  through  their  effects  upon  the  diseased  animals  than  from 
laboratory  experiments.  The  poisons  specific  for  cholera,  typhoid  fever, 
and  other  diseases  are  believed  to  be  toxalbumins,  and  from  the  blood, 
vomit,  and  secretions  of  investigated  cases  of  these  diseases  toxalbumins 
have  been  separated,  although  in  cultures  of  the  specific  organisms  they  are 
present  in  almost  inappreciable  amounts. 

Pathogenesis. — Bacteria,  like  other  fungi,  raa.y  ht  pathogenic  or  non-patho- 
genic. 

The  activities  by  which  bacteria  lead  to  disease  productions  are  synop- 
tized  by  Kruse  as  follows  : 

1.  The  organism  cannot  take  on  unrestricted  growth  in  the  body,  and  a  local  lesion  results  : 
(a)  Upon  the  surface,  causing  furuncles,  etc.  (staphylococci). 

{b)  Upon  the  surface,  with  extension  by  contiguity  of  tissue  (erysipelas  and  phlegmons 
caused  by  streptococci). 

(c)  Surface  growths  with  marked  toxin  production  and  distribution  (diphtheria and  tetanus). 
{d)  Deep  focal  inflammations  (tubercles,  etc.), 

2.  The  organism  is  able  to  take  on  unrestricted  growth  in  the  body  : 
(«)  By  continuous  extension,  as  in  glanders. 

((5)  By  metastasis,  as  in  pyemia. 

(c)  By  universal  rapid  growth  and  invasion,  as  in  sepsis  and  anthrax. 

The  entrance  of  pathogenic  bacteria  into  the  body  and  the  phenomena 
attending  their  reception  there,  together  with  the  conditions  favorable  or 
unfavorable  for  their  development  and  pathogenesis,  constitute  the  subject 
matter  best  discussed  under  the  captions  Infection  and  Immunity. 

THE  ANIMAL  PARASITES. 

The  numerous  families  and  orders  among  which  the  animal  parasites  are 
distributed,  together  with  the  fact  that  there  is  a  very  small  representation 
in  each,  makes  it  somewhat  unsatisfactory  to  consider  them  from  a  zoologic 
standpoint,  yet  the  attempt  to  arrange  them  according  to  their  harmful  or 
harmless  effects  upon  the  host,  or  according  to  the  source  from  which  they 
are  derived,  is,  if  anything,  less  satisfactory. 

The  important  animal  parasites  may  be  synoptized  as  follows  : 

I.  Protozoa — 

Amceba  coli,  Pyrosoma  bigeminum. 

Amceba  dysenterise.  Pyrosoma  hominis. 

Cercomonas  intestinalis.  Trypanosoma  lewisii. 

Cercomonas  coli  hominis.  Trypanosoma  brucei. 

Trichomonas  vaginalis.  Trypanosoma  evansi. 

Trichomonas  intestinalis.  Trypanosoma  gambensi. 

Megastoma  entericum.  Trypanosoma  theileri. 

Balantidium  coli.  Trypanosoma  rougeti. 

Coccidium  oviforme.  Trypanosoma  equinum. 
Plasmodium  malariae. 

II.  Vermes — 

Cestodes — T^nia  solium. 
Taenia  saginata. 
T^nia  cucumerina. 
Taenia  nana. 
Taenia  echinococcus. 
Bothriocephalus  latus. 
Bothriocephalus  cordatus. 
Bothriocephalus  cristatus. 
Bothriocephalus  liguloides. 
TremATODES— Distoma  hepaticum. 

Distoma  lanceolatum. 

Distoma  haematobium. 

Paragonimus  westermanii. 
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Nematodes — Ascaris  lumbricoides. 
Oxyuris  vermicularis. 
Eustrongylus  gigas. 
Filaria  medinensis. 
Filaria  sanguinis  hominis. 
Uncinaria  duodenale. 
Uncinaria  americana. 
Trichina  spiralis. 
Trichocephalus  dispar. 
Arthropoda — Sarcoptes  scabiaei. 

Demodex  foUiculorum. 

Pediculi. 

Cimex. 

Pulex. 

An  etiologic  classification  that  may  be  of  some  advantage,  though  it  is 
based  upon  no  scientific  basis,  is  as  follows : 

i.  Parasites  derived  from  otlier  animals  or  individuals  by  contact  and  association : 

Sarcoptes. 

Pediculi. 

Cimex. 

Pulex. 

Trypanosoma. 
n.  Parasites  which  enter  man  through  the  bites  of  insects  (mosquitoes) : 

Plasmodium  malarise. 

Filaria  sanguinis  hominis. 

Trypanosoma. 

3.  Parasites  derived  from  the  soil  in  virhich  the  eggs  or  e.rabryos  are  deposited : 

Ascaris  lumbricoides. 
Oxyuris  vermicularis. 
Taenia  echinococcus. 
Coccidium  oviforme. 
Uncinaria. 

4.  Parasites  derived  from  polluted  water : 

Amoeba  coli  and  Amoeba  dysenteriae. 

Uncinaria  duodenale. 

Distoma  hepaticum, 

Distoma  lanceolatum. 

Distoma  haematobium. 

Filaria  medinensis. 

Paragonimus  (?). 

5.  Parasites  derived  from  the  fiesh  of  other  animals  in  which  the  embryo  or  eggs  are  con- 
tained : 

Taenia  solium. 
Taenia  saginata. 
Taenia  cucvimerina. 
Taenia  nana. 
Bothriocephalus  latus. 
Paragonimus  westermanii  (?). 

It  is  difficult  to  separate  the  parasites  into  harmful  and  harmless  forms,  as 
many  which  do  no  harm  as  a  rule  sometimes  cause  suffering  and  death. 

I.  Usually  harmless  parasites — 

Amosba  coli. 
Cercomonas  intestinalis. 
Trichomonas  intestinalis. 
Trichomonas  vaginalis.- 
Megastoma  entericum, 
Balantidium  coli. 
Ascaris  lumbricoides. 
Oxyuris  vermicularis. 
Trichocephalus  dispar. 
Demodex  foUiculorum. 

II.  Harmful  parasites — 

Taenia  solium. 
Taenia  saginata. 
Taenia  cucumerina. 
Taenia  nana. 
Distoma  hepaticum. 
Distoma  lanceolatum. 
Distoma  haematobium. 
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Ascaris  lumbricoides  (when  migratory). 
Filaria  sanguinis  hominis. 
Anchylostoma  duodenale. 
Sarcoptes  scabisei. 
III.  Dangerous  parasites — 

Amoeba  dysenterise. 
Plasmodium  malarias. 
Bothriocephalus  latus. 
Filaria  medinensis. 
Trichina  spiralis. 
Taenia  echinococcus. 
Coccidium  oviforme. 
Paragonimus  westermanii. 
Trypanosoma. 

The  parasites  selected  for  description  are  important  because  of— (i)  Their 
frequency;  (2)  their  danger;  (3)  their  formidable  size ;  (4)  their  numbers. 

I.  Protozoan  Parasites. — ^The  Amoeba  coli  was  first  described  by 
Losch,  and  has  since  attained  prominence  because  of  its  relation  to  dysentery. 
Whether  or  not  it  is  of  etiologic  importance  in  dysentery  seems  uncertain. 
The  work  of  Councilman  and  Lafleur  has  shown  the  constant  presence  of 
the  organism  in  certain  forms  of  dysentery,  though  the  more  recent  work 
of  Shiga  and  Flexner  indicates  that  Bacillus  dysenteriae  is  the  cause  of  the 


Fig.  123. — Amoeba  coli  in  intestinal  mucus,  with  blood  corpuscles  and  bacteria  (Losch). 

epidemic  form  of  the  disease.  The  fact  that  amebae  have  been  found  in  the 
normal  human  feces  and  in  intestinal  evacuations  in  diseases  other  than 
dysentery  has  raised  the  question  of  the  significance  of  Amoeba  coli  and  led 
to  the  supposition  that  Amoeba  coli  communis  is  a  different  organism  from 
Amoeba  coli  dysenteriae.  In  the  absence  of  definite  information  concerning 
the  varying  pathogenesis  or  even  absolute  pathogenesis  of  either  species  it 
seems  well  to  suppose  that  there  are  two  species — one  harmless,  the  other 
connected  in  some  way  with  the  etiology  of  tropical  (amebic)  dysentery. 

The  organisms  are  supposed  to  enter  human  beings  through  polluted  water.  They  are 
from  20  to  30^  in  diameter,  elongated  or  rounded  in  form,  with  elongate  blunt  pseudopods* 
They  have  no  distinct  cell  membrane  :  each  has  a  large  pale  nucleus  and  several  vacuoles. 
When  taken  from  dysenteric  stools,  they  commonly  contain  blood  corpuscles.  Encysted  forms 
also  occur. 

Attempts  to  cultivate  the  organism  have  failed,  and  all  the  inoculation 
experiments  of  necessity  made  with  material  containing  amebae  and  numerous 
bacteria  as  well,  so  that  no  correct  conclusions  can  be  drawn  from  them.  In 
countries  where  dysentery  is  frequent  the  precaution  of  boiling  the  drinking- 
water  guards  against  infection. 
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The  Coccidium  oviforme,  a  sporozoan  parasite  of  elliptic  shape,  is  a 
rare  intestinal  and  hepatic  parasite  in  man,  although  a  common  one  in  rab- 
bits and  mice.  Human  beings  become  infected  through  association  with 
infected  animals  from  whose  intestines  the  parasites  are  discharged. 

The  organism  makes  its  first  appearance  as  a  minute,  granular,  globular  body  in  the 
interior  of  one  of  the  columnar  epithelial  cells  of  the  intestine  or  bile-ducts,  slowly  increasing 
in  size  until  it  greatly  exceeds  the  size  of  the  cellular  host,  making  it  appear  like  an  exaggerated 
goblet  cell.    The  further  development  occurs  in  one  or  the  other  of  two  ways :  either  the  full- 
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Fig.  124. — Coccldiosis  of  rabbit's  liver.  Section  of  one  of  the  affected  bile-ducts,  showing 
the  papillary  outgrowths  from  the  mucous  membrane  and  the  signs  of  inflammation  in  the 
surrounding  tissue. 

grown  parasite  undergoes  segmentation  into  a  multitude  of  small  falciform  embryos  which 
immediately  enter  new  epithelial  cells  in  the  neighborhood  and  so  keep  up  the  infection,  or 
become  surrounded  by  a  dense  double  capsule,  and,  thus  encysted,  pass  into  the  intestine  with 
the  bile  and  escape  with  the  feces,  Delepine  has  shown  that  the  encysted  parasites  are  not  at 
once  able  to  infect  fresh  animals  to  which  they  may  be  fed,  but  require  to  undergo  a  series  of 
changes  outside  of  the  animal  body  in  soil. 

TThe  encysted  parasite  is  oval  or  elliptic,  somewhat  flattened,  and  has  a  distinct  double  cap- 
sule, which  contains  a  granular  body  with  what  seems  to  be  a  small  nucleus.  When  kept 
moist  for  some  time,  the  granular  contents  assumes  a  spheric  shape,  retracting  from  the  capsule 
and  leaving  a  surrounding  clear  space,  divides  twice  with  the  formation  of  four  embryos,  in 
each  of  which  two  falciform  spores  are  developed.      Infection  is  possible,  and   when  ripe 


272 


PARASITISM. 


coccidia,  the  embryos,  or  the  spores  are  taken  into  the  stomach  upon  fresh  vegetables,  in  pol- 
luted water,  or  are  carried  into  the  mouth  in  dust  or  by  soiled  fingers,  the  gastric  juice  dis- 
solves away  the  spore  capsules,  liberating  them  in  the  form  of  ameboid  embryos  which  readily 
infect  the  cells. 


Fig.  125. — External  cycle  of  developments  of  the  Coccidium  oviforme,  (a  to^)  showing  the 
division  of  the  cytoplasm  into  four  spores,  each  of  which  contains  two  falciform  embryos  {h). 
This  cycle  of  development  occurs  in  damp  soil  outside  of  the  animal  body. 

Space  does  not  permit  us  to  enter  into  a  description  of  the  lesions  caused 
by  the  Coccidium  oviforme,  but  they  are  often  so  extensive  and  serious  as  to 
cause  death  in  rabbits  and  in  feeble  human  beings.  They  consist  of  chronic 
proliferative  and  obstructive  affections  of  the  bile- 
ducts,  and  terminate  in  the  formation  of  parasitic 
cysts  in  the  liver. 

The  prophylaxis  is  clear.  Precautions  should  be 
taken  to  avoid  retaining  among  domestic  animals 
those  infected  with  the  disease.  In  handling  in- 
fected animals  or  their  discharges  precautions  should 
be  taken  to  disinfect  the  hands,  etc.  The  soil  of  in- 
fected rabbit  warrens  should  be  disinfected  with  lime 
and  the  infected  rabbits  killed  off. 

Fig.     126.  —  Balantidium  The  Balantldium  or-  Paramceoium  coll  is  a  rounded,  unicel- 

coh  (Mamsten).  \v\zx  organism  measuring  from  7  to   10 fi  in  length.     It  is  sur- 

rounded with  short  cilia,  which  enable  it  to  swim  with  a  rapid 
darting  movement.     At  one  end,  which  is  usually  more  pointed 
than  the  other,  there  is  a  mouth  orifice  about  which  the  cilia  are  longer.     A  nucleus,  numerous 
vacuoles,  and  a  miscellaneous  collection  of  food  particles  can  be  made  out  in  the  cytoplasm. 
The  two  largest  vacuoles  are  usually  contractile. 

It  is  said  that  this  organism  is  habitually  present  in  the  intestine  of  hogs  and  occasionally 
present  in  man.     Diarrheal  troubles  have  been  referred  to  its  presence. 

The  Cercomonas  intestinalis  is  a  peculiar  organism  of  a  shape  suggesting  a  large  sperma- 


Fig.  127. — Cercomonas  intestinalis  ;  A,  Larger,  B,  smaller,  variety  (Davaine). 

tozoonwith  a  short  tail.  It  measures  from  10  to  12  (x  in  length,  and  is  made  up  of  a  pear-shaped 
body  from  the  blunt  end  of  which  a  single  undulating  iiagellum  projects.  It  has  been  ob- 
served in  a  large  number  of  intestinal  diseases,  but  probably  has  no  significance. 

The  Cercomonas  coll  homlnis  was  described  by  May,  who  found  it  in  the  intestine  of  a  ■ 
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case  of  carcinoma  of  the  stomach.    It  is  of  spindle  shape,  and  has  four  fiagella  attached  to  one 
end.     It  is  not  Icnown  to  be  of  pathologic  importance. 

The  Trichomoiias  vaginalis  is  an  elongate,  oval  parasite  measuring  about  lo  iu,  in  length. 
From  the  anterior  end  three  whip-like  fiagella  project.  From  the  base  of  their  attachment  to 
about  the  center  of  the  body  an  undulating  membrane  is  attached.     This  is  occasionally  pro- 


FlG.  128. — Trichomonas  vaginalis  (after  KoUiker  and  Scanzoni). 

vided  with  five  or  six  small  cilia.  The  body  substance  is  usually  finely  granular,  colorless,  and 
apparently  without  a  nucleus.  The  organism  is  actively  motile,  through  the  agency  of  the 
fiagella.  It  was  found  by  Hausmann  in  about  40  per  cent,  of  pregnant  and  non-pregnant 
women,  but  it  is  probable  that  it  never  occurs  in  normal  vaginal  secretions.  It  is  most 
numerous  when  the  secretions  are  strongly  acid.  Dock  has  found  the  organism  in  human 
urine. 

It  is  very  uncertain  whether  the  trichomonas  has  any  pathologic  significance. 

The  Tricliomonas  intestinalis  is  a  slightly  larger  organism,  measuring  about  from  10  to 
IS  (1  X  7  /I.     The  anterior  end  is  more  blunt  than  in  the  other  species,  and  the  tall  is  sharper. 


Fig.  129. — Trichomonas  intestinalis  (after  Zenker). 


Fig. 


130.- 


-Cercomonas  coli  (after 
May). 


The  undulating  membrane  is  larger  and  has  from  10  to  12  cilia.    There  are  usually  four  fiagella 
(Grassi).     It  is  improbable  that  it  is  of  pathogenic  importance. 

Megastoma  entericum  is  a  common  parasite  of  the  intestine  of  the  mouse  and  an  occasional 
parasite  of  man.  It  measures  from  10  to  16/1  in  length  by  5  to  7.5/11  in  breadth.  It  has  an 
irregular  pear  shape  and  a  peculiar  excavation  situated  obliquely  near  the  broad  anterior  end. 


Fig.  131. — Megastoma  entericum  (after  Grassi  and  Schewiakoff). 


From  the  anterior  edge  of  this  depression  two  long  fiagella  arise,  while  from  its  inferior  or 
posterior  edge  a  group  of  four  fiagella  arise.  The  front  end  of  the  organism  is  blunt  and 
rounded,  the  posterior  end  sharply  pointed  and  provided  with  a  pair  of  fiagella.  Two  nuclei 
are  situated  near  the  blunt  end.  A  delicate  capsule  surrounds  the  finely  granular  cytoplasm. 
When  free,  the  organism  is  capable  of  rapid  movements.    As  a  parasite  of  the  intestine,  how- 
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ever,  it  probably  lives  by  absorbing  nourishment  from  epithelial  cells,  to  which  it  attaches 
itself  by  its  concave  depression.     The  organism  is  probably  harmless. 

Plasmodium  malariae,  Hsemamoeba  malarias,  or  Haematopliyllum  malarias 

is  a  parasite  of  great  importance  with  which  human  beings  become  infected 
through  the  bites  of  infected  mosquitoes.     At  the  time  such  a  mosquito  bites 


i  3  >^  •■  1 

Fig.  132. — Parasite  of  quartan  malarial  fever :  o,  b,  c,  d.  Enlarging  intracellular  parasites ; 
1;,/,^,  A,  segmentating  parasites  forming  a  distinct  roset  from  which  the  spores  separate;  i, 
macrogametocyte ;  _/,  microgametocyte ;  k,  ilagellum. 

small  filiform  embryos  of  this  parasite  escaping  from  the  cells  of  the  salivary 
glands  enter  with  the  proboscis  wound  and  cause  the  infection.  According 
to  Robert  Koch,  there  are  five  true  malarial  parasites : 

1.  The  parasite  of  tertian  fever. 

2.  The  parasite  of  quartan  fever. 

3.  The  Halteridium  Danilewskyi  (of  birds). 


Fig.  133. — Parasite  of  tertian  malarial  fever :  a,  h,  c,  d,  e,f,g,  Growing  pigmented  parasite  in 
the  red  blood  corpuscles ;  A,  spores  formed  by  segmentation  of  the  parasite — no  roset  is  found, 
but  concentric  rings  of  the  cytoplasm  divide ;  i,  macrogametocyte ;  j,  microgametocyte  with 
flagella. 

4.  The  Proteosoma  Grassii  (of  birds). 

5.  The  parasite  of  monkeys,  discovered  by  Kossel  in  Africa. 

The  life  history  of  these  parasites  is  probably  similar,  but  the  intermediate 
and  definitive  hosts  probably  differ  in  all. 
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The  entrance  of  the  "  blasts  "  or  embryos  by  the  puncture  made  by  the  proboscis  of  the 
mosquito  is  followed  by  the  infection  of  red  blood  corpuscles  to  which  the  embryo  at  first 
adheres,  and  into  which  it  subsequently  enters.  The  appearance  of  both  human  parasites 
(tertian  and  quartan)  is  identical  at  first,  each  appearing  as  a  small  hyaline  body  of  irregular 
shape.  This  body  slowly  enlarges,  becoming  distinctly  ring-shaped  in  the  tertian  form.  It 
soon  contains  pigment  from  destruction  of  the  corpuscle  upon  which  it  preys,  which  appears 
in  the  form  of  irregular  black  particles.  The  parasites  are  ameboid,  and  constantly  change 
their  form,  the  pigment  granules  flowing  this  way  and  that  way  with  the  cytoplasmic  currents. 
A  greater  number  of  pigment  granules  appear  in  the  tertian  parasites,  though  the  granules  are 
larger  in  the  quartan  parasites. 


Fig.  134. — Parasite  of  estivo-autumnal  fever :  a,  b,  c,  ring-like  and  cross-like  hyaline  forms ; 
d,  e,  pigmented  forms ;  f,  g,  segmentary  forms ;  h,  i,  j,  crescents. 


The  two  parasites  resemble  each  other  until  almost  as  large  as  a  red  blood  corpuscle,  when 
the  quartan  parasite  ceases  to  grow  and  proceeds  to  sporulate.  The  pigment  granules  that 
have  been  distributed  irregularly  over  the  surface  now  pass  to  the  center,  and  the  cytoplasm 
divides  into  eight  or  ten  divisions,  the  lines  of  cleavage  descending  from  the  surface  of  the 
parasite  to  its  center.  This  cleavage  soon  progresses  until  a  perfect  roset  is  formed,  the  pig- 
ment granules  in  the  center,  the  whole  still  surrounded  by  the  shell  of  the  former  blood  cor- 
puscle. With  the  final  disintegration  of  the  corpuscle  the  segments  of  the  parasite  fall  apart, 
and  eight  spores  or  embryos  are  liberated,  ready  to  infect  new  corpuscles.  From  the  time 
of  the  first  infection  to  the  sporulation  of  the  quartan  parasite  the  interval  is  seventy-two 
hours. 

The  tertian  parasite  behaves  somewhat  differently  and  increases  in  size  until  it  is  consider- 


FlG.  13s.— Culex,  the  host  of  the 
filaria. 


Fig.  136. — Anopheles,  the 
host  of  the  malarial  organ- 
ism. 


Fig.  137. — Stegomyia, 
the  host  of  the  yellow- 
fever  parasite. 


ably  larger  than  an  erythrocyte,  when  it  undergoes  a  less  regular  cleavage  into  from  18  to  20 
spores,  without  the  roset  formation.  These  spores  similarly  penetrate  new  corpuscles  and 
begin  the  developmental  cycle  again.  The  entire  period  between  the  infection  of  the  cor- 
puscles by  the  embryo  parasites  and  the  perfect  development  and  final  segmentation  oi  these 
is,  in  the  tertian  parasite,  forty-eight  hours. 

The  earlier  writers  described  a  quotidian  parasite  which  appeared  sometimes  in  a  pig- 
mented, sometimes  as  a  non-pigmented,  form.  It  is  not  now  recognized,  quotidian  forms  of 
malaria  being  regarded  as  a  double  infection  with  the  tertian  parasite,  or  a  multiple  infection 
with  the  quartan  parasite. 

The  estivo-autumnal  form  of  malaria,  characterized  by  its  severity  and  by  the  large  number 
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of  parasites  in  the  blood,  among  which  are  numerous  peculiar  cresctntic  bodies,  is  probably  a 
variety  of  tertian  infection.  ^        i.         •  »i. 

The  developmental  cycle  described  is  complete  in  the  human  host,  but  there  is  another 
cycle  by  which  the  infection  is  originally  brought  to  man. 

Koch  mentions  three  discoveries  which  have  perfected  our  knowledge  oi  the  malarial  para- 
site :  (i)  The  discovery  of  the  parasite  by  Laveran ;  (2)  the  discovery  of  its  developmental 
cycle  in  man  by  Golgi,  and  (3)  the  discovery  of  its  developmental  cycle  in  the  mosquito  by 
Ross. 

The  mosquitos  that  propagate  malaria  are  not  the  common  cuUx,  which  swarm  everywhere 
over  all  the  world,  but  a  larger,  and  in  most  cases  rarer,  genus.  Anopheles. 

Before  following  the  parasite  in  the  mosquito,  however,  it  will  be  necessary  to  speak  of 


Fig.  138. — Developmental  cycle  of  the  malarial  parasite  in  the  mosquito :  a,  i,  c,  Zygocytes ; 
<f,(r,  meres  with  contained  blasts';  ,^,  free  blasts ;/ blasts  migrating  into  the  salivary  gland- 
cells  (from  Manson). 

certain  peculiar  forms  that  the  parasite  assumes  in  the  blood  of  man,  and  that  have  nothing  to 
do  with  the  life  cycle  described.  The  most  noticeable  of  these  is  the  crescentic  body  of  the 
estivo-autumnal  fever.  It  is  an  elongate,  slightly  curved,  crescentic  body,  with  a  collection  of 
pigment  near  the  center.  The  nature  of  these  bodies  puzzled  observers,  and  it  is  only  recently 
that  they  have  been  recognized  as  the  gametocyies.  Crescents  occur  rarely  in  tertian  fever,  and 
only  in  the  pernicious  form,  but  large  rounded  bodies  analogous  to  them  are  commonly  found. 
Of  these,  one  is  large  and  has  a  clear  substance ;  the  other  is  smaller  and  has  a  more  granular 
substance.  From  the  latter  peculiar  filaments  are  sometimes  given  off,  forming  what  have  been 
described  since  the  time  of  Laveran  as  ''flagellated  bodies."  If  the  blood  containing  these 
parasites  is  kept  moist  for  a  time  and  frequently  examined  under  the  microscope,  the  cytoplasm 
of  the  granular  organism  may  be  seen  suddenly  to  become  tumultuous,  and  extend  elongate 


Fig.  139. — Stomach  of  mosquito  with  zygocytes  on  the  outer  surface. 


filaments  with  energetic  lashing  movement.  These  remain  attached  for  a  few  moments,  then 
break  loose,  swim  away,  and  disappear.  These  were  for  a  long  time  supposed  to  be  some  kind 
of  degeneration  of  the  parasite,  but  MacCallum,  in  following  one  of  the  flagella  of  Halteridium 
danelewskyi,  found  that  it,  together  with  other  similar  bodies,  advanced  toward  one  of  the 
large  hyaline  bodies,  and  ultimately  formed  a  symbiosis  with  it.  The  same  fact  was  subse- 
quently determined  for  the  tertian  malarial  parasite.  This  symbiosis  is  undoubtedly  a  form  of 
sexual  fertilization.  The  large  hyaline  bodies  are,  therefore,  described  as  macro-gametocytes, 
the  flagella  as  micro-gametocytes ,  and  the  office  of  the  large  globular  forms  of  tertian  fever  and 
the  crescents  of  the  estivo-autumnal  fever  made  clear.  The  fertilized  parasite  is  called  a 
zygote  or  zygocyte.  Ross  found  that  the  sexual  symbiosis  took  place  in  the  stomach  of  the 
mosquito,  and  having  with  much  labor  determined  that  the  anopheles  were  the  proper  hosts  of 
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the  parasite,  discovered  that  the  zygocytes  penetrate  the  wall  of  the  stomach  or  mid-intestine 
of  the  mosquito,  and  remain  attached  to  its  outer  wall  as  pigmented  protoplasmic  bodies,  con- 
tinuing to  grow  until  many  times  the  original  size  is  attained.  They  next  undergo  division 
into  a  dozen  or  more  rounded  bodies  called  meres,  each  of  which  finally  undergoes  a  complete 
cleavage  into  a  multitude  of  small  filamentous  or  vermicular  spindles,  known  as  Hosts.  With 
the  formation  of  the  blasts  the  zygocyte  ceases  to  exist,  and  these  minute  embryo  parasites 
escape  free  into  the  body  cavity  of  the  insect,  making  their  way  to  all  parts  of  it,  but 
apparently  tending  toward  the  salivary  glands,  with  whose  secretion  they  are  eliminated.  It  is 
thus  seen  that  in  the  act  of  biting  the  mosquito  introduces  into  its  victim  a  number  of  the 
embryo  parasites  with  its  saliva.  If,  however,  the  mosquito  is  not  infected  and  no  blasts  are  in 
the  saliva,  no  infection  follows  its  bite.  The  blasts,  once  in  the  human  blood,  attack  the  cor- 
puscles and  begin  the  cycle  of  development  already  described  as  characteristic  of  the  organism 
in  man.  It  thus  appears  that  the  mosquito  is  the  definitive  host  of  the  parasite,  and  man 
only  the  intermediate  host. 

The  peculiar  life-history  of  the  parasite  having  been  established  by  independent  workers  in 
different  countries,  has  been  confirmed  over  all  the  world,  and  at  the  present  time  there  is 
scarcely  a  parasitic  affection  about  which  we  have  more  positive  and  correct  information. 

Malarial  fever  is  acquired,  so  far  as  we  are  informed  at  present,  solely  from  the  bites  of  the 
mosquitos  of  the  genus  Anopheles,  and  it  is  only  where  these  mosquitos  exist  that  there  is  dan- 
ger of  infection.  The  bite  of  the  anopheles  is,  however,  in  itself  as  harmless  as  the  bite  of 
the  commom  culex  except  when  it  is  already  infected  by  some  human  being  suffering  from 


Fig.  140. — Proteosoma  Grassii,  the  malarial  parasite  of  small  birds:  a,b,c,d,e,  Growing 
parasite  in  the  red  blood  corpuscle  (in  its  growth  the  parasite  displaces  the  nuclei  of  the  cor- 
puscles) ;  /  segmenting  parasite ;  /,  abnormal  segmentation  ;  ^,  gametocytes  with  flagella, 
apparently  conjugating;  h,  i,  abnormal  parasites  (modified  from  Opie). 

malaria.  Having  thus  become  infected,  the  mosquito  becomes  dangerous  from  the  time  the 
blasts  make  their  appearance  in  the  saliva,  which,  according  to  the  temperature,  varies  from 
eight  to  fourteen  days.'  Once  thus  infected,  a  mosquito  remains  dangerous  throughout  the 
remainder  of  its  life,  and  can  infect  a  number  of  human  beings  in  a  single  night  by  biting 
them.  Correspondingly,  a  single  human  being  may  infect  any  number  of  mosquitos  that  prey 
upon  him  in  a  single  night,  and  leave  behind  him  in  a  place  formerly  free  of  malaria  a  host  of 
infected  insects  capable  of  spreading  malaria  fever. 

Concerning  the  prophylaxis  of  the  disease,  Robert  Koch  suggests  that  all  who  enter  ma.Iari- 
ous  districts  and  are  in  danger  of  infection  keep  themselves  protected  by  the  use  of  quinin, 
and  that  the  systematic  use  of  quinin  among  cases  of  malaria,  by  destroying  the  parasites  in 
the  circulating  blood,  will  prevent  the  infection  of  new  mosquitos  and  so  limit  the  spread  of 
the  disease  and  probably  finally  exterminate  it. 

The  extermination  of  the  anopheles  mosquitos  is  an  almost  hopeless  task,  as  they  are  abun- 
dant, multiply  vigorously,  live  in  very  small  quantities  of  water,  and  have  a  very  short  embry- 
onal life.  Something  can  be  achieved  by  the  use  of  kerosene,  which,  when  poured  upon  the 
surface  of  ponds  or  puddles  so  as  to  make  a  film  upon  the  surface,  prevents  the  "  wigglers  "  or 
embryo  mosquitos  from  breathing.  Draining  and  filling  up  the  puddles,  ponds,  and  swamps 
are  excellent  expedients.  The  importation  and  multiplication  of  dragon-flies  are  scarcely  use- 
ful, as  the  latter  are  diurnal  insects,  while  the  anopheles  are  purely  nocturnal. 

In  the  absence  of  satisfactory  means  for  ridding  an  infected  district  of  the  mosquitos,  the 
one  thing  to  be  done  is  to  protect  ourselves  from  the  mosquitos,  and  the  work  done  by 
the  field  commissions  in  Italy,  both  by  the  Italians  and  by  the  English,  shows  positively  that 


278 


PARASITISM. 


the  most  malarious  districts  in  the  world  are  harmless  if  sufficient  precautions  are  taken  to 
^uard  against  mosquitos.  Mosquito-netting  in  all  the  windows  and  canopies  of  nettmg  over 
the  beds  will  do  more  good  than  any  other  means  for  the  prevention  of  malaria. 

The  anopheles  mosquitos  are  nocturnal,  and  are  very  rarely  seen  in  the  daytime,  hence 
the  danger  of  infection  is  at  night.  They  usually  fly  low,  so  that  the  danger  of  infection  is 
greater  upon  or  near  the  ground  than  at  some  altitude,  as  the  upper  stories  of  buildings  or 
upon  hills.    They  fly  by  preference  in  still,  dry  weather,  rather  than  in  a  stiff  breeze,  hence 
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Fig.  141. — Halteridium  Danilewskyi,  the  malarial  parasite  of  large  birds:  1,2,3,4,5, 
Showing  handle-shaped  parasites  in  red  blood  corpuscles;  6,  macrogametocyte,  the  nucleus 
of  the  corpuscle  extended ;  7,  microgametocyte  with  flagella ;  8,  9, 10, 11,  atypical  forms  of 
the  parasite  (modified  from  Opie). 

the  hot  still  nights  of  summer  are  more  dangerous  than  the  windy  ones.  The  insects  fre- 
quently hibernate  in  houses  and  in  warmed  rooms,  and  may  bite  during  the  winter,  so  that  infec- 
tion of  human  beings  is  by  no  means  limited  to  the  summer  or  to  warm  weather,  though 
during  the  warm  weather,  because  of  the  greater  number  of  mosquitos,  the  frequency  and 
danger  of  infection  are  greater  than  at  any  other  time  of  the  year. 

Yellow  fever  is  now  known  to  be  a  parasitic  disease,  probably  caused  by 
a  protozoan  organism.  The  parasite  is  not  known,  but  it  has  been  demon- 
strated that  a  mosquito  known  as  Stegomyia  fasciata  is  the  definitive  host. 


Fig.  142. — Pyrosoma  bigeminum.        Fig.  143. — Boophilus  bovis:  the  Texas  fever  tick. 

Pyrosomabigeminum  (Smith)  is  the  parasite  of  Texas  fever,  an  acute  and 
occasionally  chronic  febrile  affection  of  cattle,  for  the  most  part  confined  to 
warm  climates.  The  organism  is  known  only  as  it  appears  in  the  blood  of 
the  infected  animals,  where  it  occurs  as  an  intracellular  parasite  of  the  red 
blood  corpuscles.     It  is  very  small  and  of  a  pyriform  shape. 
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The  careful  researches  of  Smith  and  Kilbourne  have  shown  that  the 
definitive  host  of  the  parasite  is  the  common  cattle;tick  of  the  South,  the 
Boophilus  bovis.  The  tick  takes  the  parasite  into  its  body  with  the  blood  of 
its  host,  but  the  developmental  stages  it  undergoes  in  the  tick  are  unknown. 
It  is,  however,  peculiar  in  that  it  passes  into  the  eggs  of  the  tick  and  infects 


Fig.  144.- 


-Trypanosoma,  showing  multiplication  by  division  (from  Laveran) :  n,  Nucleus ;  c^ 
centrosome ;  m,  undulating  membrane  ;  f,  flagellum. 


the  newly  habited  embryos  so  that  these  have  the  power  of  imparting  Texas 
fever  to  cattle. 

A  pyrosoma  (Pyrosoma  hominis)  also  causes  "  tick  fever  "  of  man. 

Trypanosomiasis. — Trypanosomas  have  been  known  for  some  time  as  blood- 
parasites  of  rats  and  have  attracted  considerable  attention  because  of  their 
etiologic  importance  in  "nagana,"  or  Tse-tse  fly  disease,  a  common  and 
pestilential  epidemic  disease  of  cattle  in  parts  of  South  Africa,  and  "surra" 
or  "mal  de  Caderas,"  a  similar  affection  of  horses,  common  in  Asia  and 
South  America.  Trypanosomas  are 
also  known  to  be  the  cause  of  "  dou- 
rine  "  or  the  "  maladie  de  coit  "  of 
horses,  and  recent  investigations  have 
shown  the  presence  of  a  trypanosome 
in  the  cerebrospinal  fluid  in  cases  of 
African  lethargy  or ' '  sleeping  sickness' ' 
and  in  febrile  affections  of  human  be- 
ings exposed  to  the  bites  of  the  Tse- 
tse fly. 

The  trypanosomes  are  of  spindle 
shape,  longer  than  the  diameter  of  a 
red  blood  cell,  pointed  at  each  end, 
the  posterior  end  terminating  in  a 
long  flagellum.  Along  one  side  of  the 
body  an  undulating  membrane  is  at- 
tached. A  nucleus  and  a  centrosome 
can  usually  be  discerned.  The  organ- 
isms multiply  sometimes  by  longitudinal  cleavage,  sometimes  by  roset  formation. 

These  parasites,  with  the  exception  of  that  causing  dourine,  which  is 
transmitted  by  coitus,  require  definitive  and  intermediate  hosts.  The  defini- 
tive host  of  nagana  is  known  to  be  the  Tse-tse  fly  or  Glossina  morsitans,  and 
that  of  sleeping  sickness,  the  Glossina  palpalis.  The  parasite  of  surra  is  also 
a  fly,  probably  Stomoxys  calcitrans. 


Fig.  145. — Glossina  morsitans,  or  Tse-tse  ily. 
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II.  Worms.— A.  Cestodes.— The  worms  of  this  group  comprehend 
the  well-known  tape-worms.  They  may  be  large  or  small,  but  are  all  char- 
acterized by  a  flattened,  elongate  form,  segmented  body,  the  presence  of 
suckers,  and  sometimes  hooklets  by  which  to  attach  themselves,  and  by  the 


Fig.  146. — Tasnia  saginata  (Eichhorst) . 


Fig.  147. — Eggs  of  Taenia  saginata^ 


Fig.  148. — Mature  segments  of  Taenia 
saginata. 


Fig  149  — Head  of  T^nia  saginata 
(Mosler  and  Peiper) 


absence  of  an  alimentary  apparatus.  Nearly  all  these  worms  have  a  com- 
plicated life-cycle  requiring  two  hosts  for  its  completion.  They  are  all  her- 
maphroditic. 

The  adult  worm  is  known  as  a  strobile.     It  consists  of  a  small  head,  short, 
usually  narrow  neck,  and  a  series  of  segments  or  proglottides  varying  from 
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three  in  Taenia  echinococcus  to  thousands  in  Bothriocephalus  latus.  Each 
proglottis  is  in  itself  a  complete  sexual  animal  and  contains  a  large,  usually- 
branched  uterus,  which  receives  myriads  of  eggs  from  the  ovaries,  and  tes- 
ticular structures  with  vasa  deferentia.  The  sexual  opening  is  sometimes  at 
the  side  of  the  proglottis  (tenia),  more  rarely  at  its  inferior  edge  (bothrio- 
cephalus). Each  segment  when  ripe  contains  thousands  of  eggs.  The  ripe 
segments  detach  one  by  one  as  the  worm  grows,  and  though  myriads  of  eggs 
escape  from  the  segments  into  the  feces,  large  numbers  still  remain  in  the 
segments  passed  with  them.  The  eggs  eaten  by  the  appropriate  host  develop 
in  his  intestine  into  embryos,  which  migrate  from  that  viscus  to  the  voluntary- 
muscles  or  other  tissues,  and  there  repose  until  the  infected  tissue  is  eaten  by 
the  other  appropriate  host,  when  the  embryos  not  destroyed  by  cooking  or 
comminuted  by  the  teeth  develop  into  strobila  in  the  intestine.  The  embryo 
worm  in  the  quiescent  state  in  the  tissues  is  known  as  a  scolex,  the  cyst  in 
which  it  is  contained,  a  cysticercus. 

Ttsnia  mediocanellaia^  the  beef  tape-worm,  or  saginata,  is  the  most  common  tape-worm  in 
the  United  States.  It  is  a  large  worm,  measuring  from  4  to  8  meters  in  length.    The  head  is 
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Fig.  151. — Eggs  of  Taenia  elliptica. 


Fig.     150. — Taenia     elliptica 
(Mosler  and  Peiper). 


Fig.  152. — Mature  segments 
of  Taenia  elliptica. 


Fig.  153.— Head  of 
Taenia  elliptica. 


small,  being  only  about  2  mm,  broad.  It  is  flattened  at  the  top,  and  presents  four  rounded! 
suckers  upon  the  flattened  area.  There  is  no  rostellum  and  there  are  no  booklets.  The 
neck  is  short.  The  immature  anterior  proglottides  are  broader  than  long,  the  mature  pro- 
glottides longer  than  broad.  The  worm  is  nearly  white — a  sort  of  a  cream  white — in  color. 
Each  mature  proglottis  is  from  4  to  7  mm.  broad  and  from  16  to  20  mm.  long.  The 
sexual  opening  of  each  proglottis  is  in  the  side,  those  of  different  segments  usually  Alternating, 
first  upon  one  side  and  then  upon  the  other.  Within  the  segment  the  uterus  can  usually  be- 
seen  by  the  yellowish  color  imparted  by  the  contained  eggs.  The  uterus  extends  along  the 
middle  Une  of  the  segment,  giving  off  branches  on  both  sides.  Some  of  the  branches  are 
themselves  branched,  but  usually  they  are  simply  tubular  and  terminate  in  broad  cecal 
pouches. 

The  eggs,  when  ripe,  measure  0.03  mm,  in  diameter,  are  ovoid  in  shape,  and  are  surrounded' 
by  a  thick  shell  that  is  radially  striated  and  not  infrequently  shows  one  or  two  projecting  tail- 
like processes.     Within  the  ripe  eggs  four  booklets  of  the  embryo  can  usually  be  observed. 

The  strobile  of  this  worm  lives  in  man,  the  scolex  in  cattle  which  become  infected,  doubtless. 
from  soil  polluted  with  human  feces.  Man  derives  the  scolex  from  improperly  cooked  meat. 
The  worm  is  usually  solitary  in  man,  but  several,  and  sometimes  as  many  as  forty,  have  beeni 
found  in  the  same  host.     The  cysticerci  may  also  be  numerous  in  the  intermediate  host. 

When  the  eggs  of  this  parasite  are  swallowed  by  man,  they  develop  exactly  as  in  the  ox, 
and  man  himself  becomes  an  intermediate  host.  Though  many  cases  of  embryo  infection  or 
Cysticercus  cellulosie  occur  among  men,  it  is  not  known  that  the  strobile  ever  develops  in  cattle„ 
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Fig.  155. — Eggs  of  Taenia  solium. 


Fig.  156. — Mature  segments  of  Taenia  solium. 
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Fig.  154. — Taenia  solium  (Mosler 
and  Peiper). 
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Fig.  157. — Head  of  Taenia  solium 
(Mosler  and  Peiper). 
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this  probably  depending  upon  the  fact  that  cattle,  pot  being  flesh  eaters,  have  no  opportunity 
to  become  infected. 

The  scolices  of  the  cysticercus  disease  will  be  single  or  numerous,  according  as  few  or 
many  eggs  were  swallowed.  Usually  there  are  few,  and  unless  they  happen  to  take  up  their 
encysted  life  in  some  peculiar  position,  as  in  the  eye  or  brain,  there  is  nothing  to  direct  atten- 
tion to  them.  When  present  in  large  numbers,  they  may  cause  distinct  symptoms,  and  after 
death  the  httle  cysts  are  found  in  abundance.  The  cysticercus,  when  examined,  may  be 
recognized  by  its  cystic  form,  and  by  the  fact  that  there  is  invaginated  in  it  a  small  body  cor- 
responding to  the  head  of  the  tape-worm. 

As  ordinarily  seen  in  man,  the  Taenia  mediocanellata  is  a  comparatively  harmless  parasite 
whose  presence  provokes  no  other  disturbance  than  indefinite  digestive  and  reflex  symptoms. 

Tcenia  solium,  the  pork  tape-worm,  is  very  rare  in  this  country,  though  common  in  Europe. 
It  is  a  smaller  worm  than  the  preceding,  usually  not  longer  than  2  or  3  meters.  It  has  the  same 
color  and  general  appearance.  The  liead,  however,  is  quite  different  in  that  it  is  rounded  in 
form  with  a  projecting  rostellum,  armed,  upon  the  summit,  with  from  30  to  40  booklets  and 
four  lateral  suckers.  Hooklets  and  suckers  seem  solely  for  the  purpose  of  attachment.  The 
neck  is  about  i  cm.  long  and  is  followed  by  a  long  series  of  from  zoo  to  450  proglottides.    The 


Fig.  158. — Taenia  nana,  about  natural 
size  (Mosler  and  Peiper). 


Fig.  159. — Eggs  of  Tasnia  nana 
(Mosler  and  Peiper). 


Fl(3.  160. — Head  of  Taenia  nana  (Mertens).  FiG.  161. — Hooks  of  Taenia  nana  (Mertens). 


first  of  these  are  very  narrow  and  elongate,  but  soon  change,  and  hundreds  of  the  lower  seg- 
ments are  broader  than  long.     The  ripe  segments,  however,  are  much  longer  than  broad. 

The  sexual  openings  of  the  segments  are  situated  laterally  and  alternate  on  the  two  sides. 
The  uterus  is  of  the  same  general  appearance  as  that  of  the  Taenia  mediocanellata,  but  the 
lateral  branches  are  frequently  dendritic.  When  the  dendritic  appearance  is  well  developed, 
it  is  usually  characteristic  of  the  species. 

The  eggs  closely  resemble  in  size  and  shape  those  of  the  other  species,  but  are  perhaps  more 
globular. 

The  strobile  inhabits  the  human  intestine,  the  scolex  occurring  in  the  flesh  of  the  hog.  By 
swallowing  the  eggs  man  may  become  affected  with  the  cysticercus  disease — Cysticercus 
cellulosa. 

Tarda  elliptica  sive  cucumerina  is  the  tape-worm  of  the  cat  and  dog.  It  measures  from  15 
to  20  cm.  in  length,  and  is  delicate  and  slender,  being  made  up  of  elongate,  elliptic  segments. 
The  head  has  a  rhomboidal  form,  and  is  very  small.  It  is  provided  with  a  rostellum,  which 
can  be  projected  and  retracted,  bearing  about  60  small  hooklets  arranged  in  four  rows.  The 
strobile  has  a  slightly  reddish  color  from  the  presence  of  eggs  in  the  segments.  Each  segment 
has  a  double  genital  apparatus  with  a  sexual  opening  on  each  side. 

The  strobile  inhabits  the  cat  and  dog.  Sometimes  numbers  of  them  are  present  and  cause 
intestinal  irritation.    The  flea  is  supposed  to  be  the  intermediate  host. 
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Through  association  with  pet  cats  and  dogs  children  between  the  ages  of  nine  months  and 
three  years  have  been  known  to  become  infected  by  the  parasite.  Older  children  sometimes 
suffer ;  adults  are  very  rarely  affected. 

Tcenia  nana,  is  a  minute  tape-worm  of  about  2  to  3  cm.  in  length  and  0.5  mm.  in  breadth. 
The  source  of  the  worm  is  unknown,  though  it  is  suspected  that  certain  insects  or  snails  may 
be  the  intermediate  host.  It  is  thought  by  Grassi  that  the  worm  can  develop  from  eggs  with- 
out any  intermediate  host.  The  head  of  the  worm  is  rather  peculiar.  It  has  a  rostellum  that 
can  be  protruded  or  retracted,  armed  with  from  22  to  27  booklets.  There  are  four  suckers. 
The  neck  is  very  narrow.    There  are  about  200  segments,  all  broader  than  long. 


Fig.  162  — Tainia  echinococcus  ; 
enlarged  (Mosler  and  Peiper). 


Fig.  163. — Cross-section  through  echinococcus 

membrane  (Mosler  and  Peiper). 


The  worm  lives  in  the  small  intestine,  where  it  attaches  itself  by  sinking  its  head  for  some 
distance  into  and  below  the  mucous  membrane.  There  may  be  a  single  worm  or  there  may 
be  thousands.  It  is  a  common  parasite  of  dogs  and  cats,  and  not  uncommon  among  children. 
The  worms  cause  no  definite  symptoms. 

Trenia  Echinococcus. — The  adult  form  of  this  worm  is  very  small,  the  entire  strobile  not 
exceeding  4  or  5  millimeters  in  length,  and  consisting  of  only  four  segments.  The  head  has  a 
rostellum,  armed  with  a  circle  of  from  14  to  25  booklets  and  4  lateral  suckers.  Only  the  last 
segment  is  sexually  perfect,  containing  a  large  uterus.     The  sexual  opening  is  on  the  side  of 


Fig.  164. — Echinococcus  membrane  with 
curled-in  edges  (Mosler  and  Peiper). 


Fig.  165. — Head  of  echinococcus :  a.  Head  pro- 
truded ;  b,  head  drawn  in  (Mosler  and  Peiper). 


the  segment.     The  eggs  measure  from  17  to  30  y.  in  diameter  and  are  said  to  have  verv  thin. 
shells.  ' 

The  strobile  inhabits  the  dog  and  may  be  present  in  the  intestine  in  large  numbers      Man 
IS  the  mtermediate  host,  and  is  subject  only  to  the  cysticercus  disease. 

When  the  eggs  are  swallowed  by  man,  the  shells  are  digested  by  the  gastro-intestinal  juices, 
and  the  embryo  parasite  set  free.  It  does  not  remain  in  the  intestine,  but  immediately  migrates. ' 
to  the  liver  or  elsewhere  and  becomes  encysted.  The  cvst-wall  becomes  rather  thick,  has. 
a  blmsh-white  color,  is  brittle,  and  tends,  when  broken  dp,  to  roll  together  in  an  inverted 
form.  The  cyst-wall  consists  of  two  layers,  an  outer  cuticular  dense  layer  and  an  inner  par- 
enchymatous or  granulocellular  layer.  The  parenchymatous  inner  layer  is  of  <^reat  impor- 
tance in  the  subsequent  changes.  The  embryo  parasite  or  scolex  develops  into  the  cyst  con- 
taining clear  fluid,  its  own  identity  thus  being  obHterated.     The  cysts  vary  in  size  and  may 
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become  as  large  as  a  cocoanut.     As  the  cyst  increases  and  the  parasite  multiplies,  the  vary- 
ing changes  receive  different  names  : 

1.  Echinococcus  scoliciparicus. 

2.  Echinococcus  hydatidosus. 

3.  Echinococcus  multilocularis. 

I.  Echinococcus  scoliciparicus. — As  the  original  cyst  increases  in  size  little  buds  develop 


Fig.  166. — Development  of  ovum :   a,  Suspended  heads ;   b,  primary  rudiment  of  head ;  c, 
further  development ;  d,  intussusception  of  head ;  e,  later  budding.     X  90  ( Leuckart) . 

from  the  inner  granulocellular  layer  of  its  wall.  If  these  be  carefully  examined  with  the  micro- 
scope, they  are  found  to  have  booklets  and  suckers,  and  are,  in  reality,  embryo  parasites.  As 
these  embryos  increase  in  size  they  also  become  cystic,  and  from  the  walls  of  the  little  cysts 
new  parasites  develop  which  become  inverted  into  the  cysts.  In  this  way  a  large  number  ot 
new  embryos  is  constantly  developing  as  the  old  ones  die.     In  the  clear  fluid  of  the  cyst  large 


Fig.  167. — Multilocular  echinococcus.     Anterior  view  of  left  auricle  of  heart  (Waldstein). 


numbers  of  the  little  booklets  of  the  dead  worms  are  present,  microscopic  finding  of  which  is 
diagnostic  of  the  disease. 

2.  Echinococcus  hydatidvsus. — In  this  form  well-developed  cysts  occur  within  the  parent  cyst, 
and  sometimes  younger  cysts  within  them.  Thus,  there  is  a  cyst  with  daughter  and  grand- 
daughter cysts.  Occasionally  the  daughter  cysts  develop  outside  the  mother  cyst,  imperfec- 
tions in  the  cuticular  layer  or  accidents  to  the  cuticular  layer  permitting  the  escape  through  it 
of  some  of  the  parenchymatous  layer. 
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3.  Echinococcus  multilocularis. — This  form  consists  of  a  considerable  number  of  indepen- 
dent cysts  surrounded  by  rather  dense  connective  tissue.  The  cysts  encountered  are  usually 
dead  parasites. 


% 


Fig.  169. — Head  of  Bothriocephalus  latus :  a,  a, 
Bothridies ;  t,  neck  (Blanchard). 


Fig.  170. — Eggs  of  Bothriocephalus  latus 
(Hosier  and  Peiper). 


Fig.  168. — Bothriocephalus  latus 
(Eichhorst). 


Fig.  171. — Ripe  segments  of  Bothriocephalus  latus 
(Mosler  and  Peiper). 


The  echinococcus  cyst  as  it  occurs  in  man  may  be  dangerous  or  harmless  according  to  cir- 
cumstances. Its  occurrence  in  parts  of  the  body  readily  disturbed  because  of  the  pressure 
may  be  discomforting  or  dangerous.   Rupture  of  the  cysts  also  has  serious  results  in  some  cases. 
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In  most  cases,  however,  the  parasite  is  considerably  more  interesting  than  dangerous,  and 
when  discovered  at  autopsy,  is  frequently  long  since  dead.  Death  of  the  parasite  is  succeeded 
by  clouding,  inspissation,  and  mineralization  of  the  contents. 

The  prophylaxis  of  echinococcus  disease  is  involved  in  the  proper  regulation  of  the  asso- 
ciation between  man  and  his  friend,  the  dog.  The  disease  is  most  frequent  in  countries  and 
communities  in  which  man  lives  in  too  friendly  association  with  dogs. 

Bothriocephalus  latus. — This  is  the  largest  tape-worm,  and  indeed  the  largest  and  most 
formidable  parasite  of  man.  It  measures  from  5  to  9  meters,  and  may  have  as  many  as  4000 
proglottides,  which  are  characterized  by  great  breadth  and  a  very  prominent  central  uterus, 
which  appears  as  a  dark,  roset-shaped  spot  in  the  center  of  the  segment.  The  head  is  elongate 
and  clavate,  has  no  rostellum  and  no  hooklets,  but  upon  each  side  has  an  elongate,  deep  groove. 
The  neck  is  stouter  than  in  most  tape-worms,  and  the  segmentation  begins  close  to  the  head. 
The  genital  opening  of  each  segment  is  in  the  center  of  the  posterior  edge  in  the  median  Hne. 
The  reproductive  apparatus  is  quite  different  from  that  of  the  other  worms,  the  uterus  being 
coiled  instead  of  complexly  branched,  as  in  Taenia  solium. 

It  is  supposed  that  the  scolex  lives  in  the  pike.  The  strobile  only  is  known  in  man.  It  is 
supposed  that  the  eggs  undergo  some  development  in  water  before  being  taken  up  by  the  fish 
and  beginning  their  development  in  it.  It  has  been  experimentally  shown,  however,  that  when 
the  embryos  of  this  worm  are  eaten  by  man,  they  develop  at  once  into  strobila. 

The  eggs  differ  from  those  of  other  tape-worms,  and  the  presence  of  the  adult  worm  in 
the  host  can  be  recognized  by  an  examination  of  the  feces  and  discovery  of  the  eggs,  which 
are  characterized  by  a  kind  of  hinged  lid  at  one  pole.  ■ 

The  worm  is  more  common  in  Europe,  where  the  pike  is  more  highly  esteemed  for  food 
than  in  the  United  States.     It  is  usually  solitary,  but  many  have  been  found  in  the  same  patient. 

In  some  cases  the  worm  produces  anemia.  The  entrance  of  the  embryos  into  man  can  be 
prevented  by  sufficiently  cooking  the  fish  before  eating  it. 

B.  Nematodes  or  Roundworms. — These  are  characterized  by  an  elon- 
gate, cylindric  form.  They  are  not  divided  into  segments  like  the  tape- 
worms, and  usually  are  bisexual  instead  of  hermaphroditic.  They  are  pro- 
vided with  alimentary  organs.  The  females  are  usually  larger  than  the 
males.  The  ova  are  formed  in  immense  numbers  and  develop  into  embryos 
which  more  or  less  closely  resemble  the  adult.  The  life-history  is  usually 
completed  within  a  single  host,  though  intermediate  hosts  are  required  for 
the  trichina.  In  some  forms  the  embryos  undergo  a  certain  development 
outside  of  the  body  before  entering  it.  Infection  is  almost  always  through 
the  alimentary  apparatus,  though  in  the  case  of  the  filaria  it  depends  upon 
the  bite  of  a  mosquito. 

Ascaris  lumbricoides. — This,  the  common  round  worm  of  the  intestine,  is  probably  the 
most  frequent  parasite  of  man.  The  females  attain  a  length  of  40  cm,,  the  males,  25  cm. 
They  vary  from  2  to  5  mm.  in  thickness.  The  color  is  pinkish  white,  and  the  worms  closely 
resemble  the  common  earth-worm  in  appearance.  Upon  close  examination,  however,  one 
finds  that  the  worms  are  characterized  by  four  longitudinal  ridges  running  their  entire  length, 
and  that  the  head  is  provided  with  three  fleshy  hemispheric  lips  surrounding  the  mouth. 
There  is  an  ahmentary  canal  reaching  the  length  of  the  organism.  The  sexual  organs  occupy 
the  posterior  half  of  the  body,  the  sexual  opening  being  at  the  junction  of  its  anterior  and 
middle  thirds.  The  eggs  measure  from  0.05  to  0,06  mm.  in  length  and  are  of  an  oval  form, 
their  surface  being  protected  by  a  clear,  irregular  coating.  The  contents  are  usually  granular, 
though  the  embryo  worm  may  sometimes  be  seen. 

The  worms  inhabit  the  small  intestine.  They  may  be  solitary  or  occur  in  large  numbers. 
As  a  rule,  they  are  harmless  parasites,  although  when,  from  disease,  the  intestine  becomes 
thinned,  they  sometimes  excite  perforation.  Their  chief  pathologic  importance  is  associated 
with  occasional  migrations  into  the  upper  alimentary  passages,  the  larynx,  pharynx,  Eustachian 
tubes,  bile-ducts,  etc.  All  these  migrations  are  attended  with  symptoms  varying  according  to 
the  obstructive  or  other  damage  that  may  be  done.  ' 

The  ascarides  of  the  lower  animals  are  of  different  species,  Ascaris  mystax  being  common 
in  cats  and  dogs,  Ascaris  megalocephalus  in  horses.  It  is  quite  probable  that  the  ascarides  of 
hogs  and  sheep  are  identical  with  those  of  men,  and  care  should  be  exercised  that,  through 
carelessness  about  slaughter-houses,  the  infection  does  not  spread.  Each  worm  passed  by  a 
human  being  should  be  destroyed  by  fire,  or  in  some  way  that  will  destroy  all  the  eggs.  A 
person  infected  should  be  given  a  strong  vermifuge,  so  that  the  worms  be  discharged  from  the 
bowels  and  destroyed.  General  cleanliness,  washing  the  hands  before  eating  so  that  all  traces 
of  earth  be  removed,  etc.,  will  do  much  to  prevent  infection. 

■  Oxyuris  vermicularis. — This  is  the  "pin-worm"  or  "  seat -worm  "  so  common  among 
children,  though  in  rare  instances  also  affecting  adults.  The  female  worm  measures  from  10 
to  12  mm.,  the  male,  from  2.5  to  5  mm.,  in  length.  The  posterior  end  of  the  male  is  blunt 
and  curved  upon  itself;  that  of  the  female,  elongate.  The  eggs  are  about  S  »i  in  length. 
The  embryo  worm  is  often  visible  within  the  egg.     The  parasites  live  in  the  large  intestine, 
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Fig.  173. — Eggs  of  Ascaris  lumbricoides 
(Mosler  and  Peiper). 


Fig.  172. — Ascaris  lumbricoides  (female) 
(Mosler  and  Peiper). 

from  which  they  and  their  eggs  are  discharged.     They  usually  occur  in  large  numbers.     The 
parasites  are  harmless,  but  a  tendency  to  nocturnal  migration  leads  to  much  annoyance. 


Fig.  174. — Oxyuris  vermicularis  (female,  enlarged)  (Mosler  and  Peiper). 
a       b 


Fig.  175. — Oxyuris  vermicularis  (natural  size) :  a.  Female; 
b,  male  (Mosler  and  Peiper). 


Fig.  176. — Oxyuris  vermicularis.     Eggs  in  various 
stages  of  development  (Mosler  and  Peiper). 


Fig.  177. — Oxyuris  vermicularis 
(male,  enlarged)  (Mosler  and 
Peiper). 


The  worms  leave   the  rectum  and  enter  the  vagina  and  urethra  in  girls,  and  sometimes  pass 
■beneath  the  prepuce  in  boys,   causing  irritation  and  itching.      Masturbation    may    follow 
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this  irritation  in  boys.  Children  of  both  sexes  scratch  the  anus,  thus  talcing  up  the  eggs 
under  and  about  the  finger-nails  and  subsequently  carrying  them  to  the  mouth.  The 
eggs  being  swallowed,  hatch  in  the  upper  intestine,  and  the  female  worms  there  become 
impregnated.  In  this  manner  the  children  constantly  reinfect  themselves,  so  that  the  worms 
usually  occur  in  large,  not  small,  numbers. 

The  destruction  and  removal  of  the  parasites  already  present  in  the  intestine  and  scrupu- 
lous care  concerning  cleanliness  are  the  best  prophylactic  measures. 


Fig.  178. — Trichocephalus  dispar  (female)  (Mosler  and  Peiper). 

Trichocephalus  dispar. — The  "whip-worm  "  is  a  small  and  inoffensive  parasite  of  the  large 
intestine  of  man.  It  is  common  in  Syria  and  Egypt.  Its  peculiarity  is  that  the  anterior  two- 
thirds  of  the  body  are  extremely  slender  and  thread-like,  while  the  posterior  third  is  thicker, 
like  the  handle  of  a  flexible  whip.  In  the  male  the  posterior  portion  is  not  only  thick,  but 
spirally  coiled,  while  in  the  female  it  is  straighter.     The  total  length  of  the  worm  is  between 


Fig.  179. — Trichocephalus  dispar :  a,  Female ;  b,  male  (natural  size)  (Heller). 

4  and  5  cm.  The  eggs,  which  have  a  peculiar  button-like  protuberance  at  each  end,  resemble 
diminutive  lempns,  and  are  about  0.55  mm.  in  length. 

The  worms  are  usually  multiple,  and  live  in  the  cecum  and  vermiform  appendix.  The 
worm  is  probably  harmless,  though  it  has  been  claimed  that  it  sucks  blood  and  so  endangers 
its  host. 

Trichina  (Trichinella) spiralis. — This  is  a  small,  but  troublesome,  parasite,  which  under- 


FlG.  180.— Fresh  muscle  trichmEe  (Mosler  and  Peiper). 


goes  development  in  two  hosts.  It  occurs  in  man,  hogs,  rats,  mice,  cats,  and  other  animals. 
Man  becomes  infected  through  eating  imperfectly  cooked  meat,  especially  pork,  containmg  the 
embryos  in  an  encysted  form. 

The  gastric  juice  dissolves  away  the  wall  of  the  cyst  and  liberates  the  embryo,  which 
rapidly  develops  into  a  sexually  perfect  adult,  becomes  impregnated,  and  proceeds  to  discharge 
embryos.    Sometimes  these  are  liberated  directly  into  the  intestine ;  sometimes  the  female 
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worm  burrows  beneath  the  epithelium,  connects  itself  with  one  of  the  lymphatics  of  the  intes- 
tine, and  discharges  the  embryos  there.  They  are  taken  through  the  lymphatics  for  some  dis- 
tance, and  must  eventually  reach  the  blood,  as  the  metastatic  distribution  of  the  worm  is  very 
wide.  Most  of  the  embryos  finally  come  to  rest  in  the  voluntary  muscles,  where  they  coil  up 
and  become  encysted.  The  muscles  most  frequently  infected  are  the  diaphragm,  the  thoracic 
and  abdominal  muscles,  and  lastly  those  of  the  limbs.  Becoming  thus  encysted,  the  worms 
await  the  coming  of  some  new  animal  to  devour  the  muscle  in  which  they  lie,  in  order  that 
further  development  may  go  on. 

The  period  during  which  the  worm  develops  in  the  intestine  is  three  days.  The  embryos 
probably  reach  the  muscles  about  ten  days  after.  The  muscular  invasion  seems  to  take  place 
in  successive  crops.     In  two  or  three  weeks  they  become  encysted.     Some  of  the  encysted 


Fig.  i8i. — Intestinal  trichina  (female,  enlarged)  (Mosler  and  Peiper). 

worms  die  and  become  calcified.  The  capsules  may  become  mineralized  while  the  worm  still 
remains  alive. 

The  symptoms  are  serious.  While  the  embryos  are  being  discharged  in  the  intestine,  the 
host  suffers  from  colicky  pains  of  the  abdomen,  vomiting  and  diarrhea,  and  may  go  into  col- 
lapse. As  the  worms  migrate  and  establish  themselves  in  the  muscles  the  symptoms  change  to 
muscular  disturbance,  with  paiii  and  fever.  As  the  worms  in  large  numbers  occasion  some 
degeneration  and  atrophy  of  the  tissues,  muscular  weakness  may  be  a  later  symptom. 

The  adult  female  worm  measures  from  2  to  4  mm.,  the  male,  1.5  mm.,  in  length.  The  eggs 
develop  into  embryos  while  still  within  the  mother.  The  embryos  found  in  the  intestinal 
tract  are  from  0,1  to  0.16  mm.  in  length,  the  anterior  part  being  thicker  than  the  posterior. 
Many  of  them  are  discharged  in  the  feces  and  others  die. 

The  remedies  against  the  disease  are  simple.  First,  meat  should  be  carefully  inspected, 
and  "measly  pork"  condemned  as  unfit  for  food;  second,  all  pork  should  be  thoroughly 
cooked  before  it  is  eaten. 

Uncinaria  (Ankylosiomd)  duodenalis. — This  is  a  small,  though  dangerous,  parasite  that  lives 
in  the  upper  intestine  of  man  by  sucking  blood  from  the  mucous  membrane.     The  female 


Fig.  182. — Uncinaria    duodenale :    a,  Male,  natural  size;   b,  female,  natural   size;  c,  male, 
magnified;  d,  female,  magnified;  «,  head,  greatly  magnified  ;  ///,  eggs  (von  Jaksch). 

worm  measures  from  7  to  16  mm.,  averaging  about  11  mm.  in  length  and  0.63  mm.  in  breadth. 
The  male  is  shorter  and  more  slender,  being  from  7  to  11  mm.  long  and  0.46  mm.  in  breadth. 
The  head  of  the  worm  tapers  and  is  cylindric,  and  in  both  sexes  is  bent  at  an  acute  angle. 
The  mouth  opening  is  provided  with  six  sharp,  incurved  teeth  or  hooks  arranged  in  three  pairs. 
It  opens  into  an  esophagus  that  occupies  the  anterior  third  of  the  body.  The  orifice  of  the 
excretory  pore  into  which  the  excretory  canal  opens  is  beneath  two  cervical  papillae,  directed 
posteriorly.  A  second  opening,  in  the  female,  is  the  genital  pore  that  lies  below  the  middle  of  the 
abdomen.  The  posterior  end  of  the  female  is  rounded  and  tapering.  The  tail  of  the  male, 
however,  enlarges,  is  truncated,  and  shows  a  peculiar  three-fold  cuticular  process— the  copu- 
latory  bursa — looking  a  little  like  an  open  umbrella.     From  it  two  chitinous  spines  project. 

The  harm  done  by  the  worm  results  from  its  frequent  bites,  which  bleed  subsequently,  the 
loss  of  blood  when  many  parasites  are  present  and  moving  from  place  to  place  and  frequently 
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biting  the  mucous  membrane,  being  very  considerable,  and  even  in  some  cases  ending  in 
symptoms  not  easily  differentiated  from  pernicious  anemia.  A  characteristic  of  the  anemia  is 
a  marked  eosinophilia. 

The  eggs  of  the  parasite,  which  appear  in  the  feces  of  infected  persons,  are  oval,  thin 
shelled,  doubly  contoured,  and  measure  from  0.36  to  0.63  mm.,  according  to  different  observers. 
The  eggs  are  fertilized  in  the  organs  of  the  female.  In  the  human  intestine  they  segment 
twice,  but  further  development  has  not  been  observed.  The  number  of  eggs  is  immense, 
Leichtenstern  having  estimated  that  one  stool  contained  4,216,930  eggs  of  this  parasite.  The 
eggs  develop  when  the  stool  is  exposed  to  oxygen,  and  in  from  three  to  four  days  the  embryos 
are  visible  in  the  eggs  ;  in  about  two  days  more  they  break  out  and  begin  active  movements. 
At  this  time  they  measure  from  0.2  to  0.5  mm.  in  length  and  from  0.015  *o  0.017  mm.  in 
breadth.  They  begin  to  grow  at  once,  and  soon  produce  an  additional  encapsulating  cuticle 
in  the  form  of  a  thick  hyaline  sheath.  In  some  cases  the  sheaths  mineralize.  The  capsule 
thoroughly  protects  the  embryo  from  drying.  Water  seems  to  be  the  natural  habitat  of  the 
larva.     Infection  has  been  thought  to  take  place  through  drinking  infected  water,  and,  indeed. 


Fig.  183. — Anguillula  intestinalis 
(female)  (Perroncito). 


Fig.  184. — Anguillula  intestinalis 
(male)  (Perroncito). 


experiment  has  shown  that -when  the  larvae  just  described  are  taken  into  the  human  intestine, 
they  develop  into  adult  worms. 

This  is,  however,  probably  not  the  only  method  of  infection,  as  Looss  has  shown  experi- 
mentally that  when  water  containing  the  embryos  is  brought  into  contact  with  the  human 
skin,  the  embryos  begin  to  burrow  through  by  way  of  the  hair-follicles  and  sweat-glands,  a  form 
of  "ground  itch"  depending  upon  the  penetration  of  the  skin  of  the  feet  and  legs  by  these 
embryos. 

The  adult  worm  lives  in  the  small  intestine  and  may  be  present  in  small  or  large  numbers. 
It  usually  attaches  itself  firmly  to  the  mucous  membrane,  where  its  head  appears  in  contact 
with  a  petechial  point  about  which  there  is  a  considerable  sized  pale  area.  When  the  worm 
detaches  and  moves  to  another  point,  the  seat  of  its  attachment  continues  to  bleed  for  a  con- 
siderable time,  so  that  when  the  worms  are  numerous,  they  may  be  the  cause  of  a  marked 
anemia,  which  may  become  so  intense  as  to  resemble  pernicious  anemia. 

A  curious  thing  about  the  worm  is  that  it  seems  for  some  reason  to  infect  persons  whose 
labor  is  in  tunnels,  mines,  and  other  earthworks,  very  severe  infection  having  been  observed 
among  the  workmen  who  dug  the  St.  Gothard  tunnel. 

The  prophylaxis  would  seem  to  be  simple.  The  stools  containing  the  eggs  should  all  be 
carefully  destroyed.  Water  likely  to  contain  the  embryos  should  be  carefully  boiled.  Fingers 
soiled  with  earth  should  not  be  carried  to  the  mouth  or  used  to  handle  food.  Care  should  be 
exercised  to  prevent  water  containing  the  embryos  from  coming  in  contact  with  the  skin  so  that 
workmen  in  infected  districts  should  wear  rubber  boots,  etc. 
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Uncinaria.  americana. — This  is  a  slightly  smaller,  closely  related  worm  of  wide  distribution 
in  America.  It  has  a  much  smaller  head,  smaller  and  blunter  teeth,  and  is  probably  much 
less  dangerous  as  a  parasite  than  its  European  relative. 

Anguillula  intestinalis. — This  is  an  actively  motile  little  worm,  measuring  about  2  mm. 
in  length,  inhabiting  the  intestine  and  the  ducts  communicating  with  it.  The  female  lives  only 
in  the  intestine  and  discharges  parthenogenetic  eggs  from  which  both  male  and  female  embryos 
develop.  These  embryos  differ  so  in  appearance  from  the  adult  that  for  a  long  time  they  were 
supposed  to  be  a  different  worm  and  were  called  Anguillula  stercoralis.  They  are  not  found 
in  fresh  feces,  and  at  autopsy  only  after  the  cadaver  has  been  dead  for  some  time.  The  female 
worm  is  the  larger,  and  has  its  posterior  extremity  drawn  out  to  a  fine  point  and  straight.  The 
male  has  a  thicker  and  more  curved  posterior  extremity  and  shows  two  spicules  on  the  cloaca. 


Fig.  185. — Filaria  embryo,  alive  in  the  blood  (F.  P.  Henry). 

The  embryos  grow  into  females  of  the  form  called  Anguillula  stercoralis,  and  by  this  indirect 
stage  subsequently  into  Anguillula  intestinalis. 

The  worm  occurs  chiefly  in  Asia  and  especially  in  Cochin-China.  It  is  of  no  pathologic 
importance. 

Filaria  sanguinis  hominis. — This  name  was  originally  applied  to  a  small  worm  that 
Wucherer  found  in  the  urine  of  a  case  of  hematuria,  which  was  later  found  in  the  blood,  in 
the  lymphatics,  and  in  chylous  urine.  It  seems  that  the  worms  found  under  these  different 
conditions  are  not  all  the  same,  hence  the  original  name  has  become  common  to  what  are  now 
recognized  as  a  number  of  different  species. 

The  most  common  species  is  that  known  as  Filaria  nocturna.  The  adult  worm  is  very 
rarely  found.  It  measures  from  8  to  10  cm.  in  length,  and  lives  in  the  larger  lymphatic  vessels. 
No  eggs  are  laid,  but  living  embryos  are  discharged  in  large  numbers  into  the  lymphatics,  from 
which  they  enter  the  blood.  These  embryos  are  distinctly  vermicular,  and  measure  about 
0.216  mm.  in  length  and  0.004  ™m.  in  thickness.  Each  embryo  is  surrounded  by  a  hyaline 
sheath.     Its  structure  is  homogeneous,  except  at  the  center,  where  it  may  appear  granular. 


Fig.  186. — Filarial  worm  {a)  in  proboscis  of  Culex  pipiens. 


The  embryos  bemg  m  the  blood,  escape  into  the  urine  with  the  corpuscles  when  attacks  of 
hematuna  occur,  hence  the  original  discovery  of  the  parasite  in  the  urine.  Through  some  not 
understood  peculiarity  the  embryos  appear  only  in  the  circulating  blood  during  the  hours  of 
rest  For  most  persons  this  is  at  night,  but  when  the  conditions  of  life  are  altered  and  one 
works  at  night  and  sleeps  by  day,  the  parasites  appear  inthe  blood  in  the  daytime. 

The  parasites  may  be  quite  numerous,  several  embryos  being  present  in  a  single  cover- 
glass  preparation  of  the  blood.  They  are  active  in  their  movements,wriggling  actively  but  not 
appearing  to  progress. 

Manson  was  the  first  to  suggest  that  the  mosquito  might  be  concerned  in  the  further  life- 
history  of  the  filaria,  and  by  feeding  mosquitos  upon  blood  containing  them,  observed  that  the 
embryos  underwent  a  further  growth  in  the  insects.     He  supposed  that,  having  withdrawn  the 
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insects  in  the  blood  they  suclted,  they  flew  off  to  pools  of  water  in  which  to  deposit  their  eggs, 
and,  dying  there,  the  filaria  contained  in  their  bodies  were  set  free,  continued  their  develop- 
ment in  water,  and  infected  man  by  water  which  he  drank  or  by  boring  through  his  skin  as  he 
bathed. 

Low,  however,  observed  that  the  filarial  embryos  after  entering  the  mosquito's  body  cast 
their  sheaths,  bore  through  the  intestine  of  the  insect,  enter  the  body  cavity,  and  find  their 
way  to  its  head,  where  their  tendency  is  to  enter  the  proboscis.  This  led  him  to  believe  that 
the  infection  of  man  takes  place  through  mosquito  bites,  the  warmth  and  taste  of  blood  which 
they  receive  when  the  insect  bites  causing  them  to  leave  their  position  in  the  proboscis  and 
enter  the  wound. 

In  many  cases  the  filaria  live  in  the  body  without  occasioning  any  symptoms.  In  other 
cases  they  cause  pains  in  the  back,  abdomen,  perineum,  etc.,  chiefly  from  lymphatic  obstruc- 
tion, and  lead  to  various  enlargements,  such  as  lymph-scrotum  and  elephantiasis.    The  worms 


Fig.  187. — Elephantiasis  of  the  scrotum.     Weight,  no  pounds, 
removed  /Cantlie). 


Successfully 


have  sometimes  been  found  in  the  lymph.  The  lymphatic  obstructions  may  lead  to  chyluria, 
and  the  presence  of  worms  in  the  blood  may  cause  hematuria. 

The  Filaria  ferstans  occurs  in  the  blood  at  any  time,  night  or  day.  Manson  believed  it 
to  be  the  cause  of  the  African  sleeping  sickness,  as  well  as  of  a  certain  skin  disease  known  as 
craw-craw.  Only  the  embryo  worms  are  known.  The  Filaria  diurna  occurs  in  the  blood' 
only  in  the  daytime.  Other  forms  of  filaria  have  been  found  in  the  lens  of  the  eye  (Filaria 
lenlis)  in  a  case  of  cataract ;  in  a  pustule  on  the  lip  (Filaria  ladialis)  ',,in  the  mouth  of  a 
child  (Filaria  hominis  oris)  ;  and  in  the  urine  (Filaria  restiformis).  Filaria  also  occur  in  the 
dog  and  in'other  animals. 

The  Culex  ciliaris  or  Culex  pipiens  is  the  definitive  host.  The  prophylaxis  is  simple,  as 
the  free  use  of  wire  netting  in  the  windows  and  nets  over  the  beds  seem  to  be  as  much  as  can 
be  done  at  present  in  preventing  infection. 

Filaria  medinensis. — The  "  Guinea-worm  "  is  a  round  worm  about  a  meter  in  length  arid 
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very  slender.  It  occurs  in  the  tropical  districts  of  Asia  and  Africa,  especially  in  Arabia,  Abys- 
sinia, and  Guinea.  Only  the  adult  worm  is  known,  and  only  the  female  is  known  with  certainty.  It 
inhabits  the  subcutaneous  tissue  of  the  lower  extremities,  where  it  occasions  inflammatory  lesions 
not  unlike  carbuncles.  How  the  infection  originally  takes  place  is  not  known,  but  it  is  thought 
that  the  embryos  are  able  directly  to  penetrate  the  skin  from  water  in  which  they  are  present. 
Another  view  is  that  the  embryos  live  in  minute  water  crustaceans  (cyclops),  and  that  infec- 
tion takes  place  by  swallowing  these  and  is  always  gastro-intestinal.  The  greater  part  of  the 
body  of  the  worm  consists  of  uterus,  and  from  an  ulcer  from  which  the  tip  of  the  worm  some- 
times protrudes  enormous  numbers  of  embryos  are  discharged,  this  discharge  taking  place  par- 
ticularly when  water  is  brought  in  contact  with  the  ulcer,  so  that  it  is  inferred  that  the  embryos 
live  in  the  water. 


Fig.  i88. — Filaria  medinensis 
(anatomic  collection,  Greifs- 
wald). 


Fig.  189. — Echinorrhynchus 
gigas  (feniale)  (Mosler  and 
Peiper). 


Fig.  190. — Male  of  Eu- 
strongylus  gigas  (natural 
size)  (Leuckart). 


Echinorrhynchus  gigas. — This  is  a  large  round  worm  living  in  the  small  intestine  of  the 
hog,  and  occasionally  infecting  man.  The  female  measures  from  31  to  50  cm. ;  the  male,  from 
7  to  10  cm.,  in  length.  The  head  is  armed  with  a  retractile  proboscis-like  rostellum  armed 
with  six  rows  of  booklets,  each  row  having  eight  spicules.  The  intermediate  host  is  thought 
to  be  the  larva  of  a  beetle. 

Eustrongylus  gigas. — This  is  also  a  large  round  worm,  about  i  meter  in  length,  which  is 
sometimes  found  in  the  pelvis  of  the  kidney,  ureter,  and  bladder  of  horses,  cattle,  and  dogs,  and 
very  rarely  in  man.  The  male  is  about  one-third  as  large  as  the  female.  It  is  of  a  brownish 
or  blood-red  color.  The  anterior  end  is  retracted,  the  mouth  surrounded  by  six  papillae. 
The  posterior  end  is  expanded,  and  a  spicule  projects  from  the  cloaca. 

Strongylus  longevaginatus. — This  is  a  rare  round  worm  occasionally  found  in  the  lungs  of 
sheep,  swine,  and  rabbits.  It  has  also  been  found  in  children.  The  female  measures  26  mm., 
the  male  15  to  17  mm.,  in  length  and  from  0.55  to  0.7  mm.  thick.  The  color  is  yellowish 
white.  The  uterus  is  filled  with  eggs  containing  coiled  embryos.  The  developmental  stages 
of  the  parasite  are  unknown. 

C.  Trematode  Worms. — These  comprehend  a  peculiar  and  somewhat 
varied  group,  consisting  chiefly  of  flattened  elliptic  organisms  that  attach 
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themselves  to  certain  structures  from  which  they  derive  their  nourishment  .by 
sucking.  The  individuals  are  usually  hermaphroditic,  but  in  some,  two  sexes 
occur.  The  developmental  cycle  may  be  simple  or  complex,  and  usually 
requires  the  sojourn  of  the  embryo  parasite  in  an  intermediate  host. 

Distoma  hefaticum. — This  worm,  known  as  -the  "  liver  fluke,"  inhabits  the  bile-ducts  of 
sheep  and  occasionally  of  man,  sometimes  occurring  in  large  numbers  and  provoking  danger- 
ous symptoms  by  obstruction  of  the  biliary  passages  and  enlargement  of  the  liver,  with  later 
degeneration  and  cyst  formation.  The  worm  is  flattened  and  elliptic,  and  pointed  bluntly  at 
each  end.  It  measures  from  15  to  35  mm.  in  length,  and  from  6  to  20  mm.  in  breadth.  The 
head  is  small,  and  forms  a  kind  of  snout  with  a  sucker  at  the  end.  A  second  sucker  arises 
from  the  ventral  surface  immediately  behind  the  short  neck.  Between  these  two  suckers  the 
sexual  opening  is  situated.  The  uterus,  which  makes  up  the  chief  part  of  the  body,  is  elon- 
gate and  consists  of  a  central  tube  with  numerous  lateral  dendritic  braiiches.  The  testicular 
organ  consists  of  a  delicate  series  of  coils.  The  animal  is  hence  hermaphroditic.  The  eggs 
are  oval  and  measure  0.09  mm,  by  0.14  to  0.15  mm.  The  One  end  is  slightly  flattened.  The 
eggs  develop  into  embryo  worms  in  water.  These  are  ciliated  on  all  sides.  Leuckart  believes 
that  a  water-snail  {Limncsus  minutus)  is  the  intermediate  host.  The  worm  may  produce  no 
pathologic  changes  or  may  bring  about  inflammatory  and  obstructive  disease  of  the  bile- 
ducts. 

The  choice  of  an  upland  dry  pasture  for  sheep  and  the  selection  of  a  pure  supply  of 


Fig.  191. — Eggs  of  various  worms  found  in  the  alimentary  canal  of  man :  A,  Ascaris  lum- 
bricoides ;  B,  C,  Oxyuris  vermicularis  ;  D,  Trichocephalus  dispar ;  E,  Uncinaria  duodenale  ; 
F,  Fasciola  hepatica;  G,  Dicrocoelium  lanceolatum ;  H,  Tsenia  solium  ;  I,  Taenia  saginata ;  K, 
Bothriocephalus  latus.     X  400  ( Mitchell). 


drinking-water  for  both  animals  and  men  will  probably  do  much  to  lessen  the  frequency  of  the 
infection. 

Distoma  lanceolatum. — This  is  a  smaller  and  more  slender  distoma,  measuring  from  8  to 
10  mm.  in  length,  and  having,  in  general,  a  lancet  shape.  The  anterior  end  of  the  body  is 
the  more  pointed.  It  has  two  suckers,  like  the  Distoma  hepaticum,  but  they  are  more  widely 
separated.  The  snout  is  provided  with  a  spread-out  membrane  somewhat  like  an  umbrella. 
The  eggs  are  oval  and  measure  from  0.04  to  0.045  by  0.03  mm.  The  embryo  seems  to  develop 
in  the  body  of  the  mother,  and  is  pear-shaped  and  ciliated  anteriorly.  The  intermediate  host 
is  unknown. 

The  parasite  occurs  under  the  same  conditions  as  its  close  ally,  and  the  two  species  fre- 
quently occur  together. 

No  special  symptoms  referable  to  this  parasite  have  been  described. 

Distoma  Hcematobium. — This  worm  is  an  extremely  common  and  wide-spread  parasite  of 
Africa  and  other  tropical  countries,  but  especially  of  Egypt,  where  Bilharz,  who  discovered  it, 
has  calculated  that  at  least  one-fourth  of  the  native  population  is  infected.  It  usually  occurs 
in  natives,  usually  among  the  lower  classes,  and  chiefly  among  boys  from  nine  to  sixteen 
years  of  age. 

The  worm  has  both  sexes,  which  live  in  the  portal,  abdominal,  and  cystic  veins.  The  eggs 
are  produced  in  immense  numbers,  collect  in  and  break  up  the  capillaries,  and  cause  ulcera- 
tions and  other  small  lesions  from  which  the  eggs,  together  with  considerable  blood,  escape 
into  the  urine. 

The  male  worm  is  the  stouter  and  larger  of  the  two.  It  measvires  from  12  to  14  mm. 
in  length  by  i  mm.  in  breadth ,  and  is  flattened.  The  surface  is  rough  and  covered  with  irregu- 
larities.    The  flat  body  of  the  male  usually  curves  so  as  to  inclose  a  central  canal  (canalis 


296 


PARASITISM. 


gynaecophorus),  into  which  the  female  worm  creeps  for  fecundation.  The  female  is  longer, 
more  slender,  and  smooth  on  the  surface.  It  measures  from  16  to  18  mm.  in  length  by 
0.13  mm.  in  breadth.  The  usual  suckers  appear  upon  the  head.  The  aUmentary  canal  ends 
in  a  bifid  cecum  between  the  terminations  of  which  the  sexual  organs  are  situated. 

The  eggs  are  often  contained  in  large  numbers  in  the  uterus  and  vagina  of  the  female, 
while  those  escaping  collect  in  masses  blocking  the  capillaries,  and  appearing,  on  section,  to 
the  naked  eye  as  small  grayish-white  points.  They  measure  about  0.12  mm.  in  length  and 
0.04  mm.  in  breadth.    Their  chief  peculiarity  is  that  each  is  provided  with  a  spine  that  usually 


Fig.  192. — The  liver  fluke,  Fasciola  hepaticum. 


Fig.  193. — Human  blood  fluke  (Schis- 
toma  or  Distoma  hEematobium) .  The 
female  is  partially  within  the  canalis  gynee- 
cophorus  of  the  male,     x  5  (Leuckart). 


projects  at  one  end,  though  sometimes  from  the  side.  The  shell  of  the  egg  is  thin,  the  con- 
tents granular.  The  embryos  do  not  escape  until  long  after  the  eggs  are  formed,  and  appear 
as  cylindric  bodies  with  conically  pointed  posterior  ends  and  elongated  snouts  anteriorly. 
They  are  ciliated  and  motile. 

The  developmental  history  of  the  embryos  and  the  mode  of  human  infection  are  unknown. 
It  is  supposed  that  they  live  in  water  and  enter  the  body  by  the  alimentary  tract. 

The  worms  when  in  the  body  lie  in  dilatations  of  the  veins,  especially  in  dilatations  of  the 
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Fig.  194. — Ventral  view  of  a  lung  fluke  from  man,  showing  anatomy :  ac,  Acetabulum ; 
ex.c,  excretory  canal;  i,  intestina'  caeca;  ov,  ovary;  t,t,  testicles  (Leuckart). 

cystic  veins,  from  which  Bilharz  repeatedly  extracted  them  at  autopsy.  The  wall  of  the 
bladder  becomes  chronically  inflamed  and  ulcerated  in  consequence  of  the  pressure  of  the 
groups  of  eggs  and  parasites  near  the  surface.  The  urine  is  first  discharged ;  as  the  bladder  con- 
tracts after  urination,  blood  is  expressed  and  hemorrhage  occurs. 

If  the  infection  depends  upon  the  embryos  in  drinking-water,  the  prophylaxis  is  easily 
achieved  by  careful  boiling — a  precaution  that  has  so  frequently  been  advised,  that  in  the 
tropics  no  water  should  be  consumed  without  it. 
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Paragonimus  westermanil  {DistoTna  pulTnonale  or  lung  fluke), — This  is  a  rare  parasite  in 
man,  but  one  that  has  a  wide-spread  distribution  among  the  lower  animals,  having  been  ob- 
served in  the  tiger,  cat,  dog,  and  hog.  It  is  more  frequent  in  oriental  and  tropical  countries 
than  elsewhere. 

It  is  a  hermaphrodite,  somewhat  resembling  the  Distoma  hepaticum,  but  thicker  and  more 
rounded  in  form.  It  measures  from  8  to  20  mm.  in  length  and  from  2  to  S  mm.  in  breadth. 
The  general  arrangement  of  the  suckers  and  genital  opening  are  similar  to  the  liver  fluke. 
Eggs  are  produced  in  large  numbers  and  discharged  from  the  lung  in  the  sputum.  Under 
proper  conditions  they  develop  into  miracida  or  ciliated  embryos  which  seem  destined  to  live 
in  water.  The  life  cycle  has  not  been  established,  but  it  seems  possible  that  the  intermediate 
host  is  a  snail — probably  z.  Umneus  called  "  «z'/za,"  The  intermediate  host  not  being  known, 
it  is  impossible  to  say  how  infection  takes  place.  The  adult  worms  live  in  the  bronchi,  where 
they  occasion  a  hemorrhagic  hemoptysis. 

Arthropoda. — The  amount  of  space  that  would  be  occupied  by  any  ade- 
quate description  of  the  larger  arthropods,  such  as  fleas,  lice,  bedbugs,  ticks, 
and  maggots,  that  occasionally  derive  their  nourishment  from  the  surface  and 
cavities  of  the  human  body,  would  be  so  considerable  that  we  leave  these 
comparatively  familiar  parasitic  forms  without  other  mention,  and  describe 
only  a  few  which,  because  of  their  importance  or  minuteness,  are  less  well 
known  to  the  average  reader. 

Sarcoptes  scabiet  or  Acarus  scaiiei. — The  "  itch-mite,"  which  was  the  cause  of  much  dis- 
sension among  the  scientific  students  of  Paris  in  the  early  part  of  the  nineteenth  century, 


Fig.  19s. — Male  acarus  (after 
Anderson). 


Fig.  196. — Female  acarus  (after  Anderson). 


was  finally  demonstrated  to  be  the  ca-ast  oi  scabies,  or  "the  itch,"  by  a  Corsican  student 
named  Renucci  in  1834,  the  discovery  of  the  male  mite  being  achieved  by  Kraemer  in  1S46. 
The  mites  are  very  small,  the  female,  however,  being  larger  than  the  male,  and  measuring 
0.4S  mm.  by  0.35  mm.  The  male  measures  0.23  mm.  by  0.16  mm.  To  the  niked  eye  the 
mite  appears  simply  as  a  minute  yellowish- white  point.  The  general  shape  resembles  that  of 
a  tortoise,  in  that  it  is  elongate  and  rounded,  with  wavy  transverse  folds  or  ridges.  Upon  the 
back  there  are  numerous  spines  and  scale-like  elevations  and  thorny  processes.  The  head, 
which  can  readily  be  recognized,  is  armed  with  six  bristles.  There  are  four  pairs  of  legs,  each 
composed  of  five  joints.  The  anterior  limbs  terminate  in  suckers  attached  to  long  pedicles. . 
The  other  limbs  end  in  bristles.  The  female  has  two  vaginas,  one  of  which  is  used  for  copu- 
latory  purposes,  the  other  for  the  extrusion  of  ova.  The  eggs  are  eUiptic,  have  smooth  skins, 
and  measure  about  0.16  mm.  long  and  o.ir  broad. 

The  adult  female  lives  in  a  burrow  that  she  makes  in  the  superficial  layers  of  the  skin. 
The  animal  readily  bores  its  way  down  to  the  rete  mucosum  when  placed  upon  the  skin,  and 
so  causes  pain  and  itching.  The  mite  seems  to  subsist  upon  the  epithelial  cells  of  the  lower 
layers  of  the  skin.     The  female  continues  to  produce  and  discharge  ova  so  long  as  she  is 
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sequestered  in  the  burrow,  gradually  boring  her  tunnel  or  burrow  deeper  and  deeper,  moving 
on  and  on  and  leaving  the  embryos  behind. 

The  burrow  has,  however,  numerous  small  openings  that  serve  to  let  in  air  and  to  let  out 
the  embryos.  The  parasites  and  their  burrows  can  be  seen  with  the  naked  eye,  but  much 
better  with  a  lens.  They  occur  chiefly  upon  the  hands,  but  also  upon  other,  especially  fre- 
quently handled,  parts  of  the  body,  such  as  the  penis,  buttocks,  elbows,  knees,  etc.  The 
burrows  appear  as  delicate  white  lines,  the  mite  lying  as  a  distinct  point  in  the  blind  end.  They 
vary  from  one  to  several  centimeters  in  length. 

The  development  of  the  larva  in  the  eggs  requires  from  four  to  seven  days.  The  embryos 
differ  from  the  adults  in  that  they  are  smaller  and  have  only  six  legs.  They  soon  escape  from 
the  burrows,  wander  about  upon  the  surface  of  the  skin,  then  make  little  burrows  in  which  to 


Fig.  197. — Acarus  burrow  under  skin  of  human  finger 
(Fiirstenberg). 


Fig.  198. — Demodex  foUiculorum 
(Mosler  and  Peiper). 


cast  their  skins,  which  they  do  three  or  four  times,  so  that  it  takes  about  fourteen  days  for 
the  embryo  to  attain  sexual  perfection.     The  life  of  an  itch-mite  is  two  or  three  months. 

Itch-mites  are  not  parasites  of  man  alone,  but  infect  many  different  animals — horses, 
cattle,  hogs,  dogs,  cats,  rabbits,  camels,  dromedaries,  rats,  etc.  The  parasites  of  different 
animals  are  probably  of  different  species,  as  they  rarely  survive  longer  than  one  generation 
when  transplanted. 

Contagion  depends  solely  upon  the  accidental  adhesion  of  a  sexually  ripe  female  mite  to 
the  skin  that  has  been  in  contact  with  an  infected  person. 

Demodex  FoUiculorum.— This  is  the  sebaceous  gland  mite.  It  is  an  innocent  parasite  of 
man,  but  occasionally  causes  a  fatal  skin  disease  in  dogs.  It  occurs  in  man^  dogs,  cats,  swine, 
and  other  animals.  The  mites  measure  from  0.3  mm.  to  0.4  mm.  in  length,  and  from  0.04 
mm.  to  0.05  mm.  in  breadth,  the  female  being  the  larger.  It  has  an  elongate,  somewhat  worm- 
like appearance,  with  four  pairs  of  legs  on  the  anterior  half  of  the  body.  The  mites  live  in 
the  hair-folhcles  and  sebaceous  glands  and  in  the  comedones,  several  parasites  usually  Uving  in 
the  same  area.    They  also  occur  in  acne  pustules,  but  probably  accidentally. 


CHAPTER    IX. 

IMMUNITY. 

In  its  broad  sense,  immunity  means  exemption  from  disease.  In  the 
sense  in  which  we  here  employ  it  immunity  is  resistance  to  disease ;  suscepti- 
bility, the  opposite  condition,  receptivity  to  disease.  Predisposition,  also 
called  dyscrasia,  is  abnormal  susceptibility. 

Of  all  the  phenomena  of  disease,  there  are  few  so  complicated  as  those 
that  have  to  do  with  the  ability  of  the  organism  to  defend  itself  against 
injurious  agents. 

The  condition  may  be  natural,  by  which  is  meant  an  inherited  immunity 
peculiar  to  animals  of  one  kind,  or  acquired  through  various  accidental  con- 
ditions occurring  during  the  life  of  an  individual  and  peculiar  to  it,  not  its 
kind. 

Immunity  is  nearly  always  relative,  as  is  well  illustrated  by  the  case  of  the 
hedgehog,  which  can  resist  the  effects  of  serpents'  venom  in  amounts  ordi- 
narily injected  by  the  snakes,  but  will  succumb  to  larger  doses ;  absolute 
immunity  is  seen  in  the  cases  of  certain  of  the  lower  animals  which  feed 
habitually  upon  poisonous  plants  and  roots. 

Immunity  is  also  divided  into  histogenic  and  hematogenic  forms.  The 
former  depends  upon  tolerance  of  the  cells  to  the  noxious  influence,  or  their 
ability  to  combat  it ;  the  latter  upon  substances  contained  in  the  blood,  as 
alexins  and  antitoxins,  which  annul  the  toxic  substances. 

Active  immunity  is  histogenic  or  cytogenic  in  origin,  depending  upon  the 
activity  of  the  cells  in  protecting  themselves. 

Passive  immunity  is  hematogenic  and  depends  upon  the  presence  of 
vicariously  prepared  substances. 

I.  Natural  immunity  is  active  and  histogenic.  It  is  sometimes  accom- 
panied by  an  active  phagocytosis,  as  in  the  case  of  frogs  injected  with  anthrax, 
in  which  the  bacteria  soon  become  incorporated  by  the  leukocytes.  In  many 
cases,  however,  there  is  no  positive  evidence  that  phagocytosis  plays  any  im- 
portant role  in  the  phenomenon  which  seems  to  depend  upon  the  destruction 
of  the  micro-organisms  by  bactericidal  substances  in  the  body  juices. 

II.  Acquired  immunity  may  depend  upon  a  variety  of  conditions  by  which 
the  individual  is  modified  so  as  to  become  resistant  against  certain  injurious 
agencies.  The  relativity  of  immunity  has  already  been  discussed,  but  must 
be  considered  again  in  this  connection,  for  acquired  immunity  consists  in 
large  measure  of  the  exaltation  of  a  normally  existing  but  feeble  resisting 
power.  Thus,  when  an  animal  is  injected  with  one  of  the  proteid  poisons, — 
venom,  tetanus  toxin,  ricin,  etc., — the  dose  being  just  short  of  that  which 
would  otherwise  be  fatal,  it  becomes  ill  with  the  specific  symptoms,  but 
recovers.  In  the  reaction  the  animal  is  changed  in  some  way,  for  it  will  not 
again  react  in  the  same  manner,  and  to  the  same  degree,  to  the  same  dose. 
It  has  acquired  a  certain  degree  of  immunity  or  tolerance,  the  origin  of 
which  is,  in  the  present  state  of  knowledge,  very  uncertain. 

If  an  animal  be  inoculated  with  attenuated  black-leg  virus,  it  is  made 
ill,  and  an  infectious  process  is  set  up  which  may  cause  definite  symptoms. 
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After  recovery  the  animal  will  resist  inoculation,  experimentally  or  naturally, 
with  germs  of  the  highest  virulence  without  becoming  very  ill.  After  one 
or  two  injections  of  attenuated  anthrax  cultures  highly  susceptible  animals 
become  able  to  resist  virulent  bacilli.  After  vaccination  men  resist  small- 
pox. Not  only  do  experimental  evidences  thus  accumulate  to  interest  us, 
but  clinical  evidences  of  body  changes  produced  by  disease  abound.  It  is 
said  that  a  second  attack  of  yellow  fever  in  the  same  person  is  unknown. 


Fig.  199. — Phagocytic  cells  with  incorporated  bacilli  (Metschnikoff). 

Scarlatina,  measles,  mumps,  rotheln,  etc.,  of  the  childhood's  diseases  rarely 
occur  more  than  once  or  recur  only  at  long  intervals.  It  is  clear  that 
because  the  germs  of  these  diseases  have  lived  in  the  body  it  has  become 
changed,  strengthened,  and  is  able  to  combat  them  thereafter. 

It  is  not  impossible  that  the  natural  irritability  of  the  tissues  has  some- 
thing to  do  with  the  acquired  resistance  attained  by  contact  with  bacteria. 
Nearly  all  acquired  immunity  is  histogenic,  and  depends  either  upon  the 
■  direct  activity  of  the  cells,  as  shown  by  phagocytosis,  or  upon  the  production 


Fig.  200. — Leukocyte  with  incorporated  bacilli,  illustrating  phagocytosis  (Metschnikoif ). 

of  alexins,  by  which  the  bacteria  of  their  toxins  are  destroyed.  It  may  be 
possible  that  the  first  occurrence  of  a  specific  disease  is  accompanied  by  a 
certain  stimulation  of  the  cells,  whose  irritability  to  the  hitherto  unknown 
stimuli  causes  them  to  contract  and  become  inactive.  If  once  they  are  able 
to  endure  without  injury  the  effects  of  the  irritation,  the  same  stimulation 
will  not  again  influence  them  to  the  same  degree,  and  a  definite  grade  of 
immunity  is  attained.     Thus,  in  cases  of  black-leg  vaccination,  it.  has  been 
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found  that  in  the  first  attack  the  phagocytes  often  refuse  to  take  up  the 
bacteria,  so  that  for  a  time  there  is  a  varying  degree  of  extension  and  limita- 
tion of  the  disease  process.  By  and  by  the  phagocytosis  becomes  more 
active,  the  bacteria  are  taken  up  and  destroyed,  and  the  animal  recovers. 
In  all  subsequent  infections  the  leukocytes  immediately  take  up  the  bacilli 
and  destroy  them. 

Acquired  immunity  depends  in  part  upon  antitoxins.  Experiments  made 
to  show  that  it  is  the  antitoxin  formed  in  the  infectious  processes  that  con- 
fers the  immunity  usually  fail  to  demonstrate  the  presence  of  sufficient  anti- 
toxin in  the  blood,  and  all  the  evidence  points  to 'the  gradual  elimination  of 
the  antitoxin  by  the  excretory  organs,  so  that  it  is  almost  certain  that  per- 
manent acquired  immunity  cannot  depend  upon  it. 

The  artificial  introduction  of  antitoxic  serums  into  animals  invariably 
brings  about  perfect  immunity  against  the  disease  for  which  the  antitoxin  is 
specific,  but  induces  immunity  of  purely  passive  and  hematogenous  character 
of  limited  duration,  and  persisting  only  so  long  as  the  antitoxin  remains  in 
the  blood. 

Spontaneously  acquired  immunity  is  illustrated  in  yellow  fever, 
which  is  acquired  by  accident,  but  which,  upon  recovery,  leaves  a  permanent 
immunity  behind  it.  It  may  also  result  from  accidental'  infection  with  a 
slightly  different  disease  or  a  modified  form  of  the  same  disease,  as  in  vac- 
cinia, which,  when  accidentally  acquired  from  the  cow's  udders  during 
milking,  conveys  immunity  against  small-pox. 

Experimental  immunity  may  be  the  result  of  intentional  infection 
with  the  cause  of  the  disease,  as  in  the  old-fashioned  inoculation  against 
small-pox,  or  by  inoculation  with  vaccines,  such  as  are  now- used  to  prevent 
anthrax  and  black-leg,  and  consist  of  attenuated  bacteria  specific  for  the 
disease.  It  may  also  result  from  a  treatment  described  as  '•immunization,''^ 
in  which  carefully  regulated,  frequently  repeated,  progressively  increasing 
doses  of  the  bacterial  or  other  poison  are  given  until  tolerance  is  acquired 
and  immunity  attained.  This  form  of  immunity  is  one  of  the  most  difficult 
to  understand  and  merits  extended  discussion  under  the  term  forced  im- 
munity. 

Forced  immunity  is  an  unnatural  process  by  which  the  resisting  powers 
may  be  increased  to  an  extreme  degree.  It  is  most  interesting  and  instruc- 
tive to  observe  that  though  it  is  possible  to  render  naturally  susceptible 
animals  immune  against  certain  poisons  and  infectious  micro-organisms,  in 
amounts  many  times  that  which  must  have  been  fatal  in  the  natural  state, 
this  increase  of  resistance  cannot  go  on  indefinitely.  This  fact  is  well  shown 
in  the  experimental  work  done  in  connection  with  tetanus  and  diphtheria  in 
the  production  of  the  antitoxins.  The  horses  or  other  animals  used  are 
given  frequently  repeated,  constantly  increasing  doses  of  the  respective 
toxins  during  a  period  of  time  extending  over  months,  and  finally  acquire 
an  extraordinary  tolerance,  by  which  they  can  endure  hundreds  of  times  the 
originally  fatal  dose  of  poison.  It  appears  as  if  the  endurance  was  indefi- 
nite, yet  if  the  dosage  is  continued  beyond  a  certain  point,  which  probably 
differs  with  each  individual,  the  tolerance  ceases,  signs  of  poisoning  imme- 
diately appear,  and  the  animal  may  finally  succumb  to  doses  much  smaller  than 
those  it  has  been  in  the  habit  of  receiving.  This  phenomenon  is  not  at  all 
to  be  confounded  with  the  "  cumulative  action  "  of  drugs,  for  if  one  is  care- 
ful not  to  overstep  the  mark  of  tolerance,  the  administration  of  properly  reg- 
ulated doses  may  be  persisted  in  almost  indefinitely. 

The  most  interesting  phenomenon  of  forced  immunity  is  the  appearance 
in  the  blood  of  a  new  protective-  body  known  as  antitoxin.  By  antitoxin  is 
meant  a  peculiar  protective  energy  manifested  by  certain  proteids  contained  in 
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the  blood-serum  of  animals  with  forced  immunity.  The  protective  nature  of 
the  antitoxin  is  observed  when  blood  withdrawn  from  the  animal  is  intro- 
duced into  another  animal,  which  immediately  develops  a  degree  of  immu- 
nity exactly  in  proportion  to  the  quantity  and  strength  of  the  blood  injected. 
The  subject  has  been  most  thoroughly  worked  over  in  relation  to  diphtheria 
and  tetanus,  serpent's  venom,  and  ricin  and  abrin,  and  for  all  of  these  there 
are  specific  antitoxins  which  are  now  produced  commercially  and  investi- 
gated most  accurately  as  to  the  exact  protective  strength  contained,  this 
strength  being  expressed  in  units,  arbitrary  in  nature  and  varying  in  exact 
significance  with  each  kind  of  serum. 

Antitoxicity  is  a  phenomenon  of  immunity.  The  tolerance  attained  by 
the  animal  during  forced  immunization  does  not  depend  upon  the  antitoxin, 
else  the  phenomenon  of  hypersensitivity  to  the  poison  mentioned  above  could 
not  occur,  and  the  tolerance  to  the  poison  would  be  unlimited. 

The  action  of  antitoxin  is  not  exerted  upon  the  bacteria.  It  is,  as  its 
name  suggests,  an  antidote  for  the  toxin.  Antitoxins  are  formed  by  immu- 
nization against  ricin,  abrin,  venom,  arsenic,  and  other  poisons  not  bacterial 
in  origin,  as  well  as  the  powerful  micro-organismal  poisons.  The  protec- 
tive power  of  the  antitoxins,  therefore,  depends  upon  action  upon  the  poison- 
ous products  of  the  bacteria,  not  upon  the  destruction  of  the  bacteria  them- 
selves. 

In  what  manner  the  antitoxin  annuls  the  effects  of  the  poison  is  very 
uncertain.  It  is  thought  to  be  by  a  direct  chemical  action,  and  much  evi- 
dence has  been  brought  forward  to  show  this  to  be  the  case.  Thus,  when  a 
certainly  determined  fatal  dose  of  toxin  is  mixed  with  a  carefully  propor- 
tioned dose  of  antitoxin  that  will  annul  its  effect,  not  only  can  this  mixture 
be  introduced  without  harm  into  an  animal,  but  ten  times  and  one  hundred 
times  this  fata!  dose  plus  ten  or  one  hundred  times  the  protective  dose  can 
likewise  be  given  without  harm.  It  has  been  shown  tliat  when  ricin  and 
antiricin  are  brought  in  contact  with  each  other,  a  definite  chemical  reac- 
tion takes  place.  If  animals  immunized  by  antitoxin  injections,  so  that  sub- 
cutaneous injections  of  the  tetanus  toxin  are  without  effect,  are  injected  with 
the  toxin  into  the  brain,  they  succumb.  Behring  has,  however,  explained 
this  in  such  a  manner  as  to  make  it  support  the  theory  of  chemical  neutrali- 
zation, for  he  observes  that  the  antitoxin  in  the  blood-vessels  of  the  animal 
escapes  slowly  through  the  endothelial  cells  of  the  capillaries,  not  being  a 
dialyzable  substance.  If,  however,  the  toxin  is  injected  into  the  brain, 
where  it  can  act  upon  the  nerve-cells  before  it  comes  in  contact  with  the 
antitoxin,  its  effect  is  apparent.  If,  however,  during  the  operation  of  inject- 
ing into  the  brain,  the  blood-vessels  are  damaged  so  that  the  blood  may  flow 
out  and  mix  with  the  toxin,  the  antitoxin  it  contains  acts  upon  the  toxin, 
neutralizes  it,  and  no  effect  is  noted. 

Others  reject  the  chemical  theory  and  view  the  activity  of  antitoxin  as 
the  result  of  tissue  stimulation.  In  disproof  of  the  chemical  theory  it  has 
been  shown  that  if  mixtures  of  venom  and  anti  venene  were  made,  so  as  to  be 
neutral  for  rabbits,  and  were  then  heated  to  a  temperature  destructiye  to 
the  anti  venene,  but  not  destructive  to  the  venom,  the  protective  powc^r  dis- 
appeared, leaving  the  venom  unchanged  and  capable  of  killing  rabbits  ;  that 
mixtures  of  toxin  and  antitoxin  of  tetanus  which  were  harmless  for  animals 
of  one  species,  were  still  poisonous  for  those  of  other  species,  showing  that 
uncombined  toxin  remained  and  that  mixtures  of  toxin  and  antitoxin  neu- 
tral for  healthy  animals  were  poisonous  for  weak  or  ill  animals  of  the  same 
species. 

An  important  point  in  connection  with  antitoxins  is  the  specificity  of 
their  action.     Antitoxins  are,  as  a  rule,  specific  for  those  particular  toxins  by 
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whose  stimulations  they  were  produced.  There  are,  however,  enough  excep- 
tions to  this  to  make  it  probable  that  the  antitoxin  is  specific  only  in  that  it 
excites  to  activity  those  particular  cells  of  the  body  that  are  especially  acted 
upon  by  the  related  toxin.  Thus,  tetanus  antitoxin  protects  perfectly  against 
tetanus,  and  partially  against  serpent's  venom,  but  is  entirely  devoid  of  pro- 
tective action  against  diphtheria,  ricin,  abrin,  etc.  Antivenene  protects  per- 
fectly against  venom  and  partially  against  abrin,  but  is  inactive  against 
diphtheria,  tetanus,  and  ricin.  Antiabrin  protects  perfectly  against  abrin, 
and  incidentally  exerts  some  protection  against  diphtheria  toxin,  serpent's 
venom,  and  ricin.     Diphtheria  antitoxin  protects  only  against  diphtheria. 

Antitoxins  are  but  one  class  of  anti-bodies  formed  by  the  stimulated  or- 
ganism, and  since  their  discovery  there  have  been  demonstrated  many  others 
whose  actions  antagonize  rennet,  dissolve  tissue  elements,  prevent  coagulation 
of  the  blood,  dissolve  yeasts  and  bacteria,  and  occasion  other  extraordinary 
reactions.  Some  of  these  activities,  like  that  of  antitoxin  upon  toxin,  are 
direct,  but  others,  such  as  those  engaged  in  the  solution  of  cells,  are  indirect 
■ — i.  e.,  accomplished  through  the  intermediation  of  some  third  body.  There 
seems  to  be  no  doubt  but  that  the  cell-solvents  formed  by  the  repeated  intro- 
duction of  this  or  that  kind  of  cellular  tissue  into  the  body,  and  known  as 
cytotoxins,  are  to  play  an  important  part  in  explaining  many  not  now  under- 
stood pathologic  phenomena.  It,  therefore,  becomes  necessary  to  devote 
some  attention  to  them,  taking  first  the  antimicrobic  or  bacteriolytic  activity. 

In  various  forms  of  forced  immunity  the  blood  may  show,  in  addition  to 
its  antitoxic  phenomenon,  a  new  peculiarity  in  that  it  becomes  antimicrobic 
or  bacteriolytic,  and  so  able  to  dissolve  micro-organisms.  Bacteriolytic 
serums  are  produced  by  the  injection  of  the  bacteria  in  living  or  dead  culture. 
Like  the  other  anti-bodies,  they  are  specific.  That  is,  they  are  solvent  solely 
or  chiefly  for  the  particular  bacteria  used  to  excite  their  formation.  They 
are,  therefore,  specific  cytotoxins  active  upon  bacteria.  The  actual  solution 
of  the  cells  caused  by  bacterial  and  other  cytotoxins  seems  to  be  accomplished 
by  a  substance  always  present  in  the  normal  blood,  and  variously  known  as 
the  complementary  body,  alexin,  cytase,  lysin,  or  addittient.  This  is,  however, 
unable  to  act  except  in  the  presence  of  another  body  whose  presence  may 
result  solely  from  experimental  manipulation,  and  is  variously  called  ambo- 
ceptor, immune  body,  substance  sensibilisatrice,  desmon,  fixateur,  etc.  It  is,  in 
reality,  this  body  only  that  is  produced  in  consequence  of  the  immunization, 
but  its  presence  is  the  occasion  of  the  solvent  action  exerted  by  the  comple- 
mentary body  or  alexin.  The  specific  cytotoxic  serums  have  not  yielded 
practical  therapeutic  results,  as  have  the  antitoxic  serums,  because  no  means 
has  yet  been  devised  to  increase  experimentally  the  complementary  body  by 
whose  cooperation  alone  they  can  become  active. 

Immunity  may  be  destroyed  and  the  immune  animal  made  susceptible. 
Immunity  seems  to  depend  largely  upon  the  vital  condition  of  the  animal. 
Those  in  feeble  health,  exhausted,  starved,  etc.,  become  more  and  more  sus- 
ceptible to  disease.  Not  only  do  they  become  more  susceptible  to  infection, 
but  a]s>  to  intoxication.  Glycosuria,  experimentally  produced,  is  found  to 
be  very'destructive  to  immunity.  Sometimes  mixed  infections  are  followed 
by  disease  and  death,  when  either  micro-organism  given  alone  might  easily 
be  overcome. 

The  relativity  of  immunity  has  already  been  discussed,  and  the  fact 
that  no  sharp  line  between  immunity  and  susceptibility  exists  has  been 
pointed  out.  It,  therefore,  becomes  apparent  that  variations  in  the  virulence 
of  the  micro-organism  may  have  the  greatest  influence  upon  immunity. 
Where  there  is  a  feebly  virulent  organism,  immunity  may  seem  to  be  a  fact ; 
though  when  the  same  organism  is  examined  in  an  exalted  degree  of  virulence. 
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the  immunity  is  absent.  Thus,  the  rabbit  readily  resists  anthrax  vaccines  I. 
and  II.,  the  first  fatal  for  white  mice,  the  second  fatal  for  guinea-pigs,  but  suc- 
cumbs to  more  virulent  anthrax  bacilli.  Combinations  of  bacteria  may  fail 
to  kill  susceptible  animals  because  their  metabolic  products  may  neutralize 
each  other,  or  because  one  may  absorb  with  avidity  certain  elements  neces- 
sary to  the  other  or  excrete  some  product  inhibitory  or  destructive  to  the 
other,  so  that  the  variation  of  the  micro-organisms  alone  will  have  great  in- 
fluence upon  immunity. 

Explanation  of  Immunity. — Immunity  has  not  yet  been  satisfactorily  ex- 
plained. The  modern  theories  teach  that  immunity  depends  upon  phagocy- 
tosis or  the  destruction  of  microparasites  and  their  toxins  by  phagocytes 
or  upon  the  chemical  action  of  the  body-juices.  The  best  explanation  is 
contained  in  the  so-called  "lateral-chain  theory"  of  Ehrlich. 

The  lateral-chain  theory  of  immunity  is  one  of  the  most  pregnant 
hypotheses  that  has  been  introduced  into  medical  science,  and  enables  us  to 
represent,  with  reasonable  accuracy,  certain  operations  of  the  body  of  which 


Fig.  20I. — Erysipelas  of  the  eyelid :  a.  Epithelial  layer  invaded  by  occasiotial  leukocytes ; 
b,  invasion  of  subepithelial  tissue  by  streptococci  and  leukocytes ;  c,  c,  streptococci  inclosed  in 
leukocytes  (Weichselbaum). 


in  the  past  our  ideas  were  most  chaotic.  It  is  based  upon  the  phenomenon  of 
cellular  nutrition,  and  supposes  that  the  cells  possess  specific  affinities  for 
particular  nutrient  molecules  through  ^'  receptors  ^^  or  hypothetic  appendages 
similar  to  the  lateral  chains  of  chemical  molecules.  These  receptors  or  com- 
bining or  fixing  processes  are  peculiar  in  that  they  are  capable  of  uniting 
only  with  molecules  possessing  corresponding  combining  appendages  or 
"  haptophores. "  The  cellular  nutrition  is  supposed  to  go  on  continuously 
through  combinations  formed  by  the  union  of  haptophores  and  receptors. 
Certain  toxic  or  otherwise  active  substances  are  supposed  pow  and  then  to 
possess  haptophores  corresponding  to  the  receptors  of  certain  cells,  and  in 
this  manner  are  able  to  attach  themselves  to  the  cells  and  act  upon  them. 
It  has  thus  been  demonstrated  that  tetanus  toxin  has  such  a  power  of  com- 
bining with  the  cells  of  the  central  nervous  system.  When  such  a  combina- 
tion is  made,  two  possibilities  arise — either  the  cell  is  prevented  from 
maintaining  its  nutrition  because  of  the  exclusion  of  the  appropriate  mole- 
cules by  the  attached  molecules  of  the  strange  compound,  or  the  attached 
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molecules  may  themselves  act  upon  the  cell  with  stimulating,  intoxicating,. 
or  fatal  effect.     This  explains  why  certain  animals  lacking  the  appropriate 


Fig.  202. — Diagrammatic  representation  of  Ehrlich's  lateral-chain  theory  of  immunity  :  i 
shows  a  normal  cell  with  its  various  lateral  chains ;  in  2  is  shown  the  union  between  receptor 
and  haptophore ;  3  shows  liberated  receptors ;  4  and  5  show  indirect  union  by  means  of  the 
intermediate  body  or  amboceptor  (Ehrlich,  Croonian  Lecture,  Proc.  Royal  Society  of  London, 
1900,  vol.  Ixvi.,  p.  437). 

receptors    fail    to    experience  ill  effects  from  administered  toxins,  and  so 
explains  natural  immunity. 
20 
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If  the  cell  is  not  overcome  by  having  its  receptors  occupied  by  the  foreign 
haptophores,  it  may  regenerate  new  -receptors  and  then  possess  so  many 
receptors  as  to  permit  the  attachment  of  many  more  haptophores  should  the 
foreign  substance  again  present  itself.  The  more  numerous  the  combination 
of  haptophore  and  receptor,  the  greater  the  number  of  receptors  that  would 
be  regenerated.  Acquired  immunity  probably  depends  upon  the  increased 
number  of  receptors,  by  which  a  greater  quantity  of  specific  poison  can  be 
disposed  of.  If  through  repeated  stimulation  the  regeneration  of  receptors 
becomes  excessive,  they  may  be  liberated  from  the  cell  and  circulate  in  the 
blood,  still  retaining  the  ability  of  combining  with  the  appropriate  hap- 
tophores. 

The  formation  of  anti-bodies  is  thought  to  depend  upon  the  presence  of 
large  number  of  receptors  in  the  blood  of  the  repeatedly  stimulated  animals 
whose  cells  have  been  compelled  to  regenerate  enormous  numbers  of  recep- 
tors, that  are  subsequently  discharged  into  the  blood.  Thus  the  lateral- 
chain  theory  explains  natural  immunity  through  the  absence  of  appropriate 
receptors,  acquired  immunity  through  regeneration  of  receptors,  and  anti- 
body formation  through  the  liberation  of  excessive  receptors  into  the  tissue 
juices. 


CHAPTER    X. 
INFECTION  AND  THE  INFECTIOUS  DISEASES. 

INFECTION. 

Infection  is  the  successful  invasion  of  the  body  by  parasites.  It  may 
refer  to  the  habitual  presence  of  bacteria  upon  the  skin,  in  the  nose,  mouth, 
intestine,  vagina,  ear,  etc.,  or  it  may  refer  to  the  occasional  invasion  of  the 
tissues  by  bacteria  whose  accidental  entrance  and  successful  invasion  are 
succeeded  by  disturbances,  local  or  general,  immediate  or  remote,  caused  by 
their  metabolic  products,  or  it  may  refer  to  the  presence  of  worms  or  other 
larger  parasites. 

The  almost  ubiquitous  distribution  of  microparasites  of  all  kinds,  the 
fact  that  many  are  regular  tenants  of  the  human  body,  and  the  remarkable 
activities  of  the  bacteria,  conibine  to  make  them  the  most  common,  as  well 
as  the  most  important,  infecting  parasites,  and  to  narrow  down  the  meaning 
of  the  word  "  infection  "  to  invasion  by  bacteria. 

Infection  may  depend  upon  microparasites  regularly  living  at  our  expense 
upon  the  skin,  in  the  bowel,  and  in  the  moist  superficial  cavities  and  aper- 
tures of  the  body.  Such  are,  for  the  most  part,  harmless  under  all  circum- 
stances, but  may  become  troublesome  and  even  fatal  should  their  activity  be 
unusually  stimulated.  Or  should  the  resisting  power  of  the  host  be  reduced, 
or  should  some  point  of  diminished  resistance  present  itself,  or  infection 
may  depend  upon  the  operation  of  entirely  foreign  organisms  that  acci- 
dentally enter  and  establish  themselves  in  the  body. 

The  ability  of  a  micro-organism  of  either  class  to  endure  the  defensive 
mechanism  set  in  operation  by  the  body  determines  that  it  is  pathogenic  or 
disease-producing.  Pathogenesis  depends,  however,  upon  varying  peculiari- 
ties of  the  organism,  its  products,  the  tissues  invaded,  and  the  condition  of 
the  host.  Certain  organisms  and  groups  of  organisms  seem  to  invade  the 
body  more  frequently  than  others,  their  recurring  appearance  being  char- 
acterized by  lesions  of  sufficient  uniformity  to  establish  a  type  of  infection 
or  even  a  special  disease. 

Microparasites  with  similar  metabolic  products  usually  produce  similar 
lesions,  the  most  frequently  observed  being  an  actively  chemotactic  body 
that  leads  to  suppuration.  When  a  diseased  condition,  such  as  suppuration, 
results  from  the  activity  of  any  one  of  a  number  of  organisms,  it  is  said  to 
be  non-specific ;  when  it  results  from  the  activity  of  but  one  organism,  it  is 
specific,  as  tuberculosis,  leprosy,  etc. 

These  principles  will  become  more  evident  as  the  particular  diseased  con- 
ditions and  their  parasites  are  considered. 

INFECTIOUS  DISEASES  CHARACTERIZED  ESSENTIALLY  BY  LOCAL 
MANIFESTATIONS    OF   ACUTE   FORM. 

INFLAMMATION, 

Inflammation  is  the  sum  of  the  phenomena  manifested  by  an  injured 
tissue.  The  phenomena  are,  for  the  most  part,  reactionary  and  reparative  ; 
some  are  destructive  and  disintegrative. 
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Originally  applied  to  what  was  supposed  to  be  a  definite  disease  whose 
cardinal  symptoms  were  "dolor,  color,  rubor  cum  tumor,"  the  advance  of 
knowledge  has  entirely  changed  our  conception  of  it,  and  an  investigation 
into  its  minutiae  forces  us  to  admit  that  there  are  included  in  inflammation 
many  closely  related  but  entirely  dissimilar  processes.  Inflammation  has  at 
present  very  little  to  do  with  "  burning,"  and,  like  "  malaria,"  the  term  no 
longer  properly  describes  the  condition  to  which  it  is  applied.  It  is  unfortu- 
nate that  custom  prevents  us  from  casting  it  aside  altogether  and  discussing 
the  phenomena  in  particular,  instead  of  in  general. 

Etiology. — Inflammation  depends  upon  any  kind  of  injury  or  damage. 
In  the  great  majority  of  cases  it  is  caused  by  micro-organisms  infecting  the 
tissues,  and  the  frequency  with  which  infection  accompanies  inflammation 
has  led  some  to  the  erroneous  assumption  that  inflammation  must  always 
depend  upon  bacteria. 

Inflammation  may  be  infectious  or  non-infectious.  The  former  are  fre- 
quent ;  the  latter,  comparatively  rare. 

Non-infectious  inflammations  may  be  caused  by  traumatic  injuries,  such  as 
contusions,  burns,  blisters,  etc.,  the  application  of  croton  oil  and  other  irri- 
tants, or  the  introduction  of  certain  bacterial  products.  Their  lesions  are 
identical  with  those  of  the  infective  variety,  except  that  bacteria  are  absent. 

Non-infectious  inflammations  readily  become  infected  from  the  body  sur- 
faces, upon  which  bacteria  always  occur,  and  many  of  the  cases  in  which 
bacteria  were  found  in  what  should  have  been  non-infectious  lesions  can  be 
explained  as  artefacts  depending  upon  secondary  infection. 

Bacteriology  of  Inflammation. — There  is  no  specific  bacterium  of  in- 
flammation, although  a  few  common  organisms  which  occur  alone  or  together 
in  the  majority  of  suppurations  are  sometimes  erroneously  so  called.  In 
order  that  a  bacterium  shall  be  pyogenic,  all  that  is  necessary  is  that  it 
be  able  to  maintain  a  parasitic  existence  and  have  chemotactic  products. 
The  micro-organisms  most  frequently  observed  in  suppuration  are  external 
parasites  of  the  body,  and  are  common  upon  its  surfaces,  in  its  various  re: 
cesses,  and  in  the  alimentary  canal.  A  few,  however,  are  strangers  and  are 
admitted  accidentally. 

The  common  organisms  of  suppuration  are  Staphylococcus  pyogenes 
aureus.  Staphylococcus  pyogenes  albus,  and  Streptococcus  pyogenes.  The 
rarer  organisms  are  the  gonococcus,  the  typhoid  and  the  colon  bacillus. 
Bacillus  pyocyaneus,  Bacillus  proteus  vulgaris.  Bacillus  tuberculosis,  and 
Bacillus  mallei. 

Staphylococcus  pyogenes  aureus  is  commonly  found  upon  the  skin,  in  the  mouth, 
upon  the  conjunctiva,  etc.  It  is  possible  that  under  normal  conditions  it  is  devoid  of  viru- 
lence, and  acquires  pathogenic  properties  only  when  abnormal  conditions  arise.  It  is  the 
most  frequent  organism  found  in  superficial  suppurations. 

The  organism  is  spheric  in  shape,  and  measures  about  0.7  (i  in  diameter.  As  no  definite 
arrangement  of  the  cocci  exists,  they  gather  together  in  irregular  clusters  and  are  so  found  in 
the  pus  and  in  the  tissues.  Cocci  that  are  about  to  divide  are  somewhat  larger  than  the  others 
and  slightly  ovoid  in  shape.    No  spores  or  flagella  are  observed,  and  the  organism  is  not  motile. 

The  staphylococci  stain  well  and  are  beautifully  colored  by  Gram's  method.  They  grow 
luxuriantly  between  18°  and  39°  C,  upon  all  the  artificial  media,  the  only  characteristic  of 
their  vegetation  being  what  is  described  as  a  "  golden-yellow"  color,  but  which  is  usually  a 
faded  yellow  color.  The  pigment  formation  is  perhaps  best  seen  upon  potato.  The  staphy- 
lococcus liquefies  gelatin  through  an  enzyme,  and  in  puncture  cultures  produces  a  long,  taper- 
ing, tubular  liquefaction.     It  coagulates  milk  and  digests  the  casein  which  it  contains. 

The  recognition  of  the  organism  is  easy  if  its  source  is  known,  but  difficult  otherwise,  as 
nearly  all  its  peculiarities  are  shared  by  other  micro-organisms. 

The  pathogenesis  of  Staphylococcus  aureus  is  variable.  When  freshly  isolated  from  pus,  it 
readily  kills  rabbits  and  other  animals  by  pyemia  or  septicemia.  In  these  cases  it  is  found  in  the 
blood  vessels  in  the  form  of  micro-organismal  emboli,  or,  if  the  animal  lives  longer,  in  the  small 
abscesses  to  which  these  emboli  give  origin.  The  coccus  has  been  shown  by  experiment  to  be 
pathogenic  for  man,  furuncles  having  resulted  from  rubbing  it  into  the  skin,  and  abscesses 
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Fig.  203.— Staphylococcus  pyogenes  au- 
reus from  an  agar-agar  culture  (X  1000) 
(Giinther). 


from  its  deeper  inoculation.    When  admitted  through  accidental  punctures  of  the  fingers  into 
which  it  has  entered,  it  has  caused  most  dangerous  lesions. 

From  insignificant  lesions  of  the  surface  it  may  be  embolically  admitted   into  the  circula- 
tion and  produce  endocarditis,  ostitis,  periostitis,  osteomyelitis,  peritonitis,  pericarditis,  etc. 

Stapliylococcus  pyogenes  albus  may  be  a  colorless  form  of  the  Staphylococcus  aureus 
or  may  be  a  separate  species.  It  differs  from 
its  relative  only  in  the  absence  of  the  yellow 
pigment  formation.  In  all  probability  the  white 
staphylococcus  is  less  virulent,  and  consequently 
less  dangerous,  than  the  "  golden  staphylococ- 
cus." The  two  species  are  not  infrequently 
associated,  and,  in  general,  what  has  been  said 
of  the  Staphylococcus  aureus  applies  equally  to 
the  Staphylococcus  albus. 

Staphylococcus  epldermidis  albus  is  not 
infrequently  found  in  dermal  suppurations,  but 
as  this  organism  is  habitually  present  upon  the 
skin  and  readily  grows  on  media  of  all  kinds, 
its  presence  in  pathologic  lesions  may  be  acci- 
dental. On  the  other  hand,  it  may  be  that  it  is 
the  cause  of  many  of  the  lesions,  and  hence  is 
an  organism  of  immense  importance  to  the  sur- 
geon. In  its  morphologic,  cultural,  and  tinc- 
torial peculiarities  it  resembles  the  other  staphy- 
lococci, and  inasmuch  as  it  produces  no  color, 
particularly  resembles  Staphylococcus  albus. 

Streptococcus  pyogenes  is  one  of  the  most 
important  and  most  dangerous  micro-organ- 
isms. It  is  frequently  found  in  suppurations, 
although  it  is  not  so  common  as  the  staphy- 
lococcus. The  natural  distribution  of  the  or- 
ganism is  somewhat  uncertain.  Many  streptococci  are  known  to  exist  in  nature,  and  many 
are  common  in  diseases  and  in  suppuration  in  animals.  Some  are  found  in  the  mouth,  others 
in  the  intestine  of  man.  A  streptococcus  identical  with  Streptococcus  pyogenes  in  morpho- 
logic, cultural,  and  tinctorial  peculiarities,  has  been  found  by  Fehleisen  in  erysipelas  of  man, 
and  has  been  called  Streptococcus  erysipelatis.  It  is  probably  identical  with  the  original 
Streptococcus  pyogenes  of  Rosenbach. 

The  streptococcus  is  a  spheric  organism  measuring  from  0.5  to  i  /i  in  diameter,  and 
arranged  in  rows  to  which  the  terms 
"  rosary,"  "string  of  beads,"  etc.,  have 
been  applied.  The  number  of  cocci 
contained  in  one  of  the  chains  varies 
enormously.  At  one  time  an  attempt 
was  made  to  divide  the  streptococci  in 
various  species  according  to  the  length 
of  the  chains,  the  Streptococcus  brevls 
having  short  chains,  the  Streptococcus 
longUS,  long  chains.  It  was  also  sup- 
posed that  the  shorter  chains  facilitated 
the  ready  transportation  of  the  micro- 
organisms through  the  currents  of  body 
fluids,  hence  that  a  streptococcus  that 
grew  in  this  form  was  much  more  viru- 
lent than  one  whole  long  chain  which 
could,  with  difficulty,  be  disentangled 
and  transported. 

There  seemed  to  be  no  validity  in 
this  diiferentiation,  and  it  has  been 
abandoned.  Whether  all  streptococci 
are  identical  or  only  closely  related  is 
not  known. 

The  organisms  produce  no  spores, 
have  no  fiagella,  and  are  not  motile. 
They  color  well  with  ordinary  solu- 
tions of  the  anilin  dyes  and  by  Gram's 
method.     They  do  not  liquefy  gelatin. 

The  streptococcus  grows  upon  most 
of  the  artificial  media,  but  its  growth  is 
delicate.  Upon  obliquely  solidified  gelatin,  agar-agar,  and  blood-serum  it  appears  in  the  form 
of  little  dewdrop-Iike,  circular,  scarcely  elevated  colonies,  which  attain  their  full  size  in  about 
twenty-four  hours  at  37°  C.  The  colonies  never  become  confluent  so  as  to  form  a  mass.  In 
gelatin  no  liquefaction  occurs.     In  bouillon  the  streptococcus  produces  either  a  diffused  cloudi- 
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ness  or  a  flocculent  sediment.  What  governs  this  is  not  known,  but  some  have  thought  it  well 
to  divide  the  cultures  into  diffuse  and  conglomerate  forms — Streptococcus  diffusus,  Strepto- 
coccus conglomeratus.     Milk  is  coagulated  and  digested  by  the  streptococcus. 

The  organism  produces  acids  and  grows  quite  well  in  acid  media.  The  temperature  at 
which  it  grows  is  rather  high,  its  best  development  always  being  at  about  37°  C.  It  is  killed 
at  55°  C. 

The  vitality  of  the  organism  is  low,  and  upon  most  media  the  cultures  must  be  frequently 
transplanted  or  they  die.  When  kept  in  gelatin  or  agar-agar  punctures,  they  live  longer  than 
when  cultivated  upon  the  surface. 

Like  the  staphylococci,  the  recognition  of  the  streptococcus  is  easy  if  one  knows  the  source 
from  which  itis  obtained.  In  the  absence  of  this  information,  however,  it  may  be  impossible 
to  determine  that  a  given  culture  is  the  Streptococcus  pyogenes  hominis. 

This  is  the  more  true  inasmuch  as  the  virulence  of  the  organism  is  remarkably  variable. 
It  is  peculiar  in  being  pathogenic  fox  a  certain  animal  and  not  for  others.  Thus,  because  a 
streptococcus  has  been  isolated  from  a  fatal  case  of  human  infection  is  no  guarantee  that  the 
culture  will  be  virulent  for  mice,  guinea-pigs,  or  rabbits.  The  reverse  may  also  be  true,  and 
a  streptococcus  highly  virulent  for  rabbits  may  not  injure  man  or  horses.  It  even  seems  true 
that  when  permitted  to  colonize  in  the  animal  body,  it  develops  a  selective  tendency  for  those 
tissues  in  which  it  has  previously  colonized  most  successfully. 

In  consequence  of  these  peculiarities,  the  effects  produced  by  the  streptococcus  vary  greatly 
under  both  natural  and  experimental  conditions.  In  the  throat  the  streptococcus  grows  readily 
and  sometimes  produces  a  fibrinous  inflammation  closely  resembling  diphtheria.  From  this 
throat  lesion  it  may  be  absorbed  into  the  circulation  and  occasion  a  deep  suppuration.  Admitted 
to  an  external  wound,  it  may  cause  an  ordinary  abscess,  a  phlegmon,  or  erysipelas. 

When  introduced  into  mice,  streptococci  which  have  been  recently  isolated  usually  cause 
death  from  septicemia;  in  guinea-pigs  they  may  also  cause  septicemia.  When  introduced 
into  the  ear  vein  of  a  rabbit,  they  may  cause  death  from  septicemia  in  a  day  or  two,  or  occa- 
sion pyemia,  if  death  is  delayed.  When  rabbits  are  inoculated  subcutaneously  upon  the  ear, 
erysipelas  commonly  results. 

The  virulence  of  the  streptococcus  for  any  particular  species  of  animal  can  be  maintained 
by  frequent  passage  through  animals  of  that  species.  Marmorek  declares  that  attenuation 
takes  place  during  the  intermediate  artificial  cultivation,  and  has  recommended  certain  media 
upon  which  this  does  not  occur.  The  immunization  of  animals  to  the  streptococcus  is  attended 
with  little  difficulty.  The  serum  of  animals  immunized  for  a  long  time  is  bacteriolytic,  and 
can  sometimes  be  successfully  employed  for  treating  streptococcus  infection. 

In  human  pathology  the  streptococcus  has  been  observed  in  suppuration,  erysipelas,  ulcera- 
tive endocarditis,  periostitis,  ostitis,  otitis,  meningitis,  emphysema,  pneumonia,  lymphangitis, 
phlegmons,  sepsis,  puerperal  endometritis,  infantile  enteritis,  and  pseudomembranous  angina. 
By  some  pathologists  streptococci  are  regarded  as  the  cause  of  scarlatina. 

Tlie  Gonococcus  of  Nelsser. — This  is  a  minute  diplococcus  which  does  not  seem  to  occur 
in  nature  except  in  gonorrhea. 

Morphology. — The  organism  always  occurs  in  the  form  of  a  diplococcus.  The  classic 
description  is  that  it  resembles  the  German  biscuit  called  a  "  Semmel  "  ;  as  this  expresses  but 
httle  to  those  unfamiliar  with  the  delicious  "brodchen,"  it  may  be  well  to  add  that  in  shape  it  is 
much  like  a  coffee-bean,  the  two  cocci  having  the  approximated  surfaces  flattened — sometimes 
even  appearing  concave.  Each  organism  measures  about  i  fi  in  diameter.  No  spores  are  formed, 
there  are  no  flagella,  and  the  organism  is  not  motile.  It  stains  with  the  aqueous  solutions  of 
the  anilin  dyes,  but  not  by  Gram's  method. 

Cultivation. — The  gonococcus  can  be  cultivated  from  the  creamy  pus  of  gonorrhea  and 
from  other  of  the  secretions  upon  a  mixture  of  blood-serum  and  agar-agar.  Human  serum 
is  best  adapted  to  the  purpose.  An  equal  quantity  of  it  and  of  melted  agar-agar  can  be 
poured  into  a  sterile  Petri  dish,  mixed,  and  allowed  to  solidify.  The  pus  is  taken  up 
with  a  platinum  wire  and  inoculated  by  a  series  of  parallel  strokes.  The  colonies  of  gono- 
cocci  grow  at  a  temperature  of  37°  C,  and  appear  after  twenty-four  hours  as  small,  grayish, 
translucent  points.  Successful  transplantation  is  difficult,  as  the  vitality  of  the  organism 
readily  wanes  upon  artificial  media.  The  appearance  of  the  colonies  upon  the  primary  cul- 
ture, their  failure  to  grow  upon  frequent  transplantation,  their  morphology,  and  their  refusal 
to  retain  Gram's  stain  are  characteristic. 

Pathogenesis. — The  gonococcus  is  pathogenic  for  man,  and  excites  a  very  acute  inflamma- 
tion when  its  foothold  is  once  secured  upon  an  epithelium  of  the  squamous  type.  It,  there- 
fore, causes  urethritis,  vaginitis,  cystitis,  balanitis,  posthitis,  conjunctivitis,  stomatitis,  etc. 
Its  ability  to  invade  columnar  epithelia  is  doubted  by  some,  but  the  fact  that  gonorrhea  in 
men  may  be  complicated  by  vesiculitis  and  orchitis,  and  in  women  be  accompanied  by  or  suc- 
ceeded by  endometritis,  salpingitis,  and  oophoritis,  may  indicate  it.  It  is  thought  bv  some  that 
these  latter  lesions,  instead  of  being  caused  by  the  gonococcus  itself,  are  dependent  upon  staphy- 
lococci and  streptococci,  which  readily  invade  the  tissues  denuded  by  the  gonococci. 

Gonorrhea  is  chiefly  observed  in  the  form  of  urethritis,  transmitted  by  sexual  inter- 
course, although  the  infectious  organisms  may  be  carried  to  other  parts  of  the  body  by  the 
fingers,  etc.  It  is  usually  a  local  infection  which  spreads  from  part  to  part  bv  contiguity  and 
continuity  of  tissue.  It  may  in  rare  cases  distribute  by  blood  metastasis,  and  gonorrheal  endo- 
carditis has  been  observed  in  a  few  cases.    A  case  of  this  kind  which  I  studied  was  found,  in 
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spite  of  the  gonorrhea  and  associated  orchitis,  to  have  endocarditis  depending  upon  another 
much  larger  diplococcus,  which  stained  by  Gram's  method. 

Though  the  virulence  of  the  gonococcus  for  man  is  very  marked,  it  is  not  pathogenic  for 
animals.  Intentional  inoculation  of  the  human  urethra  has  successfully  produced  gonorrhea, 
but  with  the  exception  of  a  few  unconfirmed  observations,  no  claims  of  successful  animal 
inoculation  liave  been  made. 

Bacillus  pyocyaneus  is  frequent  upon  the  human  skin,  and  not  infrequent  in  suppurative 
conditions,  it  is  thought  by  some  to  be  instrumental  in  the  production  of  the  lesions  in  which 
it  occurs ;  by  others  it  is  supposed  to  be  a  harmless  saprophyte  that  enters  the  wound  from 
the  contiguous  skin.  It  is  usually  found  in  association  with  other  organisms,  although  occa- 
sionally alone.  It  is  not  uncommonly  found  in  the  throat  iii  suspected  diphtheria  cultures, 
and  sometimes  in  cases  of  diphtheria. 

Morphology. — The  bacillus  is  very  small  and  delicate,  sometimes  rounded,  sometimes  some- 
what pointed  at  the  ends.  It  measures  about  i  to  2  by  0.3  ji,  is  actively  motile,  and  has  a 
terminal  flagellum  which  can  be  demonstrated  by  Ldffler's  method.  No  spores  are  produced. 
The  bacilli  usually  occur  singly,  although  sometimes  two  are  joined.  No  long  filaments  are 
formed. 

Staining. — It  stains  readily  with  ordinary  solutions,  but  not  by  Gram's  method. 

Cultivation. — The  Bacillus  pyocyaneus  is  readily  cultivated  upon  all  artificial  media,  and 
although  it  forms  no  spores,  the  cultures  can  readily  be  kept  for  long  periods.  It  is  most 
readily  secured  from  the  blue  or  blue-green  pus  in  which  it  occurs  by  the  plate  method, 
the  colonies  appearing  early  as  small,  thin,  granular  dots  which,  under  the  microscope,  show 
a  finely  granular  periphery  and  coarsely  granular  center.  Liquefaction  of  the  gelatin  begins 
shortly,  and  each  colony  becomes  surrounded  by  fluid,  its  granular  edges  melting  away  as  the 
motile  bacilli  detach.  The  bacillus  is  both  aerobic  and  anaerobic.  When  planted  in  gelatin 
punctures,  the  bacilli  grow  all  along  the  line  of  inoculation  and  upon  the  surface,  causing  the 
formation  of  a  long  narrow  funnel  at  first.  This  soon  widens  as  the  gelatin  liquefies,  and  the 
fluid  becomes  more  and  more  turbid  from  the  development  of  the  bacteria.  The  gelatin  sur- 
rounding the  liquefaction  becomes  green  and  fluorescent.  Ultimately,  all  the  gelatin  becomes 
fluid,  turbid,  and  contains  flocculi  which  finally  sediment,  forming  a  greenish  slime. 

-  Upon  agar-agar  the  growth  is  luxuriant  all  along  the  stroke  of  inoculation,  and  forms  a 
grayish-green,  dry,  somewhat  metallic  film.  The  agar-agar  beneath  this — and  after  a  day  or 
two  all  the  agar-agar  in  the  tube— becomes  greenish.  The  green  color  is  at  first  bright,  but  in 
a  short  time  becomes  bluish,  and  as  time  passes  becomes  very  dark — almost  black  as  the  blue- 
green  color  deepens.  Sometimes  instead  of  the  blue-green  color  a  brownish  or  reddish-brown 
color  develops.  Whether  the  color  of  the  agar-agar  be  reddish-brown  or  blue-green,  the 
grayish  band  formed  by  the  growth  stands  out  in  contrast. 

Upon  potato  the  growth  forms  a  greenish,  rather  dry,  mass,  about  which  the  potato  may 
become  bright  green,  although  it  often  simply  darkens. 

Upon  blood-serum  the  growth  is  green.  On  coagulated  white  of  egg  it  is  sometimes  bright 
green,  sometimes  merely  dirty  in  appearance.  In  peptone  solution  the  bacillus  may  form  a 
bright  blue  color,  but  this  also  often  fails,  the  solution  simply  becoming  discolored. 

Chemistry. — The  blue  color  depends  upon  a  ptomain  known  as  pyocyanin  ;  the  green  color, 
upon  fluorescin.     The  blue  pigment  usually  predominates. 

The  bacillus  also  produces  an  enzyme  by  which  its  own  dead  are  dissolved,  and  by  which 
it  is  said  other  bacteria,  and  probably  other  cells,  can  be  dissolved. 

Pathogenesis. — When  freshly  isolated,  the  Bacillus  pyocyaneus  is  pathogenic  for  the  lower 
animals.  When  virulent  cultures  are  injected  beneath  the  skin  of  the  guinea-pig  or  rabbit, 
they  cause  local  suppuration,  soon  followed  by  septicemia,  from  which  the  animal  dies.  Intro- 
duced into  the  peritoneal  cavity,  it  causes  fibrinous  and  purulent  peritonitis,  with  fatal  septic 
infection. 

Its  pathogenic  action  in  man,  as  has  already  been  said,  is  uncertain.  It  has  been  found  in 
the  saliva,  sputum,  and  sweat  of  comparatively  healthy  persons,  and  as  a  saprophyte  in  the 
stomach.  It  is  commonly  found  in  suppurating  wounds  and  in  tuberculous  cavities.  It  has 
frequently  been  observed  in  purulent  otitis,  and  is  occasionally  observed  in  pericardial  effu- 
sions, diphtheric  angina,  meningitis,  bronchopneumonia,  diarrhea,  dysentery,  and  in  some 
cases  of  generalized  infection. 

Bacillus  Proteus  Vulgaris. — This  organism,  which  was  first  observed  by  Hauser  as  a 
saprophyte  in  a  decomposing  animal  infusion,  and  which  seems  to  be  rather  widely  distributed 
in  nature,  occasionally  presents  itself  unexpectedly  in  infectious  and  pyogenic  lesions. 

Morphology.— Tne.  organisms  are  distinctly  bacillary  in  form,  although  somewhat  pleo- 
morphous,  and  hence  called  proteus.  The  rods  may  be  very  short,  but  occasionally  grow 
into  longer  threads.  The  organism  measures  about  1.2  to  4  by  0.6  \i..  No  spores  are 
formed.  It  is  actively  motile,  and  has  flagella  arising  in  large  numbers  from  every  part  of 
the  surface.  , 

Staining. — It  stains  readily  by  the  ordinary  methods,  but  fails  to  stain  by  Gram  s  method. 

Cultivation. — The  organism  grows  well  upon  all  the  ordinary  media.  The  colonies  which 
form  upon  gelatin  plates  are  peculiar  in  that  they  are  extremely  irregular  in  outline,  and  con- 
sist of  actively  motile  filaments  of  bacilli  which  keep  changing  the  shape  and  position  of  the 
colony  that  can  truly  be  described  as  motile  and  ameboid.  This  ameboid  movement  of  the 
colonies  is  best  observed  in  thinner  gelatin  than  that  usually  employed  in  bacteriologic  work.' 
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Puncture  cultures  in  gelatin  show  a  rapid  tubular  liquefaction  that  is  not  at  all  charac- 
teristic. 

Upon  the  surface  of  agar-agar  a  moist,  smooth,  thin,  shining,  transparent,  slightly  grayish 
layer  is  formed.  It  is  rarely  ever  luxuriant,  and  does  not  reach  the  sides  of  the  tube.  On 
potato  the  growth  forms  a  dirty  discoloration. 

Chemistry. — Milk  is  coagulated  by  the  bacillus.  Dextrose  and  sucrose  are  fermented. 
Indol  and  phenol  are  formed  in  peptone-containing  media.  Nitrates  are  reduced  to  nitrites, 
and  then  partly  to  ammonia. 

Pathogenesis. — The  proteus  is  possessed  of  very  feeble  pathogenic  properties.  In  animals 
large  doses  sometimes  cause  abscesses.  Very  large  doses  of  fluid  cultures  seem  to  kill 
through  intoxication.  In  man  the  proteus  probably  never  infects  the  normal  body,  but  in  dis- 
eased tissue  it  is  sometimes  able  to  secure  a  foothold.  It  has  thus  been  secured  from  wound 
and  puerperal  infections,  purulent  peritonitis,  endometritis,  etc.  It  also  sometimes  grows  in 
the  bladder,  causing  cystitis,  pyelit.s,  and  even  nephritis.  It  has  also  been  found  in  acute 
infections,  acute  febrile  jaundice,  or  Weil's  disease. 

The  pneumococcus,  meningococcus,  typhoid  bacillus,  colon  bacillus, 
tubercle  bacillus,  and  other  pathogenic  organisms  more  rarely  associated  with 
suppuration  will  be  described  in  more  appropriate  chapters. 

Classification. — Inflammations  may  be  acute  or  chronic. 

Acute  inflammation  is  rapid  in  onset,  brief  in  duration,  and  destructive 
in  tendency. 

Clironic  inflammation  is  insidious  in  onset,  protracted  in  duration,  and 
characterized  by  progressive,  productive  lesions  that  show  no  tendency  to 
recover.  This  process  is  entirely  different  from  anything  embodied  in  the 
original  conception  of  inflammation.  An  inflammatory  condition  not  dis- 
tinctly acute  or  chronic  is  frequently  described  as  subacute. 

According  to  the  distribution  it  is  customary  to  speak  of — 

Parenchymatous  inflammation,  which  affects  the  essential  functional  cells 
of  an  organ. 

Interstitial  inflammation,  which  affects  the  supporting  connective-tissue 
framework  or  stroma. 

Cartarrhal  inflammation  which  affects  the  epithelial  surfaces  of  the  body, 
the  ducts  of  glands,  or  the  walls  of  the  air-cells  of  the  lung.  It  is  charac- 
terized by  changes  in  the  cells  and  superficial  exudation.  When  catarrhal 
inflammation  is  characterized  by  desquamation  of  the  epithelium,  it  is  known 
as  desquamative  inflammation.  . 

According  to  the  form  of  exudation  or  tissue  change  by  which  they  are 
accompanied,  inflammations  are  described  as — 

Vesicular  or  herpetic,  when  characterized  by  the  formation  of  small  vesi- 
cles or  blisters  filled  with  serous  fluid,  as  in  herpes. 

Pustular,  when,  as  in  small-pox,  furuncle,  etc.,  there  are  small  elevations 
filled  with  pus  upon  the  surface. 

Diphtheric  or  croupous,  when  the  surface  is  covered  with  a  pseudomem- 
brane  formed  of  fibrin  and  degenerated  cells. 

Ulcerative,  when  characterized  by  the  loss  of  some  of  the  inflamed 
tissue  by  suppuration,  necrosis,  or  gangrene. 

Degenerative,  when  an  unusual  tissue  degeneration  occurs. 

Adhesive  or  agglutinative,  when  the  tendency  of  the  process  is  to  form 
fibrous  unions  between  contiguous  parts. 

Gangrenous,  when  associated  with  gangrene. 

Suppurative,  when  culminating  in  suppuration. 

Phlegmonous,  when  the  cellular  tissue  becomes  infiltrated  with  pus. 

Productive,  when  chronic  and  tending  toward  hyperplasia  of  connective 
tissue. 

Exudative,  when  characterized  by  excessive  or  peculiar  exudates,  as  the 
pleuritic  effusion  and  diphtheric  membrane. 

Specific,  when  caused  by  definite  micro-organisms. 
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Phenomena  of  Inflammation. — The  clinical  manifestations  by  which 
inflammation  was  originally  recognized  were  pain,  heat,  redness,  and  swelling. 

Pain. — The  pain,  which  is  severe  in  acute  inflammations,  depends  chiefly 
upon  the  pressure  exerted  upon  the  nerve-endings  by  the  accumulated  prod- 
ucts. It  is  possible  that  the  pain  depends  in  part  upon  the  chemic  effects  of 
the  bacterial  products, — toxins,  acids,  enzymes,  etc., — upon  the  nerve-endings 
as  well  as  upon  the  pressure.  It  is  most  severe  where  the  tissue  is  unyielding, 
as  in  the  whitlow,  or  felon,  which  occurs  upon  the  finger  in  the  unyielding 
fascia  through  which  the  nerves  of  touch  pass.  Inflammations  of  loose  cellu- 
lar tissue  may  be  accompanied  by  little  pain.  In  chronic  inflammation  pain 
may  be  absent. 

Heat. — The  elevation  of  temperature  characteristic  of-  acute  inflammation 
depends  upon  active  hyperemia,  by  which  an  increase  of  hot  arterial  blood 
reaches  the  part,  and  possibly  in  part  to  increased  combustion  taking  place 
in  it. 

Redness. — The  red  color  depends  solely  upon  the  arterial  hyperemia  and 
increased  number  of  red  vessels. 

Swelling. — The  swelling  at  first  depends  upon  the  hyperemia  and  is  com- 
mensurate with  it.  As  the  inflammation  progresses,  however,  a  new  factor, 
the  exudate,  makes  its  appearance  and  becomes  of  paramount  importance. 

Loss  of  Function. — An  organ  or  tissue  in  which  active  hyperemia  is  in 
progress ;  in  which  the  resulting  swelling  becomes  painful,  in  which  nutri- 
tional changes  are  in  progress,  and  into  which  an  inflammatory  exudate 
takes  place,  is  one  in  which  the  performance  of  function  must  be  intermpted. 

Acute  Inflammation. — The  alterations  that  take  place  in  irritated 
tissue  can  be  studied  in  detail  in  a  microscopic  preparation  made  by  spread- 
ing the  withdrawn  mesentery  of  a  living  frog  or  other  small  animal  over  a 
cork  ring.  The  exposure  to  the  atmosphere  is  itself  sufficient  to  occasion 
inflammatory  reactions  in  the  delicate  tissue.  It  was  by  this  method  of 
examination  that  Cohnheim  first  succeeded  in  discovering  the  origin  of  the 
inflammatory  cells. 

I .  Vascular  Phenomena  of  Inflammation. — In  all  the  higher  animals  these 
are  constant,  although  they  do  not  in  themselves  constitute  inflammation.  That 
they  are  not  the  essential  phenomena  is  shown  by  the  fact  that  phenomena 
analogous  to  inflammation  can  take  place  in  animals  that  have  no  vascular 
system.     The  changes  occur  in  the  following  order  : 

1.  A  momentary  spasm  in  the  blood  vessel  as  the  irritant  is  applied  to  it. 

2.  Relaxation  and  dilatation  of  the  arterioles,  with  increased  rapidity  of 
the  current. 

3.  Further  increase  in  the  dilatation  of  the  arterioles,  with  marked  slow- 
ing of  the  current.  In  the  arterioles  and  venules  through  which  the  blood 
has  been  passing  so  rapidly  that  corpuscles  cannot  be  observed,  except  as  a 
central  solid  stream  of  red  between  which  and  the  vessel-wall  clear  plasmE^^ 
with  occasional  leukocytes  could  be  seen,  the  corpuscles  now  become  distinctly 
visible,  because  of  the  slowness  of  their  movement,  and  distribute  themselves 
throughout  the  plasma.  It  may  be  that  the  endothelial  cells  become  altered  at 
this  time,  for  the  future  behavior  of  the  leukocytes  seems  to  show  them  to  be 
abnormally  sticky. 

4.  Transmigration  of  leukocytes.  The  leukocytes,  of  which  but  few 
were  previously  visible,  occur  in  unusual  numbers  and  adhere  to  the  walls  of 
the  vessels.  At  this  time  it  becomes  impossible  any  longer  to  differentiate 
between  the  phenomena  of  the  vessels  and  the  phenomena  of  the  cells. 
Should  one  of  the  leukocytes  adhering  to  the  vessel-wall  be  carefully 
watched,  a  small  bud  of  cytoplasm  can  sometimes  be  seen  projecting  through 
the  vessel-wall  into  the  surrounding  perivascular  tissue,  as  though  a  portion 
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of  the  leukocyte  had  pushed  its  way  through  one  of  the  stigmata  of  the 
vessel.  It  is,  of  course,  not  impossible  that  it  is  actually  projecting  through 
one  of  the  endothelial  cells  lining  the  blood  vessel.  As  time  goes  on  this 
little  bud  becomes  larger  and  larger ;  the  nucleus  is  observed  to  be  partly 
within  and  partly  without  the  vessel,  and  soon  the  whole  nucleus  finds  itself 
outside  the  vessel,  with  only  a  small  protoplasmic  attachment,  and  not  very 
long  after  the  beginning  of  the  observation  the  cell  will  have  completely 
passed  through  the  wall  of  the  vessel,  the  whole  process  taking  about  twenty 
minutes. 

The  passage  of  the  white  corpuscles  through  the  walls  of  the  vessels  is 
called  diapedesis  or  transmigration.  It  is  perhaps  better  to  use  the  word 
transmigration  exclusively  when  the  escape  of  leukocytes  is  meant,  as  diape- 
desis is  a  convenient  term  by  which  to  indicate  the  escape  of  erythrocytes 
from  the  vessel.  Prior  to  and  during  the  escape  of  the  leukocytes  we  find 
an  increased  amount  of  transudate  passing  from  the  vessel  into  the  tissue,  so 
that  its  lymphatic  spaces  are  unusually  dilated,  and  prepared  to  receive  the 
leukocytes  which  escape. 

Transmigration  is  an  active  and  purposeful  phenomenon,  the  leukocytes 
leaving  the  blood  vessels  in  response  to  some  strong  external  stimulus  to 
which  the  name  chemotaxis,  chetniotaxis ,  or  chemotropism  is  applied.  The 
cells  which  transmigrate  are  chiefly  polymorphonuclear  leukocytes,  and  are 
both  phagocytic  and  ameboid. 

2.  Phenomena  of  the  Lymphatic  Apparatus. — These  are  largely  secon- 
dary to  the  phenomena  of  the  blood  vessels.  The  increased  transudation  of 
fluid  from  the  hyperemic  vessels  causes  the  lymphatic  spaces  of  the  tissue  to 
become  distended  with  fluid,  so  that  the  tissue  becomes  edematous.  The 
transmigrated  leukocytes  find  themselves  in  the  enlarged  interstices  of  an 
edematous  tissue,  in  which  ameboid  movement  is  greatly  facilitated. 

The  transmigrated  leukocyte  seems  to  be  a  general  scavenger.  In  many  in- 
fectious processes  the  leukocytes  energetically  attack  and  destroy  the  bacteria. 
In  erysipelas,  in  which  the  lymphatic  spaces  contain  chains  of  streptococci, 
the  leukocytes  attack  the  bacteria,  and  apparently  prey  upon  them.  Whether 
or  not  the  bacteria  are  destroyed  through  their  agency  is  an  open  question, 
but  be  that  as  it  may,  the  bodies  of  the  leukocytes  are  found  to  contain  the 
bacteria.     These  transmigrated  leukocytes  are,  therefore,  active  phagocytes.. 

Many  of  the  cells  die  ;  others,  having  accomplished  their  purpose,  are 
carried  by  currents  of  fluid  to  the  lymph-channels  and  then  through  the 
vessels  to  the  neighboring  lymphatic  nodes.  It  is  not  known  how  many  of 
the  transmigrated  leukocytes  ever  again  reach  the  blood. 

Should  the  severity  of  the  inflammation  be  great,  and  the  destruction  of 
tissue  considerable,  the  number  of  transmigrated  leukocytes  collected  in  the 
tissues  may  become  so  great  as  to  effect  its  disorganization  by  obstructing  the 
lymphatic  currents,  filling  up  the  interstices,  and  appropriating  the  nutriment 
intended  for  the  essential  cells  of  the  tissue,  by  pressing  upon  the  tissue  lead- 
ing to  atrophy  and  disintegration,  and  by  digesting  its  macerated  and  com- 
promised elements  through  cellular  enzymes. 

3.  Phenomena  on  the  Part  of  the  Tissues  Affected. — That  the  cells  of 
inflamed  tissues  were  apt  to  multiply,  as  evidenced  by  the  many  karyokinetic 
figures  in  their  nuclei,  was  first  observed  by  Virchow,  who  consequently 
attributed  inflammation  to  hypernutrition.  It  is  not  now  conceded  that 
inflamed  tissue  is  hypernourished.  It  is,  however,  irritated,  and  in  conse- 
quence stimulated,  and  the  cells  probably  multiply  because  they  are  stimu- 
lated rather  than  because  they  are  overnourished.  The  importance  attributed 
to  the  multiplication  of  the  cells  of  the  tissue  by  Virchow  has  been  largely 
annuled  by  the. observations  of  Cohnheim.     Virchow's  original  idea  was  that 
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all  the  cells  of  inflammatory  exudates  resulted  from  multiplication  of  the 
cells  of  the  tissues,  but  Cohnheim's  observation  that  the  cells  transmigrate 
from  the  blood  vessels  into  the  tissue  makes  it  evident  that  the  changes  in 
the  cells  belonging  to  the  tissue  are  of  secondary  importance. 

The  important  change  in  the  inflamed  tissue  is  its  invasion  by  the  leuko- 
cytes, which,  according  to  the  degree  of  inflammation,  riddle  it  vs^ith  their 
ever-increasing  numbers,  and  bring  about  the  damage  described  above. 

The  body  being  constructed  on  the  most  economic  plan  possible,  does 
not  provide  that  any  tissue  shall  be  so  vifell  supplied  with  nutriment  that  it 
can  maintain  the  vitality  of  its  own  cells,  plus  an  invading  army  of  leuko- 
cytes. Hence  so  soon  as  a  considerable  accumulation  of  leukocytes  occurs  in 
a  tissue,  evidences  of  malnutrition,  evinced  by  degeneration  of  the  normal 
tissue  elements,  can  be  seen.  A  very  large  number  of  leukocytes  in  a  tissue 
invariably  occasions  its  dissolution  or  colliquation,  with  the  formation  of  a 
more  or  less  circumscribed  cavity  of  indefinite  size  and  shape,  filled  with  a 
creamy,  sometimes  slightly  blood-stained,  material,  which,  upon  microscopic 
examination,  is  shown  to  be  made  up  of  leukocytes,  various  destroyed  tissue 
cells,  and  molecular  matter.  Such  a  circumscribed  cavity  is  called  an 
abscess,  and  the  fluid  it  contains  is  pus.  The  process  of  pus  formation  is 
called  suppuration. 

The  colliquation  that  takes  place  in  suppurating  tissue  is  not  entirely  due 
to  disorganization  or  malnutrition.  It  depends  in  some  measure  upon  tissue 
digestion  by  the  transmigrated  cells,  as  the  transuded  fluids  seem  to  contain 
a  proteolytic  enzyme.  Pus  always  contains  albumoses,  probably  formed  by 
the  action  of  this  ferment  upon  the  infiltrated  tissue.  The  ferment  is  prob- 
ably produced  by  the  cells  and  may  be  contained  in  their  granules,  as  pus-cells 
always  have  solvent  powers.  The  colliquation,  while  destructive,  may,  in 
reality,  be  a  benign  process,  in  that  its  tendency  is  to  effect  the  ultimate 
removal  of  the  cause  of  inflammation. 

The  formation  of  an  abscess  usually  marks  the  termination  of  the  in- 
flammation ;  at  least  it  does  so  in  the  sense  that  so  long  as  the  activity  of 
the  inflammation  is  marked,  infiltration  of  the  tissue  continues  in  all  direc- 
tions, but  so  soon  as  the  inflammation  is  localized  or  circumscribed,  the 
formation  of  an  abscess  takes  place. 

Abscesses  ultimately  evacuate,  their  contents  being  discharged  either 
from  the  surface  of  the  body  or  into  one  of  its  cavities.  The  resulting  space 
with  suppurating  walls  then  becomes  an  -ulcer,  which  heals  by  the  process 
known  as  organization,  cicatrization,  or  healing.  Ulceration  is  molecular 
disintegration  of  the  tissues  resulting  from  inflammation.  It  is  usually 
applied  to  superficial  lesions  only.  Any  superficial  denudation  is  termed  an 
abrasion.  If  too  large  to  heal  at  once  or  if  infected,  an  abraded  surface 
soon  becomes  ulcerated  in  consequence  of  the  irritation  of  the  air,  of  secre- 
tions dried  upon  the  surface,  of  chemic  changes  in  the  dried  juices,  and 
infection.  Evacuated  abscesses  are  frequently  so  deep  that  they  are  described 
as  sinuses,  and  .superficial  cavities  following  suppuration  may  have  sinuses 
extending  from  them.  If,  in  consequence  of  suppuration,  ulceration,  or 
injury,  cavities  of  the  body  are  caused  to  communicate  with  one  another  or 
with  the  exterior,  the  channel  of  communication  is  called  a  fistula.  Such 
communications  are  frequent  between  the  vagina  and  bladder  and  vagina  and 
rectum  in  consequence  of  the  traumatic  injuries  sustained  during  parturition. 

The  Products  of  Inflammation. — The  products  of  inflammation  are 
known  as  inflammatory  exudates.  They  consist  of  the  materials  exuded  from 
the  blood  vessels  or  developed  in  the  tissues,  and  vary  according  to  the 
severity  and  duration  of  the  lesion.  Considering  them  in  the  order  of  their 
complexity,  they  are : 
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1.  Serous  Exudate. — This  characterizes  the  mildest  form  of  inflammation, 
and  being  simply  an  increased  transudate  from  the  blood  vessels,  probably 
requires  no  alterations  in  their  walls  other  than  occur  in  hyperemia.  Every 
inflammation  has  a  certain  amount  of  serous  exudate,  but  certain  of  them, 
especially  affecting  serous  membranes,  are  characterized  by  the  accumulation 
of  a  considerable  quantity  of  serum.  Thus,  in  pleuritis,  one  not  infrequently 
finds  a  liter  or  two  of  fluid  in  the  pleural  cavity,  and  in  pericarditis  the 
amount  of  pericardial  fluid  may  be  increased  tenfold. 

The  serous  exudate  of  inflammation  is  invariably  more  highly  albuminous 
in  nature  than  that  of  dropsy,  and  is  prone  to  spontaneous  coagulation  when 
withdrawn  from  the  body.  When  examined  microscopically,  it  is  seen  to 
contain  a  larger  number  of  leukocytes  than  are  found  in  dropsical  fluids. 

2.  Fibrinous  Exudate. — This  is  characterized  by  the  formation  of  fibrin. 
It  may  not  differ  materially  from  the  serous  exudate,  except  in  the  fibrin 
formed  by  its  coagulation.     Fibrin  is  formed  by  the  coagulation  of  simpler 


Fig.  205. — Croupous  or  fibrinous  pneumonia,  stage  of  red  hepatization ;  stained  by 
Weigert's  method  to  show  the  fibrin  only.  The  blue  threads  fiUing  the  air-cells  consist  of 
fibrin  filaments  (X  180). 


exudates  and  by  fibrinoid  degeneration  of  certain  cells.  Fibrinous  exudates 
are  common  in  diphtheria  and  pneumonia,  both  of  which  diseases  depend 
upon  bacteria  from  cultures  of  which  a  fibrin  ferment  has  been  separated. 
It,  therefore,  becomes  a  question  whether  there  is  any  real  difference  in  the 
character  of  the  exudate,  or  whether  the  fibrin  formation  is  not  merely  the 
result  of  the  action  of  the  ferments  upon  ordinary  exudates.  The  micro- 
scopic appearance  of  the  fibrin  will  vary  according  to  circumstances.  In  the 
alveoli  of  the  lungs  it  can  be  seen  when  appropriately  stained,  and  indeed, 
without  staining,  as  delicate  fibrilla  among  the  cells— red  and  white  blood- 
corpuscles— which  fill  the  spaces.  In  the  diphtheric  membrane,  instead  of 
delicate  fibrilla,  more  or  less  laminated  masses  appear  upon  the  surface  of 
the  mucous  membrane,  with  irregular  flakes  among  the  cells  and  fibers  of  the 
mucous  and  submucous  tissues.  Being  upon  the  surface  of  the  tissue,  this 
diphtheric  membrane,  as  it  is  called,  may  readily  be  stripped  off,  leaving  an 
abraded  surface  upon  which  the  conditions  for  the  formation  of  a  new  similar 
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membrane  are  most  excellent.     After  having  been  formed  for  some  time, 
fibrin  not  infrequently  becomes  granular. 

Fibrinous  exudates  are  frequently  called  croupous.  Diphtheria  is  often 
called  croup ;  fibrinous  pneumonia,  croupous  pneumonia,  and  by  some  this 
use  of  the  term  cjoupous  is  even  applied  to  a  variety  of  nephritis  in  which 
tube-casts  of  a  fibrinous  nature  are  formed.  Fibrinous  exudates  are  usually 
quite  destructive  because  of  the  inclosure  of  the  epithelial  cells  in  the  co- 
agulation mass. 

3.  Hemorrhagic  Exudate. — This  is  one  that  contains  erythrocytes.  It 
usually  indicates  that  the  blood  vessels  have  been  injured.  In  inflammation 
hemorrhage  by  diapedesis  is  not  at  all  uncommon,  but  where  enough  ery- 
throcytes have  escaped  from  the  vessels  to  color  the  exudate  red,  the  injury 
to  the  blood  vessels  has  been  of  unusual  extent.  The  regularity  with  which 
hemorrhagic  exudates  occur  in  certain  diseases — ^pneumonia — indicates  that 
some  endotheliolytic  poison  is  present. 

4.  Corpuscular  Exudate. — The  corpuscular  exudate  characterizes  what  is 
known  as  round-cell  infiltration,  cellular  exudation,  purulent  exudation,  and 
suppuration.  It  is  an  exudate  composed  essentially  of  transmigrated  leuko- 
cytes. The  cells  may  be  few  or  many — so  few  that  they  are  to  be  found  only  by 
microscopic  examination  in  small  groups  here  and  there  in  the  neighborhood 
of  the  blood  vessels ;  or  they  may  be  so  numerous  as  to  cause  liquefaction 
necrosis  of  the  tissue,  and  the  formation  of  abscesses  holding  a  liter  or  more 
of  pus. 

The  cells  of  the  corpuscular  exudate  are  chiefly  polymorphonuclear  leuko- 
cytes. These  leukocytes  being  the  most  numerous  and  the  most  distinctly 
ameboid,  can  escape  from  the  blood  vessels  with  greatest  facility. 

5.  Pus  is  the  fluid  contained  in  an  abscess.  It  is  an  opaque,  creamy, 
yellowish  fluid,  made  up  of  pus-cells  and  liquor  puris.  It  is  usually  alka- 
line, though  sometimes  acid  in  reaction,  and  has  a  specific  gravity  of  about 
1.050. 

Laudable  pus  is  the  ordinary  yellowish,  creamy  pus,  seen  in  acute 
abscesses. 

Sanious  pus  is  slightly  tinged  with  blood.      Curdy  or  cheesy  pus  contains 
shreds  or  flakes  of  necrotic  tissue.     It  usually  occurs  in  deep  abscesses  of 
tuberculous  origin,  and  is  characteristic  of  cold  abscesses.     It  may  contain  . 
no  pus-cells. 

Ichorous  pus  is  thin  and  acrid  and  excoriates  the  surrounding  tissues  with 
which  it  comes  in  contact.  It  usually  depends  upon  putrefactive  organisms 
that  have  entered  after  the  abscess  has  evacuated. 

Mucopus  and  seropus  contain  unusual  quantities  of  mucus  and  serum 
respectively. 

The  pus-cells,  when  examined  microscopically,  appear  spheric  in  shape, 
slightly  larger  than  leukocytes,  and  granular.  When  treated  with  a  dilute 
solution  of  acetic  acid,  the  granules  disappear,  and  a  nucleus  consisting  of 
three  lobes  becomes  distinct  in  the  center  of  the  cell.  When  stained  with 
the  Ehrlich  dye,  they  show  neutrophilic  granules.  Sometimes  they  contain 
droplets  of  glycogen.  The  pus-cells  may  be  alive  or  dead,  according  to  the 
age  of  the  abscess,  the  length  of  time  they  have  been  retained  within  it, 
and  the  effects  of  the  bacterial  products  with  which  they  have  come  in  con- 
tact. Living  pus-cells,  like  leukocytes,  are  ameboid,  and  manifest  the  pecu- 
liar phenomena  of  ameboid  movement  and  phagocytosis.  When  dead,  the 
pus-cells  undergo  disintegration,  and  become  transformed  into  molecular 
debris.  In  addition  to  the  cells  pus  contains  remnants  of  the  destroyed 
tissue  in  which  the  abscess  was  fomned.  Occasional  opportunities  arise  for 
practically  applying  this  knowledge,  as  when  abscesses  of  the  liver  discharge 
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their  contents  through  the  respiratory  passages,  the  diagnosis  being  possible 
by  the  discovery  of  liver-cells  in  the  pus. 

Bacteria  are  usually  present  in  pus.  Among  those  frequently  observed  we 
find  Streptococcus  pyogenes,  Staphylococcus  pyogenes  aureus  and  albus, 
Bacillus  coli  communis,  the  typhoid  bacillus,  pneumococcus,  gonococcus,  etc. 
Abscesses.are  called  "  hot"  axiA.  "  cold"  by  the  clinician,  according  to  the 
phenomena  attending  their  development.  The  "hot"  abscess  results  from 
the  acute  inflammation,  while  a  "  cold  "  abscess  is  a  collection  of  semifluid 
matter  slowly  formed  by  tissue  disintegration — such  are  seen  in  tuberculosis 
of  the  bones  and  in  the  degeneration  of  certain  tumors. 

Embolic  abscesses  depend  upon  septic  emboli  and  characterize  pyemia ; 
hence  they  are  also  called  septic  and  pyemic  abscesses.  They  may  be  lympho- 
genic or  hematogenic. 

Suppuration  may  occur  in  any  tissue  of  the  body,  except  such  ametabolic 
tissues  as  the  hair,  teeth,  nails,  etc.  The  or- 
dinary resistant  tissues  of  the  body  readily  yield 
to  the  infiltration  of  the  small  round-cells  and 
are  destroyed.  Abscesses  ordinarily  form  in  the 
softer  tissues,  but  can  with  almost  equal  facility 
form  in  the  densest  ones.  Abscesses  of  bone 
may  form  either  beneath  the  periosteum  or 
actually  in  the  deeper  structure  of  the  bone, 
and  usually  begin  in  the  neighborhood  of  a 
blood  vessel.  The  outwandered  leukocytes 
invade  the  Haversian  system,  enter  the  lacunas, 
and  bring  about  absorption  of  the  earthy  mat- 
ter, the  bone  becoming  unusually  porous.  Ul- 
timately the  osseous  tissue  may  liquefy  and  be- 
come part  of  the  purulent  contents  of  the  ab- 
scess. Such  softening  of  the  osseous  tissue  is 
known  as  caries,  or  rarefying  osteitis.  Cartilage 
is  invaded  similarly,*the  pus-cells  entering  from 
the  perichondrium,  causing  absorption  of  the 
chondrous  substance,  and  increasing  the  size  of 
the  lacuna  from  the  periphery  toward  the  cen-  ' 
ter.  The  destruction  of  the  dense  tissues  must 
not  be  looked  upon  as  the  result  of  the  activity 
of  leukocytes  alone,  for  although  the  phagocytes 
of  all  kinds  have  solvent  powers,  it  is  not  im- 
probable that  the  absorption  of  the  osseous  and  chondrous  tissues  depends  in 
part  upon  the  activity  of  the  bone  and  cartilage  cells,  which  are  stimulated 
to  unusual  action  by  the  inflammatory  irritation,  and  proceed  to  operate  with 
abnormal  energy,  multiply,  and  destroy  the  perfect  tissue  in  order  to  accom- 
modate their  increased  size  and  number. 

An  abscess  always  causes  the  destruction  of  the  tissue  in  which  it  forms, 
because — 

1.  The  cells  of  a  tissue  are  sufficient  to  utilize  all  the  nourishment  brought 
to  it,  without  leaving  anything  as  a  food-supply  for  the  leukocytic  invaders. 
If,  therefore,  large  numbers  of  leukocytes  migrate  into  it  and  absorb  nourish- 
ment from  its  juices,  the  proper  tissue-cells  are  starved. 

2.  The  inflammatory  cells  occupy  space  at  the  expense  of  the  tissue, 
whose  normal  cellular  elements  are  pressed  upon  and  crowded  out  of  exist- 
ence. 

3.  The  leukocytes  penetrate  every  interstice  of  the  tissue,  separating  all  its 
component  cells  and  fibers,  and  in  reality  disintegrating  it. 


Fig.  206. — Embolic  abscesses  of 
the  lung  (Orth). 
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4.  The  liquor  puris  has  a  macerating  and  a  digesting  effect  upon  the  tis- 
sues from  the  presence  of  proteolytic  enzymes. 

5.  The  inflammatory  process  causing  the  formation  of  the  abscess  stimu- 
lates the  cells  of  the  tissue  to  unusual  energy,  by  which,  as  has  already  been 
pointed  out,  osseous,  chondrous,  and  other  dense  substances  may  be  absorbed. 

Terminations  of  Inflammation. — The  facihty  with  which  inflamma- 
tion recovers  will  depend  upon  its  severity  and  the  extent  of  damage  done. 

Resolution. — The  mildest  forms  of  inflammation  are  said  to  terminate  by 
resolution,  which  means  that  the  liquid  transudate  is  conveyed  once  more  to 
the  circulation  through  the  lymphatics,  and  the  leukocytes,  after  having  per- 
formed their  scavenging  function,  likewise  return  to  the  lymphatics  and 
thence  possibly  to  the  circulation.     The  tissue  is  thus  restored  ad  integrum. 

Suppuration. — This  has  already  been  described  under  the  formation  of 
abscess.  The  inflammatory  process  being  too  destructive  to  permit  of  reso- 
lution, the  outcome  of  the  process  is  the  formation  of  an  abscess. 


Fig.  207. — Metastatic  abscess  of  the  liver :  a.  Dense  aggregation  of  pus-cells  ;  h,  capillary 
embolus  consisting  of  micrococci ;  c,  necrotic  liver-cells ;  d,  normal  liver-cells  (Weichsel- 
baum). 


The  ultimate  tendency  of  every  abscess  is  to  evacuate  itself  by  spontane- 
ous rupture.  It  must  be  remembered  that  the  tissties  of  the  body  are  ever 
found  in  a  condition  of  vital  tone,  in  which  every  portion  receives  a  slight 
pressure  from  every  surrounding  portion.  An  accumulation  of  pus  in  a 
tissue,  occupying  increased  space,  must  subject  it  to  an  increased  pressure 
from  the  surrounding  tissues,  the  result  of  which  is  to  cause  the  foiming  pus 
to  extend  in  the  direction  of  least  resistance,  until  some  locality  was  reached 
in  which  pressure  was  no  longer  felt. 

Such  movement  of  an  abscess  is  technically  called  ' '  burrowing. ' '  The 
abscess  prepares  the  way  for  its  own  movement  by  macerating,  digesting,  de- 
generating, and  disorganizing  the  tissue  against  which  it  impinges.  Rupture 
may  take  place  at  the  surface  of  the  body  or  into  one  of  its  cavities.  The 
latter  is  less  favorable,  and  may  indeed  be  fatal,  by  occasioning  peritonitis,  etc. 
Rupture  may  also  occur  into  the  circulatory,  respiratory,  or  urinary  system, 
etc.,  with  varying  results.  Certain  abscesses  burrow  long  distances  before 
they  are  able  to  evacuate.     Thus,   the  nectotic  pus  formed  in  the  dorsal 
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spinal  region  in  Pott's  disease  ("eold  abscesses")  may  burrow  to  the  pop- 
liteal space  before  "pointing."  When  an  abscess  finally  comes  to  the  sur- 
face -to  rupture,  it  causes  some  swelling  and  is  said  to  "point.''' 

Evacuation  may  occur  spontaneously,  the  pus  escaping  with  a  gush.  The 
evacuation  of  an  abscess  leaves  a  more  or  less  ragged  cavity,  which  partakes 
of  the  nature  of  an  ulcer.  For  a  considerable  time  after  evacuation  it  con- 
tinues to  discharge  some  pus,  a  fact  which  led  the  older  pathologists  to 
believe  that  a  "pyogenic  membrane  "  lined  the  abscess  cavity.  What  was 
formerly  called  the  pyogenic  membrane  is,  however,  nothing  but  the  periph- 
eral portion  of  the  abscess,  in  which  the  tissue,  not  having  completely  liquefied 
and  disintegrated,  permits  the  gradual  exudation  of  the  pus-cells  it  contained. 
When  the  position  of  an  abscess  is  such  that  it  cannot  rupture,  the  contents 
become  inspissated  and  calcify. 

Suppurations  of  certain  parts  of  the  body  receive  special  names.  Thus, 
a  collection  of  pus  in  a  serous  cavity  is  an  empyema,  although  the  term  is 
usually  restricted  to  the  pleural  cavity  and  joints.  Pus  in  the  pericardium  is 
caWeA pyopericardium ;  in  the  anterior  chamber  of  the  eye,  hypopyon;  in  the 
VaWp^ix^ny^,  pyosalpinx ;  in  the  pelvis  of  the  'kidney,  pyonephrosis.  Sup- 
purations of  the  subcutaneous  tissue  according  to  the  location  and  appear- 
ances are  described  as  furuncles  or  boils,  carbuncles,  whitlows  or  felons,  and 
Allulitis.  A  suppuration  that  occurs  in  the  cellular  tissue  of  the  neck  is 
called  t,udwig's  angina,  or  angina  Ludovici. 

Organization,  Cicatrization,  or  Repair. — This  is  sometimes  spoken  of  as 
the  conversion  of  the  inflammatory  exudate  into  fibroconnective  tissue. 
There  is,  however,  no  reason  to  believe  that  the  pus-cells  whose  origin  we 
have  found  to  be  the  polymorphonuclear  leukocytes  of  the  blood  possess  the 
powe«  of  forming  tissue.  Their  function  seems  to  be  exclusively  that  of 
scavengers,  whose  only  purpose  in  leaving  the  blood  vessels  is  to  dispose  of 
the  cause  of  irritation.  We  must,  therefore,  consider  the  formation  of  con- 
nective tissue  which  characterizes  organization  as  depending  upon  an  activity 
in  the  cells  of  the  conneetive  tissue,  which,  after  the  acme  of  the  inflamma- 
tion has  passed,  are  sufficiently  stimulated  to  multiply  and  develop.  Organi- 
.  zation  may  take  place  independently  of  suppuration  where  mild  irritation 
persists,  or  it  may  succeed  it.  In  either  case  the  stimulation  of  the  cells  is 
probably  mild,  though  prolonged. 

Organization  is  a  most  important  biologic  phenomenon,  being  the  uni- 
versal process  of  repair.  If  we  could  watch  the  cells  of  connective  tissue  in 
process  of  fiber  formation,  we  would  doubtless  find  the  primitive  round  or 
oval  cells,  and  perhaps  the  endothelial  cells  also,  becoming  transformed  into 
spindle-shaped  cells,  epithelioid  cells,  or  fibroblasts,  which,  through  further 
changes  in  the  cytoplasm,  eventually  form  fibers.  The  process,  therefore,  is 
analogous  to  the  formation  of  fibroconnective  tissue  in  the  embryo.  It  is 
not  known  how  the  fibers  are  formed.  It  is  thought  by  some  to  take  place 
through  longitudinal  cleavage  of  the  cells ;  by  others,  through  exudation 
from  the  cells.  A  peculiarity  of  the  new  connective  tissue  that  the  student 
should  never  forget  is  its  marked  tendency  to  contract,  a  benign  tendency 
when  the  edges  of  healing  wounds  are  to  be  drawn  together,  but  a  most  per- 
nkiousjpne  when  thickened  bands  of  tissue  penetrating  organs  of  the  body 
press^fpon  *heir  functional  elements  and  cause  them  to  atrophy. 

The  irregular  openings  remaining  in  the  tissue  after  abscess  evacuation 
has  been  completed  must  in  some  way  be  repaijed.  The  walls  of  the  abscess 
gradually  become  freed  from  the  invading  leukocytes,  and  the  necrotic  tissue 
forming  the  so-called  pyogenic  membrane  gradually  becomes  covered  with 
groups  of  growing  cells,  familiar  to  every  surgeon  as  granulation  tissue. 
Granulation  tissue  is  composed  of  granulations,  or  groups  of  growing  cells 
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surrounding  vascular  loops.  These  growing  cells  surround  sprouts  from  pre- 
existing capillary  blood  vessels,  and  are  actively  engaged  in  forming  new- 
connective  tissue  between  the  cavity  originally  occupied  by  the  pus  and  the 
surrounding,  no  longer  inflamed,  tissue.  As  soon  as  the  pus  has  been  dis- 
charged, the  cavity  of  the  abscess  collapses  because  of  the  normal  pressure 
of  the  surrounding  tissue.  When  the  surfaces  covered  with  growing  cells 
come  in  contact,  union  by  fusion  takes  place,  and  the  cavity  is  gradually 
obliterated.  In  this  way  what  may  have  originally  appeared  as  an  enormous 
gap  in  the  tissue  is  eventually  transformed  either  into  a  node  or  a  cord  of 
fibroconnective  tissue,  in  which  it  is  difficult  to  find  the  slightest  trace  of  the 
original  condition. 

In  the  organization  following  suppuration  no  other  tissue  than  fibroconnec- 
tive tissue  is  formed,  and  it  is  only  at  a  later  period,  if  at  all,  that  anj'  resti- 
tution of  the  original  muscular, .  nervous,  glandular,  or  other  tissue  of  the 
organ  takes  place. 

Two  kinds  ®f  granulation  tissue  are  described  :  the  fibroid,  which  is  that 
usually  seen  and  already  described,  and  which  leads  to  the  formation  of  con- 
nective tissue,  and  the  adenoid,  which  is  so  called  from  the  resemblance  it 
bears  to  the  structure  of  the  lymphatic  glands.  It  consists  of  a  more  or  less 
well-developed  fibrous  reticulum,  whose  meshes  are  filled  with  lymphocytes 
and  fibroblasts.  Its  formation  indicates  that  the  irritation  is  not  yet  over- 
come, and  the  development  of  fibroconnective  tissue  is  being  retarded. 
Tissue  of  this  kind  is  seen  in  tuberculous  lesions,  especially  in  such  loose 
tissues  as  the  subperitoneal  areolar  tissue. 

The  surface  of  every  ulcer  is  covered  with  granulations,  forming  granula- 
tion tissue.  The  degree  of  natural  stimulation  which  these  receive  from 
contact  with  the  air,  the  crusts  which  form  upon  them,  and  from  foreign 
bodies,  etc.,  is  usually  sufficient  to  enable  the  tissue  to  grow  properly  and 
effect  a  prompt  healing.  If,  however,  through  deficient  nutrition  or  other 
cause,  the  granulation  tissue  ceases  to  grow,  the  ulcer  becomes  indolent  and 
healing  is  retarded  until  some  artificial  stimulus,  such  as  an  application  of 
lunar  causti'c,  is  made.  On  the  other  hand,  the  accidental  infection  of 
granulation  tissue  sometimes  causes  multiplication  of  cells  entirely  out  of 
proportion  to  the  necessary  fiber  formation,  and  the  granulations  grow  large 
and  prominent,  and  form  exuberant  granulations,  or  ^' proud  flesh,''''  which 
retard  further  repair  unless  removed  by  the  knife  or  scissors  or  burned  off 
with  caustic  applications. 

When  the  inflamed  tissue  is  a  serous  membrane,  the  organization  is  com- 
monly//arf/V,  and  leads  to  the  formation  of  what  are  known  as  adhesions, 
which  usually  form  where  the  denuded  surfaces  of  the  inflamed  membranes 
have  been  agglutinated  by  sticky  fibrin.  The  inflammation  and  fibrin  forma- 
tion, or  fibrinoid  degeneration,  have  been  followed  by  the  destruction  or 
displacement  of  the  covering  endothelium,  so  that  the  surfaces  in  contact  are 
denuded  and  well  calculated  to  grow  together.  From  the  subendothelial 
layers,  through  the  still  persisting  fibrin  framework,  the  fibroblasts  grow  and 
form  fibers  binding  the  two  membranes  together,  so  that  a  firm  fibrous  union 
finally  occurs.  As  the  inflammatory  process  finally  disappears  and  movement 
is  again  possible,  the  adhesions  limit  it  according  to  their  extent.  If  move- 
ment is  still  possible  in  spite  of  the  adhesions,  the  new  connective  tissue  is 
subjected  to  more  or  less  constant  tugging,  and  the  adhesions  gradually  attenu- 
ate until  they  are  transformed  into  fibrous  cords  connecting  the  no  longer 
closely  approximated  surfaces.  This  process  is  common  to  the  peritoneal, 
pleural,  pericardial,  meningeal,  and  other  serous  membranes. 

Histology  of  Acute  Inflammatory  Lesions. — The  hyperemia  and  edema 
which  begin  the  inflammatory  process  cannot  with  certainty  be  differentiated 
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from  more  simple  processes,  hence  the  only  microscopic  criterion  for  the 
recognition  of  inflammation  is  the  presence  of  inflammatory  cells  in  the 
tissue.  The  source  of  the  greater  number  of  these  has  already  been  traced, 
but  as  the  transmigrated  leukocytes  are  not  the  only  important  cells  which 
appear  in  inflamed  tissues,  it  seems  well  to  speak  of  the  different  cells  in 
detail. 

I  The  Leukocytes.— The  chief  cells  in  point  of  numbers  are  the  polymorphonuclear  leuko- 
cytes which  transmigrate  from  the  blood  vessels.  As  these  cells  pass  through  the  vessel-walls, 
they  usually  collect  more  or  less  plentifully  immediately  outside  the  vessels,  where  th^  at  first 
form  clusters,  then  penetrate  into  the  deeper  tissue  to  the  actual  focus  of  irritation.  The  cells 
do  not  seem  to  change  their  appearance  in  any  way,  but  present  all  the  characteristics  by  which 
they  are  recognized  in  the  blood. 

Lymphocytes,  both  large  and  small,  also  appear  in  inflamed  tissue,  the  large  lymphocytes 
or  hyaline  cells  predominating  in  numbers.  Small  lymphocytes,  having  no  visible  cytoplasm, 
cannot  be  phagocytic,  but  the  large  lymphocytes  are  actively  phagocytic  and  are  regarded  by 
many  writers  as  among  the  most  important  scavenger  cells.  Eosinophilic  cells  may  or  may 
not  be  present.  It  is  usually  observed  that  if  the  serous  membranes  are  inflamed,  the  eosino- 
philic cells  usually  predominate  in  numbers  in  the  early  stages,  later  being  replaced  by  the 
polymorphonuclear  cells. 

In  very  mild  degrees  of  inflammation  the  large  lymphocytes  may  be  the  only  cells  to 
appear.  In  the  section  upon  Diseases  of  the  Blood  {q.  v.)  the  peculiarities  of  the  different 
leukocytes  and  the  methods  of  differentiating  them  will  be  found  in  detail. 

The  recognition  of  the  polymorphonuclear  leukocyte,  the  eosinophile,  and  the  small 
lymphocyte  is  easy,  but  quite  a  different  problem  confronts  us  when  we  attempt  to  decide  with 
certainty  the  histogenesis  of  the  cells  which  are  included  under  the  term  large  lymphocyte. 
While  there  can  be  little  doubt  but  that  the  large  lymphocyte  of  the  blood  appears  in  inflamed 
tissue,  there  are  other  cells  of  celomic  origin  that  may  readily  be  confounded  with  it.  These 
latter  cells  are  large  in  size,  possess  cytoplasm  free  of  granules,  and  a  single  vesicular  nu- 
cleus which  stains  palely.  It  is  supposed  that  many  of  these  are  derived  from  the  fixed,  and 
perhaps  some  from  the  wandering,  connective-tissue  cells.  Their  phagocytic  activity  pro- 
claims them  of  importance-  in  combating  the  source  of  irritation,  though  they  may  have  for 
their  chief  function  the  post-inflammatory  connective-tissue  regeneration.  The  difficulty  of 
distinguishing  between  such  hyaline  cells  of  vascular  and  of  celomic  origin  has  probably  been 
the  cause  of  the  once  wide-spread  error  that  connective-tissue  formation  depended  upon  the 
activity  of  leukocytes. 

The  relative  proportion  of  these  different  cells  seems  to  depend  upon  the  nature  of  the 
process.  Thus,  when  the  inflammation  is  mild,  the  hyaline  cells  seem  to  be  particularly 
numerous,  while  when  the  inflammatory  process  is  active,  the  polymorphonuclear  cells  more 
and  more  outweigh  them  in  numbers,  until,  when  pus  is  finally  formed,  few  other  cells  are 
observed.  Just  what  causes  determine  which  cells  shall  predominate  and  through  what  influ- 
ence the  different  cellular  invasion  is  governed  is  unknown.  It  may  be  some  chemic  variation 
in  the  inflammatory  products,  as  we  find  that  peculiar  inflammatory  conditions,  such  as  are 
excited  by  the  presence  of  certain  parasites,  notably  trichina,  greatly  augment  the  number  of 
eosinophiles  that  appear. 

2.  The  Plasma  Cell. — There  is  considerable  confusion  at  the  present  time  concerning  plasma 
cells,  because  different  authors  have  applied  this  name  to  very  different  elements.  The  plasma 
cell  of  Unna  is  apparently  identical  with  the  "  Mastzelle  "  of  Ehrlich,  and  will  be  described  as 
such.  The  plasma  cell,  as  it  is  recognized  by  most  writers  of  the  present  time,  is  probably  of 
hemal  origin.  It  is  not  known  from  what  leukocyte  or  by  what  process  it  is  formed.  It  is 
usually  observed  in  greatest  numbers  in  acutely  toxic  conditions,  and  is,  therefore,  most  abun- 
dant in  the  lesions  of  diphtheria  and  other  toxic  diseases.  The  cells  are  usually  a  little  larger 
than  leukocytes,  of  ovoid  shape,  have  a  hyaline  cytoplasm  which  absorbs  the  nuclear  stain 
slightly,  and  a  nucleus  of  vesicular  character,  rich  in  chromatin,  which  is  almost  invariably 
placed  excentrically  in  the  cell.  Such  cells  are  found  in  nearly  all  inflammatory  lesions,  but 
their  purpose  is  unknown. 

3.  The  "Mastzelle,"  or  rousting  cell,  the  plasma  cell  of  Unna,  was  carefully  studied  by 
Ehrlich.  It  is  larger  than  any  of  the  cells  thus  far  described,  may  be  regular  or  irregular  in 
outline,  and  is,  therefore,  probably  ameboid,  has  an  oval  vesicular  nucleus,  but  is  chiefly  char- 
acterized by  an  extremely  granular  cytoplasm.  The  granules  are  very  fine,  and  have  a  strong 
affinity  for  basic  dyes.  They  stain  well  with  hematoxylin.  "  Mast-zellen  "  are  not  always 
present  in  inflammation,  appearing  to  be  most  frequent  in  inflammation  of  the  mucous 
membranes.  The  nature  of  the  granules  is  not  determined,  and  the  significance  of  the  cell  is 
unknown.  As  this  cell  not  infrequently  presents  itself  in  the  neighborhood  of  tumors,  especially 
when  they  contain  mucin,  as  it  sometimes  appears  in  what  may,  with  reason,  be  regarded  as 
normal  submucous  tissues  ;  and  as  it  rarely  appears  in  great  niimbers  in  inflammatory  accumu- 
lations, it  may  with  propriety  be  questioned  whether  it  is  an  "  inflammatory  cell." 

4.  The  epithelioid  cell  is  a  large  oval  or  elongate  cell  with  hyalin  cytoplasm  and  an  oval 
vesicular  nucleus  which  contains  but  little  chromatin.  It  is  very  probable  that  this  cell  is 
derived  from  the  fixed  cells  of  the  connective  tissue,  and  probably  also  from  endothelium.  It 
is  usually  found  in  mild  inflammatory  processes  or  at  the  termination  of  acute  destructive 
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processes,  and  is  the  probable  antecedent  of  \he^broblasi  or  connective-tissue  builder.  View^ 
ing  the  histogenesis  of  the  cells  from  this  standpoint,  it  seems  correct  to  speak  of  the  younger, 
more  oval,  cell  as  the  epithelioid  cell,  the  older,  more  distinctly  elongate,  cell  as  the  fibro- 
blast. 

Fibroblasts  are  large  cells  of  distinctly  spindle  shape,  with  ovoid  or  rod-shaped  nuclei,  poor 
in  chromatin.  They  appear  only  in  the  stage  of  repair,  and  are  extremely  numerous  in  cica- 
tricial tissue.  Their  resemblance  to  the  fibroblasts  of  the  embryo  and  the  circumstances  under 
which  they  make  their  appearance  leave  little  doubt  as  to  their  office. 

5.  Giant-cells  make  their  appearance  in  many  inflammatory  processes,  and  originate  in 
different  ways.  Marchand  introduced  bits  of  hair  into  the  cornea  and  other  tissues,  and 
found  them  surrounded  by  giant-cells  evidently  formed  by  the  fusion  of  cells,  possibly  leuko- 
cytes. 

It  is  a  common  observation  that  in  wounds  containing  bits  of  foreign  substance  too  large 
to  be  incorporated  by  phagocytes,  giant-cells  are  of  frequent  occurrence,  and  it  seems  reasona- 
ble to  infer  that  when  a  foreign  body  is  too  large  to  be  attacked  successfully  by  a  single  phago- 
cyte, neighboring  cells  coalesce  in  order  to  combine  their  efforts  at  its  solution  and  removal. 
The  cells  may  also  be  formed  by  multiplication  of  nuclei  without  division  of  the  cytoplasm. 
These  giant-celis  are  active,  vital,  and  functional,  and  thus  differ  altogether  from  the  giant- 
cells  found  in  tuberculous  and  sarcomatous  tissue. 

Their  size  varies,  probably  according  to  the  conditions  of  their  formation,  and  they  contain 
from  two  or  three  to  a  dozen  nuclei,  but  never  attain  a  size  approaching  the  giant-cells  of 
tubercle. 

Interpretation  of  the  Phenomena  of  Inflammation.— A  careful 
analysis  of  the  phenomena  of  inflammation  leads  us  to  the  broad  generaliza- 
tion that  they  are  conservative  in  tendency,  benign  in  disposition,  and  evi- 
dently the  result  of  a  carefully  adjusted  protective  mechanism. 

The  inflammatory  hyperemia,  with  its  associated  edema,  exerts  a  diluting 
and  solvent  action  upon  the  irritant,  and  tends  to  remove  and  scatter  it,  thus 
lessening  its  injurious  effects.  The  cellular  infiltration  of  the  tissue  is  suc- 
ceeded by  phagocytosis,  with  probable  destruction  of  microparasites  and 
solution  of  irritating  particles.  Failing  by  these  means  to  dispose  of  the 
source  of  irritation,  the  further  invasion  of  inflammatory  cells,  with  the  suppu- 
ration, colliquation,  burrowing,  and  pointing,  is  but  a  preliminary  to  its  final 
ejection  as  the  abscess  evacuates.  The  phenomena  of  cicatrization  are  but 
the  final  reparatory  processes. 

When  an  irritation  is  mild  and  continuous  in  action,  the  phenomena  at- 
tending it  are  different  from  those  described,  and  characterize  the  condition 
known  as  chronic  inflammation. 

Chronic  inflammation  results  from  continued  irritation. 

Etiology. — It  may  follow  acute  inflammation,  or  may  be  chronic  from  its 
very  inception  if  it  depends  upon  the  continuous  or  repeated  irritation  of 
certain  substances  in  the  circulating  blood,  as  alcohol  to  the  liver  and  lead 
to  the  kidneys.     It,  therefore,  may  be  either  toxic  or  infectious. 

Pathology. — It  is  essentially  different  from  acute  inflammation,  and  except 
that  it  is  a  reaction  of  irritation  and  itself  a  reactive  process,  should  not  be 
described  as  inflammatory. 

Chronic  inflammation  is  chiefly  characterized  by  fibrosis,  or  new  fibro- 
connective-tissue  formation.  All  the  essential  phenomena  of  acute  inflamma- 
tion— hyperemia,  edema,  cellular  infiltration,  colliquation,  and  suppuration — 
are  absent,  and  the  condition  is  characterized  instead  by  slow  and  progressive 
hyperplasia  of  connective  tissue,  months,  or  perhaps  even  years,  being  required 
before  it  becomes  sufficiently  important  to  make  itself  symptomatically 
obvious. 

The  proliferated  connective  tissue  occurs  as  exaggerations  of  the  fibrous 
framework  of  organs  or  as  cicatricial  masses  in  the  cellular  tissues.  It  is 
formed  by  multiplication  of  the  connective-tissue  cells  and  the  formation 
of  new  fibers.  Only  occasionally  does  one  find  the  tissue  occupied  by  isolated 
leukocytes  or  other  inflammatory  cells. 

Morbid  Anatomy. — The  new  formation  of  connective  tissue  is  a  menace 
to  the  health  of  the  part  in  which  it  occurs.     The  fibrous  tissue,  by  pressure 
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upon  the  proper  parenchyma  of  the  organ,  causes  atrophy,  which,  combined 
with  the  contraction  of  newly  formed  connective  tissue,  transforms  the  diseased 
organ  to  a  small  indurated  mass-. 

The  fibrosis  and  atrophy  rarely  progress  uniformly,  so  that  the  surface  of 
the  affected  organs  is  usually  irregular  and  marked  by  furrows,  pits,  and 
depressions,  resulting  in  part  from  atrophic  loss  of  substance,  in  part  from 
contraction  of  the  newly  formed  connective  tissue.  The  most  interesting 
example  of  this  is  found  in  cirrhosis  of  the  liver,  where  the  irregularities 
upon  the  surface  are  so  striking  as  to  give  the  organ  the  name  "hob-nail 
liver,"  and  in  chronic  interstitial  nephritis,  where  the  once  smooth  surface 
of  the  kidney  becomes  coarsely  granular. 

Pathologic  Histology. — So  closely  does  the  newly  formed  connective  tissue 
resemble  the  normal  that  it  may  be  impossible  to  differentiate  between  them, 
and  it  may  be  only  by  noting  the  relative  proportion  of  fibrous  tissue  that  its 
increase  can  be  determined. 

Fibrosis  is  a  wide- spread  process  affecting  the  valves  of  the  heart  and  its 
lining  membrane  in  chronic  endocarditis,  the  aorta  and  blood  vessels  in 
arteriosclerosis,  the  major  organs  in  cirrhotic  hepatitis,  interstitial  nephritis, 
atrophic  gastritis,  etc.,  yet  it  is  nearly  always  referable  to  local  or  systemic 
intoxications,  among  which  alcoholism,  syphilis,  lead-poisoning,  gout,  and 
rheumatism  are  most  important.  Even  the  fibrosis  of  senility  may  be  refer- 
able to  inadequate  action  of  the  kidney  or  of  some  other  organ  by  which 
irritating  substances  are  retained  in  the  blood.  It  seems  improbable  that  any 
single  irritant  can  be  present  in  the  blood  in  all  the  varying  conditions. 
Much  more  probably  any  substance  sufficiently  stimulating  to  hasten  cellular 
activity  may  induce  it. 

The  Healing  of  Wounds. — The  older  writers  upon  surgery  were 
accustomed  to  describe  five  methods  by  which  wounds  healed  :  (i)  Immediate 
union  ;  (2)  first  intention  ;  (3)  second  intention  ;  (4)  secondary  adhesion  ; 
(5)  beneath  a  scab.  Immediate  union,  which  signified  the  actual  union  of 
cell  to  cell,  fiber  to  fiber,  etc.,  is  now  known  to  be  impossible,  and  it  is. 
recognized  that  healing  under  a  scab  does  not  differ  in  any  essential  from 
other  modes  of  healing.     We  need,  therefore,  only  consider — 

1.  Healing  by  first  intention. 

2.  Healing  by  second  intention. 

These  modes  of  healing  are  identical  so  far  as  the  process  itself  is  con- 
cerned, but  vary  slightly  according  to  local  conditions. 

In  every  wound  the  surface  epithelium  is  divided,  the  deeper  tissues  sepa- 
rated from  one  another,  and  the  blood  vessels  opened.  The  immediate 
effects  are  gaping  of  the  wound  and  hemorrhage.  After  the  natural  causes, 
described  in  the  section  upon  hemorrhage,  have  checked  the  flow  of  blood, 
the  wound  remains  filled  with  blood,  which  coagulates,  retracts,  and  draws 
and  holds  the  surfaces  together.  Upon  the  surface  a  crust  or  scab  soon  forms, 
through  the  drying  of  the  exuded  fluids. 

If  such  a  wound  is  free  from  infecting  bacteria,  repair  at  once  begins. 
The  divided  tissues  are  in  contact  with  an  abnormal  substance — coagulated 
blood — and  are  mildly  irritated  by  it,  with  the  result  that  hyperemia,  exuda- 
tion, transmigration  of  leukocytes,  and  proliferation  of  connective  tissue  occur. 
The  coagulated  blood  gradually  disintegrates,  and  the  fragments  of  corpuscles, 
granules  of  pigment,  and  shreds  of  fibrin  are  removed  by  the  activity  of 
phagocytes.  As  the  coagulum  disappears,  the  cells  of  the  tissue  on  each 
side  of  it  grow  and  extend  into  it,  so  that  the  clot  becomes  a  kind  of 
scaffolding  upon  which  the  new  connective  tissue  is  built  up.  In  the  course 
of  a  day  or  two  new  fibers  begin  to  bridge  over  the  interval,  and  in  three  or 
four  days  the  new  tissue  begins  to  be  fibrous.    The  tissue  formation  keeps  pace 
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with  the  absorption  of  the  clot,  until,  when  it  has  entirely  disappeared;  the 
gap  is  completely  filled  with  embryonal  connective  tissue.  The  dry  scab 
upon  the  surface,  no  longer  being  held  in  place  by  fibrinous  filaments  descend- 
ing into  the  general  coagulum  and  being  impinged  upon  all  sides  by  the 
growing  cells  of  the  epithelium,  drops  off,  and  a  smooth  glazed  surface  is  left 
upon  which  the  epithelium  rapidly  grows  from  the  surrounding  tissue.  When 
thus  freshly  repaired,  the  wound  appears  red  and  the  new  tissue  soft  and 
tender.  The  subsequent  contraction  of  the  connective-tissue  fibers,  however, 
reduces  its  size  and  causes  it  to  whiten.  The  size  of  the  remaining  cicatrix 
depends  entirely  upon  the  accuracy  with  which  the  tissues  were  approximated 
before  healing  set  in.  In  sutured  wounds  or  in  wounds  whose  edges  are 
firmly  held  in  apposition  by  plaster  comparatively  little  new  tissue  is  formed, 
and  the  cicatrix  appears  as  a  delicate,  pale  line.  It  is  this  process  that  is 
called  healing  by  first  intention.  If,  however,  the  wound  were  permitted  to 
gape  widely,  so  that  considerable  new  tissue  were  required  to  bridge  it  over, 
the  cicatrix  appears  correspondingly  large  and  perhaps  disfiguring. 

In  infected  wounds  the  course  of  events  is  quite  different  in  that  the 
process  of  healing  is  interrupted  by  the  phenomena  of  suppuration. 
Chemotactic  influences  develop,  leukocytes  appear  in  the  walls  of  the 
wound  in  large  numbers,  and  degeneration,  disintegration,  colliquation,  and 
suppuration  occur,  the  tissues  surrounding  the  wound  melting  away  before 
the  invading  bacteria  and  cells.  When  the  activity  of  the  micro-organ- 
isms is  checked  by  the  occurrence  of  local  immunity  and  the  abscess  evacu- 
ates, a  considerable  sized  space  remains,  the  walls  of  which  are  but  mildly 
irritated  by  the  particles  of  necrotic  tissue,  the  dead  bacteria,  the  exuded 
leukocytes,  etc.,  that  have  not  yet  been  removed.  This  mild  irritation, 
added  to  that  occasioned  by  the  drying  effect  of  the  atmosphere  upon  the 
wound,  and  the  numerous  slight  accidental  stimuli  brought  to  bear  upon 
it,  keep  the  tissues  active,  and  stimulate  new  tissue  formation  by  means  of 
which  the  final  healing  is  brought  about.  The  exposed  surface  of  the 
wound  soon  shows  granulations  in  large  numbers,  and  from  all  parts  of  the 
bottom  and  sides  new  connective  tissue  begins  to  grow.  If  such  a  wound, 
after  the  cessation  of  suppuration,  can  have  its  surfaces  brought  into  contact 
without  danger  of  further  infection,  the  repair  is  much  accelerated,  but 
usually  the  surgeon  packs  it  with  gauze,  keeps  it  open,  and  consequently 
compels  it  to  heal  "from  the  bottom."  This  healing  from  the  bottom  is 
what  the  surgeons  describe  as  healing  by  second  intention,  or  granulation. 
The  process  is  the  same  as  healing  by  first  intention,  except  for  the  absence 
of  the  scaffolding  upon  which  the  formation  of  new  tissue  can  immediately 
begin. 

The  healing  by  secondary  adhesion,  often  mentioned  by  surgeons,  is  not  a 
definitely  characterized  mode  of  healing. 

Sometimes  the  newly  formed  connective  tissue  characterizing  the  healing 
of  wounds  fails  to  pass  through  the  usual  metamorphoses  and  forms  a  contract- 
ing cicatrix,  but  continues  to  grow,  the  resulting  tissue  masses  being  known 
as  keloidal  growths  or  keloids,  and  supposed  to  be  related  to  neoplasms. 

Regeneration  of  Tissue. — The  destructive  effects  of  inflammation  and 
other  disease  processes  are  not  infrequently  succeeded  by  repdir,  the  perfec- 
tion of  which  depends  chiefly  upon  the  complexity,  vitality,  and  specializa- 
tion of  the  tissues  concerned.  In  the  main,  repair  is  accomplished  through 
the  formation  of  new  connective  tissue,  through  intermediate  granulation 
tissue.  Concomitant  with  or  subsequent  to  the  connective-tissue  repair,  re- 
generative changes  in  other  tissue  elements  may  take  place. 

Epithelial  Tissues.- — Surface  epithelium,  whether  of  the  simple  pavement 
form,  the  simple  columnar  type,  or  the  transitional  pavement  or  columnar 
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types,  regenerates  readily  through  the  multiplication  of  the  cells  adjacent  to 
the  wound.  In  large  superficial  ulcerations  much  time  may  elapse  before  the 
continuous  growth  from  the  edges  is  able  to  cover  the  entire  surface,  and 
during  the  interval  the  growth  of  micro-organisms  upon  the  denuded  surface, 
as  well  as  other  accidents,  may  interrupt  or  inhibit  its  growth. 

The  remarkable  facility  for  growth  possessed  by  the  epithelial  cells  is  well 
illustrated  in  skin  grafting,  in  which,  in  order  to  accelerate  the  healing,  the 
surgeon  removes  fragments  of  the  epidermis  from  healthy  portions  of  the  skin 
and  transplants  them  to  the  surface  of  the  wound,  where  they  at  once  begin 
to  grow.  By  thus  increasing  the  number  of  centers  from  which  the  growth 
of  the  cells  can  take  place,  the  epithelium  much  more  quickly  regenerates. 

Columnar  epithelium,  while  more  delicate  than  squamous  epithelium  and 
probably  not  susceptible  of  transplantation,  regenerates  similarly  by  multipli- 
cation of  the  remaining  cells,  as  is  abundantly  illustrated  in  the  healing  of 
typhoid  ulcerations  of  the  intestine  and  peptic  ulcerations  of  the  stomach. 

The  regeneration  of  the  more  highly  specialized  epithelial  structures  which 
enter  into  the  composition  of  organs  is  a  much  more  complicated  matter. 

{a)  The  Mammary  Gland. — It  is  not  certain  that  destroyed  mammary 
tissue  regenerates.  In  cicatrices  resulting  from  the  healing  of  wounds  and 
the  cicatrization  of  abscess  cavities,  signs  of  regeneration  of  the  glandular 
structure  are  usually  wanting.  The  ability  of  the  gland  to  increase  its  secret- 
ing substance,  in  anticipation  of  lactation,  by  the  formation  of  new  acini  by 
processes  budding  from  preexisting  ducts  and  acini,  suggests  that,  should  the 
presence  of  dense  cicatricial  tissue  or  other  unfavorable  conditions  not  inter- 
vene to  prevent  it,  the  mammary  gland  would  readily  form  new  tissue  to  re- 
place what  had  been  destroyed.  The  pancreas  and  salivary  glands,  having 
an  analogous  structure,  probably  possess  similar  capabilities. 

{b)  The  Liver. — It  is  not  known  positively  that  the  hepatic  tissue  regene- 
rates. Being  a  tubular  gland,  it  is  conceivable  that  new  secretory  structures 
may  be  formed  by  budding  offshoots  from  the  remaining  structure.  What  seems 
to  be  an  attempt  at  this  is  observed  in  cirrhosis  and  other  destructive  diseases 
with  atrophy,  in  which  a  marked  and  remarkable  proliferation  of  small  bile- 
ducts  takes  place.  There  seems  to  be  no  particular  reason  for  the  existence 
of  these  ducts ;  their  appearance  is  quite  atypical,  and  their  presence  is  now 
generally  interpreted  to  signify  an  attempt  at  the  formation  of  new  secreting 
substance  by  offshoots  from  the  ducts. 

{c)  The  Kidney. — That  whole  uriniferous  tubules  regenerate;  and  that  new 
glomerular  capillary  tufts  can  form  to  connect  with  them,  is  very  improbable. 
Indeed,  it  is  uncertain  whether  the  kidney  regenerates  further  than  to  repair 
its  injured  and  desquamated  epithelial  cells.  This  seems  to  be  readily  accom- 
plished, as  cases  of  acute  nephritis  with  desquamation  of  the  cells  recover 
completely.  Remembering  that  the  kidney  has  a  double  function — that  of 
removing  water  from  the  blood  through  the  glomerular  tufts,  and  of  secreting 
important  solids  by  its  glandular  cells,  we  can  conceive  the  possibility  of  any 
regenerative  efforts  being  directed  toward  the  compensation  of  the  simpler 
of  the  two  functions.  If,  therefore,  the  normal  tubules  were  to  give  off 
tubular  branches  containing  secretory  cells,  the  secretory  function  of  the 
organ  might  be  assisted  even  though  the  water  elimination  might  not  be 
provided  for. 

Muscular  Tissues. — The  unstriped  muscular  tissue  seems  capable  of  re- 
generation by  multiplication  of  its  cells.  Its  ability  to  do  so  is  limited,  how- 
ever, as  we  find  in  the  repair  of  wounds  and  ulcerations  of  the  stomach  and 
intestine  that  the  newly  formed  tissue  is  almost  purely  fibrous. 

The  cardiac  muscle  also  seems  to  have  a  very  limited  ability  to  repair 
damage.     Acute  suppurative  myocarditis  with  loss  of  muscular  substance  and 
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embolism  with  resulting  focal  cardiomalacia  are  nearly  always  followed  by  the 
formation  of  fibroid  patches  in  the  wall  of  the  heart,  without  new  formation 
of  fibers. 

The  striated  muscular  tissue  regenerates  to  a  limited  extent,  the  regenera- 
tion taking  place  solely  through  activities  in  the  living  tissue.  In  about  two 
days  after  a  muscle  is  injured  it  is  found  that  at  the  ends  of  the  injured  or 
lacerated  fibers  a  multiplication  of  the  muscle-cells  takes  place,  both  in  the 
still  attached  and  living  fibers  and  in  the  separated  fragments. 

In  the  ends  of  the  attached  fibers  this  multiplication  of  cells  forms  nucle- 
ated sarcoplasmic  masses  resembling  giant-cells.  These,  which  are  some- 
times called  buds,  gradually  grow  into  the  cicatrix,  thus  increasing  the  lenj;th 
of  the  fiber.  The  development  of  striations  and  the  formation  of  fibrilla  do 
not  occur  until  later.  As  the  buds  extend  into  the  tissue,  they  frequently 
split  up  into  several  portions,  thus  appearing  to  increase  the  number  of  fibers, 
though  they  are  smaller  than  normal. 

The  cells  that  grow  in  the  isolated  muscle  fragments  rarely  attain  much 
importance.  They  first  appear  like  large 
epithelioid  cells,  but  later  the  multipli- 
cation of  nuclei  transforms  them  to 
giant-cells  much  like  those  seen  on  the 
ends  of  the  growing  fibers.  It  seems 
probable  that  tljese  masses,  not  being 
associated  with  the  muscle  substance, 
mostly  die,  although  they  can  be  found 
in  cicatrices  a  month  or  two  old. 
Should  they  be  able  to  progress  to 
perfection,  it  is  probable  that  the  suc- 
cessive steps  would  resemble  those  seen 
in  the  budding  fibers — viz.,  the  devel- 
opment of  cross-striations  and  later  fib- 
rillation. 

The  chief  regeneration  after  muscle 
injuries  is  always  in  the  connective  tis- 
sues, by  which  only  cicatricial  and  not 
muscular  tissue  is  formed.  Although 
the  amount  of  newly  formed  muscular 
tissue  is  sufficient  to  show  that  the 
tissue  regenerates  somewhat,  enough 
new  muscular  tissue  is  never  formed 
to  be  of  much  importance.  In  order 
that  muscle  regeneration  can  occur,  it  is  essential  that  the  tissue  be  well 
nourished,  though  it  is  not  essential  that  it  receive  nervous  impulses,  as  once 
supposed. 

Blood  Vessels. — The  new  blood  vessels  so  conspicuous  in  granulation 
tissue  and  forming  an  essential  element  in  the  development  of  the  cicatrix 
are  derived,  by  budding,  from  preexisting  vessels.  The  careful  investiga-^' 
tions  of  Arnold  have  shown  that  from  the  wall  of  a  capillary  blood  vessel  a 
conic  outgrowth  makes  its  appearance,  rapidly  elongates,  and  terminates  in 
a  delicate  filament.  Many  such  filaments  make  their  appearance  simul- 
taneously in  tissues  in  which  rapid  vascular  formation  is  taking  place.  The 
filaments  extend  into  the  growing  cellular  mass  until  they  meet  similar  fila- 
ments from  other  conic  processes.  Having  united,  they  form  a  solid  proto- 
plasmic cord  connecting  the  capillaries.  Excavation  of  this  cord  begins  at 
both  ends,  the  circulating  corpuscles  impinging  little  by  little  upon  the 
excavation,  which  becomes  deeper  and  deeper  until  a  distinct .  channel  ex- 


FiG.'  208. — Formation  of  new  blood 
vessels,  as  seen  in  the  tail  of  a  tadpole  : 
ffl,  Capillary  vessel  extending  by  means 
of  a  terminal  protoplasmic  filament  ((5) ;, 
c  and  d,  protoplasmic  filaments  or  off- 
shoots by  which  a  capillary  reticulum  will 
eventually  be  formed  (Arnold).  '  • 
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tends  into  it  for  a  considerable  distance  at  each  end.  Ultimately  the  canali- 
zation reaches  the  center  and  a  new  capillary  is  formed. 

In  pathologic  processes,  such  as  neoplasms,  hyperplasias,  chronic  inflani- 
matory  and  hyperemic  conditions,  the  new  vessels  of  large  size  make  their 
appearance,  by  primary  capillary  formation,  with  secondary  formation  of  the 
adventitia  and  media  by  a  gradual  downward  growth  from  the  muscular  and 
fibrous  tissues  of  the  larger  vessels. 

The  newly  formed  blood  vessels  in  regeneration  may  be  permanent,  but 
are  usually  formed  solely  for  maintaining  the  nutrition  of  the  temporary  granu- 
lation tissue,  their  function  terminating  with  the  cicatrization  of  the  wound, 
after  which  they  disappear,  this  disappearance  depending  upon  the  contraction 
that  takes  place  in  the  cicatricial  tissue. 

Every  one  who  has  had  experience  with  wounds  knows  that  a  fresh  scar  is  red 
from  the  presence  of  capillary  blood  vessels,  but  that  an  old  scar  becomes 
white,  the  blood  vessels  having  disappeared. 

Cartilage  does  not  regenerate.  Wounds  of  cartilage  are  repaired  through 
the  formation  of  fibroconnective  tissue  only. 

Osseous  tissue  undergoes  as  perfect  a  regeneration  as  any  tissue  of  the 
body  through  the  calcification  and  subsequent  ossification  of  an  embryonal 
tissue  known  as  callus.     (See  Diseases  of  the  Bones.) 

The  nervous  tissues  regenerate  or  fail  to  do  so  according  to  their  speciali- 
zation. The  ganglionic  nervous  tissue,  being  of  very  high  specialization  and 
consequently  of  low  vitality,  fails  to  regenerate  when  destroyed.  The  con- 
sequences of  this  failure  are  familiar  in  such  lesions  of  the  nervous  system  as 
poliomyelitis,  bulbar  palsy,  etc.,  in  which  the  ganglionic  cells,  being  destroyed, 
and  failing  to  regenerate,  permanently  interrupt  the  function  of  the  associated 
muscles. 

The  destruction  of  the  ganglion-cells  is  followed  by  degeneration  of  the 
nerve-fibers.  The  toxic  degeneration  of  the  peripheral  nerves  and  the  trau- 
matic lesions  of  the  nerve-fibers  may,  however,  repair. 

Unfortunately,  there  are  many  particulars  concerning  the  regeneration  of 
nerve-fibers  upon  which  information  is  lacking.  When  a  nerve-fiber  is  severed, 
the  proximal  fragment  usually  degenerates  to  the  node  of  Ranvier,  next  above 
the  section,  while  the  distal  fragment  undergoes  complete  degeneration. 

About  two  days  after  the  injury,  and  after  signs  of  irritation  from  local 
causes  have  disappeared,  the  central  end  of  the  nerve  begins  to  grow.  In 
amputations  in  which  there  is  no  distal  end,  the  growth  of  the  central 
end  causes  the  gradual  formation  of  a  mass  of  embryonal  tissue  consisting  of 
spindle  cells,  derived  from  the  endoneurium,  and  fibers  grown  from  the  axis- 
cylinders.  When  these  masses  become  large  enough  to  be  noticeable,  they 
form  tumors  known  as  amputation  neuromata. 

If  the  limb  has  not  been  amputated,  the  new  outgrowths  from  the  axis- 
cylinders  of  the  central  end  of  the  nerve  begin  to  grow  down  in  the  path  of 
the  medullary  sheaths,  extend  through  whatever  cicatricial  tissue  may  be  at 
the  seat  of  injury,  and  on  into  the  distal  portion.  The  remaining  steps  are 
variously  described  by  different  authors.  Ziegler  and  Stroebe  observed  the 
new  nerve-fibers  most  perfect  when  they  were  able  to  grow  into  the  sheaths  of 
the  old  nerves.  They  found  the  distal  fragment  completely  degenerated. 
The  regeneration  of  the  nerve,  therefore,  occurred  solely  through  the  con- 
tinuous downward  growth  of  the  central  fragment. 

Other  observers  find  that  only  a  part  of  the  distal  fragment  degenerates, 
and  that  continuity  is  established  by  the  successful  downward  growth  of  the 
central  fragment  and  its  union  with  the  remaining  vital  distal  fibers.  Still 
others  think  they  see  signs  of  regeneration  in  the  peripheral  fragment,  which, 
as  the  axis-cylinder  degenerates,  shows  a  proliferation  of  the  cells  of  the 
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nerve-sheaths  and  the  presence  of  certain  phagocytic  cells  which  take  up  the 
myelin  droplets  set  free.  They  think  that  it  is  through  the  agency  of  these 
proliferated  cells  of  the  sheath  that  the  new  axis-cylinders  are  formed.  The 
weight  of  evidence  seems  to  be  in  favor  of  the  opinion  of  Stroebe  and 
Ziegler  that  the  new  axis-cylinder  is  formed,  not  by  the  proliferated  cells  of 
the  sheath,  but  by  the  new  growth  from  the  proximal  fragment.  It  seems 
probable,  however,  that  the  multiplication  of  the  cells  of  the  sheath  exerts 
a  nutritional  influence  upon  the  growing  axis-cylinder.  It  is  supposed  that 
the  regenerating  axis-cylinders  occupy  the  sheaths  of  the  old  fibers,  because 
they  afford  the  direction  of  least  resistance.  This  can  scarcely  be  accepted, 
however,  and  it  seems  more  likely  that  they  follow  some  attractive  influence 
or  neurotropism. 

The  tendency  to  grow  in  the  old  sheaths  has  lent  some  support  to  the  view 
that  the  new  fibers  are  formed  within  the  old  sheaths  by  the  multiplied  cells, 
and  not  by  downward  growth  from  the  proximal  fibers. 

Regenerative  attempts  have  been  described  in  the  spinal  cord,  where,  in 
complete  breach  of  nervous  conduction,  such  as  is  seen  in  transverse  myelitis 
and  the  growth  of  tumors,  presumably  regenerating  nerve-fibers  seem  to  grow 
out  into  the  spinal  membranes,  descend  past  the  seat  of  disease,  and  reenter 
the  cord  below  it. 

INFECTIOUS    DISEASES    CHARACTERIZED    ESSENTIALLY    BY    LOCAL 
MANIFESTATIONS    OF   SUBACUTE   OR   CHRONIC   FORM. , 

THE  SPECmC  GRANULOMATA. 

In  addition  to  the  inflammatory  conditions  which  have  been  described, 
and  which,  inasmuch  as  they  do  not  depend  upon  any  single  micro-organism, 
cannot  be  called  specific,  there  are  a  number  of  diseases,  characterized  essen- 
tially by  inflammatory  phenomena,  which  depend  upon  micro-organisms  un- 
known except  in  the  particular  diseases  in  which  they  occur,  and  provocative  of 
those  diseases  when  artificially  inoculated  into  animals.  These  are  the  specific 
inflammations.  In  nearly  all  of  them  the  lesions  are  focal,  and  the  course 
subacute  or  chronic,  resulting  in  circumscribed  collections  of  granulation 
tissue  which,  upon  first  sight,  resemble  neoplasms,  and  have  caused  them  to 
be  called  "  specific  granulomata." 

Although  each  disease  has  characteristics  by  which  it  can  usually  be  recog- 
nized without  difficulty,  the  lesions  found  in  each  disease  are  by  no  means 
uniform,  varying  according  to  the  rapidity  of  formation,  the  virulence  of  the 
micro-organism,  the  associated  micro-organisms,  and  the  susceptibility  of  the 
individual. 

TUBERCULOSIS. 

Tuberculosis  is  a  specific,  infectious,  inflammatory  disease  of  man  and  the 
lower  animals,  caused  by  the  Bacillus  tuberculosis,  and  characterized  by  a  sub- 
acute or  chronic  course  and  the  formation  of  more  or  less  circumscribed 
nodules,  known  as  tubercles. 

A  tubercle,  the  characteristic  lesion  of  the  disease,  is  an  inflammatory  and 
degenerative  nodule  formed  about  one  or  more  tubercle  bacilli. 

The  disease  commonly  called  "consumption"  or  "phthisis"  in  its  pul- 
monary form  is  one  of  the  most  wide-spread  and  fatal  maladies,  being  found 
among  all  peoples  and  in  all  countries.  According  to  statistics  collected  by 
Schmaus,  one-seventh  of  mankind  die  of  tuberculosis,  while  in  the  bodies  of 
those  who  die  of  other  causes  tuberculous  lesions  are  present  in  from  40  to 
50  per  cent.  About  30  per  cent,  of  infants  die  of  tuberculosis,  and  its  lesions 
are  present  in  18.8  per  cent,  of  those  dying  of  other  causes. 
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Tuberculosis  also  occurs  among  the  lower  animals.  It  is  common  among 
cattle,  and  has  been  observed  in  many  other  mammals,  notably  monkeys, 
hogs,  rabbits,  guinea-pigs,  sheep,  dogs,  horses,  cats,  and  lions.  It  also  occurs 
in  birds,  especially  in  parrots,  and  a  few  cases  have  been  recorded  in  reptiles 
and  batrachians. 

Among  men  the  disease  is  wide-spread,  affecting  all  ages,  both  sexes,  all 
social  conditions,  in  all  climates.  It  is  almost  never  hereditary  or  congenital, 
though  the  offspring  of  those  suffering  from  tuberculosis  seem  to  inherit  some 
physical  weakness  or  constitutional  taint  making  them  more  predisposed  to  it 
than  others.  For  the  same  reason  all  hygienic  errors,  such  as  overwork, 
overcrowding,  bad  food,  bad  ventilation,  frequent  pregnancy  and  prolonged 
lactation,  residence  in  damp  atmospheres,  exposure  to  cold  and  wet,  and 
mental  worry  and  exhaustion  predispose  to  it.  Damp  and  unequal  climates 
also  favor  tuberculosis. 

Etiology. — Tuberculosis  is  caused  by  the  Bacillus  tuberculosis,  which  was 
discovered  by  Koch  in  1882.  While  minute  inflammatory  nodules,  somewhat 
resembling  tubercles,  may  be  caused  by  other  bacteria  and  by  minute  irrita- 
ting particles,  such  as  powdered  glass,  etc. ,  the  true  tubercle  is  caused  only 
by  this  organism. 

The  original  source  of  infection  is  unknown,  and  the  bacillus  is  now  known 
to  us  only  as  a  parasite,  found  in  the  diseased  tissues  and  discharges  of  tuber- 
culous animals. 

Probably  the  chief  sources  of  infection  have  to  do  with  air  and  food, 
through  which  means  the  exciting  bacteria  find  their  way  into  the  body. 

The  air  becomes  a  distinct  menace  to  both  the  predisposed  and  normal 
individual  when  it  contains  tubercle  bacilli  in  the  dust  or  in  finely  pulverized 
pulmonary  secretions  thrown  out  by  consumptives  in  the  act  of  coughing. 
Bacilli  occur  in  the  air  only  where  it  is  contaminated  by  infected  individuals. 
Rooms  and  workshops  frequented  by  them  are  particularly  dangerous.  The 
same  fact  holds  good  for  cattle,  who  readily  become  diseased  when  stabled 
in  close  quarters  together  with  diseased  animals. 

Foods  are  dangerous  only  when  containing  'tubercle  bacilli  in  the  living 
state.  The  milk  and  flesh  of  tuberculous  cattle  are,  for  this  reason,  rejected 
in  all  well-regulated  communities.  The  flesh  which  is  sterilized  by  cooking 
is,  however,  more  rarely  a  source  of  infection  than  the  milk  which  is  con- 
sumed raw. 

Tuberculosis,  while  eminently  infectious,  is  only  slightly  contagious.  The 
chief  danger  in  associating  with  sufferers  from  the  disease  is  the  inhalation 
or  ingestion  of  the  bacilli  accidentally  discharged  into  the  air  during  cough- 
ing or  deposited  upon  napkins,  handkerchiefs,  and  towels. 

Fomites,  no  doubt,  play  a  considerable  part  in  the  spread  of  the  infection, 
as  in  a  variety  of  ways  that  will  suggest  themselves  to  the  reader  the  patient 
may  most  innocently  deposit  bacilli  upon  articles  handled. 

The  tuberculous  infection  may  take  place  by  any  of  the  usual  routes, 
although  the  infrequency  of  tuberculosis  of  the  genital  organs  and  the  rarity 
of  the  bacillus  in  wound  infections  show  us  that  these  are  rare  avenues.  The 
bacilli  operate  locally,  and  even  when,  by  accident,  admitted  to  the  circula- 
tion, do  not  remain  in  the  circulating  blood,  but  lodge  in  the  capillary  vessels. 
They  almost  never  pass  through  the  placenta  to  infect  the  unborn  offspring. 

The  principal  routes  of  infection  are,  therefore,  the  respiratory  and  diges- 
tive apparatus,  with  the  balance  greatly  in  favor  of  the  former,  as  it  seems 
evident  that  in  the  natural  order  of  things  bacilli  suspended  in  the  atmos- 
phere should  more  readily  enter  the  lungs  than  the  alimentary  canal.  How- 
ever, bacilli  inhaled  may,  by  falling  upon  the  pharyngeal  mucous  membrane^ 
be  swallowed.     The  lung  is  the  organ  most  commonly  infected  in  cases  of 
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human  and  bovine  tuberculosis,  which  adds  additional  confirmation  to  the 
suspicion  that  the  infection  results  directly  from  the  inhalation  of  the  bacilli, 
though  swallowed  bacilli  may  be  taken  up  through  the  lacteals,  thrown  into 
the  veins,  and  so  carried  to  the  lungs. 

In  experimental  tuberculosis  it  is  found  that  the  lung  is  not  usually  in- 
fected in  the  manner  suggested,  biit  that  the  tonsils,  the  intestine,  the  mesen- 
teric and  retroperitoneal  lymphatic  nodes,  the  liver,  and  the  spleen  show  the 
lesions.  This  seems  to  indicate  that  pulmonary  tuberculosis  more  likely 
depends  upon  inhalation  than  upon  ingestion  of  the  bacilli.  However,  the 
lesions  do  not  always  develop  first  in  those  organs  into  which  the  bacilli  are 
first  received.  From  both  intestine  and  lung  bacilli  may  be  absorbed  into 
the  circulating  blood  and  carried  to  remote  parts  of  the  body  ;  otherwise  it 
,  would  be  difficult  to  explain  the  not  infrequent  cases  of  primary  tuberculosis 
of  the  brain,  bones,  joints,  liver,  kidney,  etc. 

While,  therefore,  it  is  certainly  true  that  many  cases  of  tuberculous  infec- 
tion take  place  through  the  intestine,  and  appear  first  in  the  lung  and  in 
other  organs,  it  is  most  reasonable  to  believe  that  the  majority  of  pulmonary 
infections  are  direct. 

The  nature  of  the  constitutional  peculiarity  characterizing  predisposition 
is  unknown. 

Bacteriology. — ^The  disease  is  caused  by  the  tubercle  bacillus  of  Koch. 

Morpliology. — The  tubercle  bacillus  is  a  delicate  elongate  organism  measuring  1.5  to  3.5 
X  0.2  to  0.5  m,  having  rounded  ends,  usually  occurring  singly,  never  in  chains.  Small  groups 
of  them  commonly  have  a  parallel,  slightly  overlapping  arrangement  resulting  from  their  mode 
of  growth.  Branched  forms  are  not  infrequent.  The  cytoplasm  is  more  or  less  homogeneous 
in  young  organisms,  although  in  old  bacilli,  especially  such  as  are  observed  in  tuberculous 
sputum  and  pus,  it  is  fragmented  so  that  the  organisms  present  alternating  colored  and  color- 
less areas  which  give  them  a  beaded  appearance.  It  is  supposed  that  the  spaces  in  the  beaded 
bacilli  are  intei"vals  between  fractured  and  probably  degenerated  protoplasm.  Rarely  each  or 
many  of  the  bacilli  found  in  a  sample  of  sputum  contain  large  granules — chromatophilic 
granules — of  rounded  form,  and  of  a  diameter  greater  than  the  bacillus  itself.  The  signifi- 
cance of  these  is  unknown. 

The  organism  is  not  motile,  has  no  fiagella,  and  forms  no  spores. 

Staining. — The  bacillus  stains  'with  difficulty.  The  ordinary  aqiteous  solutions  used  for 
staining  bacteria  make  very  little  impression  upon  it,  and  to  color  it  satisfactorily  a  stain  con- 
taining a  mordant — Ziehl's  carbol-fuchsin,  Ehrlich's  anilin-water  gentian-violet,  etc. — is 
required.     It  stains  well  by  Gram's  method. 

The  tubercle  bacillus  is  one  of  a  group  of  organisms  called  "acid-proof,"  because  the 
substance  is  with  difficulty  penetrated  by  mineral  acids.  This  peculiarity,  discovered  by  Koch, 
is  made  the  foundation  of  the  differential  methods  of  staining.  Probably  the  most  generally 
useful  method  is  that  in  which  cover-glasses  spread  with  sputum,  or  sections  of  tissue,  are  first 
immersed  for  some  minutes  in  warm  carbol-fuchsin,  and  then  carefully  and  thoroughly  washed 
with  a  3  per  cent,  solution  of  hydrochloric  acid  in  70  per  cent,  alcohol. 

Cultivation.— The  cultivation  of  the  tubercle  bacillus  is  difficult.  The  organism  is  started 
with  difficulty,  and  will  grow  only  in  a  highly  concentrated  medium.  Koch  first  isolated  it 
upon  bovine  blood  serum.  Roux  and  others  found  glycerin-agar  easier  to  handle  and  quite 
as  useful.  Theobald  Smith  found  dog's  blood  serum  to  be  the  best  medium.  From  the  lesions 
selected  as  most  appropriate  for  the  purpose  a  small  fragment  is  removed  with  sterile  mstru- 
ments  under  conditions  of  absolute  asepsis,  and  laid  upon  the  surface  of  coagulated  dog's 
serum  in  a  test-tube.  After  some  days'  sojourn  in  the  incubating  oven  at  37°  C.  this  bit  of 
tissue,  in  which  the  bacilli  have  been  growing  in  the  mean  time,  is  spread  over  the  surface  of 
the  serum,  and  the  bacilli  thus  distributed  again  kept  at  37°  C.  for  growth.  If  thus  success- 
fully isolated,  the  bacilli  can  usually  be  subsequently  grown  upon  blood  serum,  glycerm-agar, 
glycerin  bouillon,  and  glycerinized  potatoes. 

The  growth  of  the  bacillus  takes  place  only  in  the  presence  of  uncombined  oxygen. 

The  general  appearance  of  the  growth  is  the  same  whatever  the  medium  upon  which  it 
grows.  It  forms  a  grayish-vellow  or  cream-colored,  moderately  dry,  dull,  wrinkled,  spreading 
mass,  which  heaps  up  in  the  central  older  parts  of  the  culture  and  thins  at  the  edges.  The 
appearance  is  usually  sufficiently  characteristic  to  enable  a  diagnosis  to  be  made  of  the  culture 
by  simple  inspection,  though  the  cultures  vary,  some  lacking  the  dull,  wrinkled  appearance. 

Chemistry.— Cultures  of  the  tubercle  bacillus  give  off  a  peculiar  heavy,  sweet  odor.  The 
reaction  of  the  culture  medium  is  not  changed.  No  change  visible  to  the  naked  eye  is  pro- 
duced in  any  of  the  media  upon  which  the  bacillus  has  grown.  No  enzymes  are  produced; 
gelatin  is  not  liquefied  nor  milk  coagulated. 

From  the  cultures,  by  extraction,  condensation,  and  filtration,  a  peculiar  substance  known 
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as  tuberculin  is  secured.     It  is  not  the  active  toxic  principle,  although  it  causes  a  febrile  reac- 
tion when  injected  into  tuberculous  animals,  and  can  be  used  as  a  diagnostic  agent 

The  composition  of  the  tubercle  bacillus  has  been  carefully  studied  by  de  fachweinitz, 
Levene,  and  otliere.  Its  irritative  property  seems  to  reside,  at  least  in  part,  in  an  irritating  fatty 
substance  which  it  contains.  It  is  probably  either  this  same  fatty  substance  or  a  peculiar  waxy 
substance  also  present  that  prevents  the  decolorizing  action  of  the  mineral  acids  applied  to 
stained  preparations.  ,  .  .  , 

Pathogenesis.— All  cultures  of  the  tubercle  bacillus  are  not  pathogenic,  nor  is  any  cul- 
ture pathogenic  for  all  animals.  This  difference  has  led  to  the  creation  of  special  varieties 
of  the  tubercle  bacillus,  the  important  ones  being  the  human,  bovine,  and  aman.  Whether  these 
have  originally  been  identical,  or  may  even  yet  be  identical,  is  not  decided.  It  seems  as  if  the 
evidence  of  any  other  difference  existing  than  can  be  explained  by  the  different  conditions 
under  which  the  organism  grows  in  different  animals  is  very  slight. 

Lesions.— The  lesions  produced  bv  the  tubercle  bacillus  vary  according  to  the  number  of 
bacilli  introduced  into  the  animal,  the  mode  of  introduction,  and  the  variety  and  susceptibility 
of  the  animal.  ...  ■         r 

Koch  found  that  when  large  numbers  of  bacilli,  such  as  are  contained  m  a  suspension  ol 
an  agar  culture,  were  introduced  subcutaneously  into  the  abdominal  wall  of  a  guinea-pig,  an 
abscess  shortly  formed  at  the  seat  of  inoculation  and  many  of  the  bacilli  were  discharged  with  the 
pus.  Dead  tubercle  bacilli  have  the  same  chemotactic  power  as  the  living  organisms,  and  may 
also  cause  suppuration.  When  the  number  of  bacilli  is  insufficient  to  provoke  suppuration, 
they  are  taken  up  by  the  lymphatics  and  conveyed  to  the  neighboring  nodes,  where  the  first 
signs  of  the  disease  appear.  The  number  of  infecting  organisms  probably  has  much  to  do 
with  tuberculous  infection,  as  an  animal  vrith  an  average  vital  resistance  may  be  able  to  antago- 
nize a  number  of  organisms  that  could  reach  it  under  natural  conditions,  although  it  would  be 
found  to  succumb  should  the  number  be  increased  beyond  the  limit. 

The  mode  of  introduction  means  much  in  tuberculosis.  Tubercle  bacilli  introduced  into 
abrasions  and  fissures  of  the  skin,  or  admitted  through  punctured  wounds,  usually  succeed  in 
but  limited  invasions  and  provoke  the  purely  local  affection  known  as  lupus  vulgaris.  When 
the  bacilli  fall  upon  the  mucous  membranes  of  the  mouth  and  nose,  it  seems  that,  especially  in 
childhood,  the  tendency  is  for  them  to  be  carried  to  the  lymphatic  tissues  so  that  from  the  ton- 
sils they  reach  the  cervical  glands,  which  become  infected,  and  the  disease  makes  slow  progress 
from  gland  to  gland  along  the  cervical  to  the  supraclavicular,  then  to  the  infraclavicular,  then 
to  the  bronchial  glands,  and  so  ultimately  reach  the  lung  if  its  course  is  not  checked. 
Infection  through  the  intestine,  probably  because  of  the  existence  of  some  peculiarity  of  the 
lymphoid  tissues  in  youth,  takes  place  chiefly  in  childhood,  the  bacilli  being  transported  to  the 
mesenteric  and  retroperitoneal  lymphatic  glaiijJs. 

■  Pulmonary  infection  may  affect  the  lung  directly,  or  the  bacilli  may  find  their  way  to  the 
bronchial  lymphatic  glands  in  which  they  first  develop,  subsequently  infecting  the  lung,  either 
by  continuity  of  tissue  or  by  rupturing  into  some  branch  of  the  pulmonary  circulation  in  which 
they  are  distributed  to  the  lung. 

Pelvic  infection  through  the  genital  organs  is  usually  advanced  at  the  primary  seat  of  dis- 
ease before  it  makes  inroads  upon  the  pelvic  and  retroperitoneal  glands. 

Animals  vary  considerably  in  susceptibility.  Rodents  seem  to  be  the  most  susceptible 
animals.  Herbivorous  animals  are  much  more  susceptible  than  carnivorous  animals.  Wild 
animals  in  confinement  are  more  susceptible  than  wild  animals  at  large. 

Concerning  the  individual  susceptibility  among  certain  species  of  animals,  our  knowledge 
is  defective.  We  look  upon  it  as  "  some  physical  weakness,"  "  a  general  run  down  of  vitality," 
etc.,  but  the  nature  of  it  is  entirely  obscure. 

It  seems  probable  that  in  many  cases  the  accidents  of  infection  have  as  much  to  do  with  the 
course  of  the  disease  as  any  peculiarities  of  the  individual.  Thus,  should  the  infecting  organ- 
ism be  exceptionally  virulent,  the  result  of  its  entrance  into  a  tissue  will  be  different  from  the 
result  produced  by  an  organism  of  very  mild  virulence.  Should  a  number  of  organisms  enter 
together  or  in  rapid  succession,  their  combined  effects,  especially  if  scattered,  might  be  more 
difficult  to  overcome  that  the  effects  of  a  single  bacillus. 

Should  the  bacilli  fall  at  once  upon  some  tissue  whose  vascularity,  richness  in  lymphatics, 
free  supply  of  oxygen,  and  general  looseness  of  texture  all  favored  growth  and  distribution, 
the  effects  could  not  fail  to  be  very  different  from  those  produced  by  the  same  organism  in  a 
dense,  badly  nourished  tissue  with  few  lymphatics. 

Too  much  attention  cannot  be  paid  to  these  accidental  conditions  when  considering  vital 
resistance,  and  a  person  in  the  greatest  physical  vigor  might  succumb  in  consequence  of  them, 
when  another  in  very  poor  condition  might  succeed  in  withstanding  an  entirely  different  form 
of  infection. 

The  invasion  of  the  body  by  tuberculosis  is  accomplished — (i)  By  con- 
tinuity of  tissue  ;  (2)  by  lymphogenic  metastasis ;  (3)  by  hematogenic 
metastasis  ;  (4)  by  aerogenic  metastasis  ;   (5)  by  direct  implantation. 

I.  Continuity  of  tissue  favors  the  spread  of  tuberculosis  from  the  primary 
nidus  of  infection.  The  conditions  favorable  to  it  are  looseness  and  mois- 
ture, which  enable  the  bacilli  to.  grow  unrestrainedly,     It  is  by  continuous 
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growth  that  tubercles  increase  in  size,  and  that  outlying  or  daughter  tuber- 
cles are  formed.  Contiguity  of  tissues  and  organs  also  favors  the  spread  of 
the  disease,  although  the  preliminary  steps  really  transform  the  tissues  in 
such  a  manner  as  to  make  the  real  process  one  of  continuity.  Thus,  a 
tuberculous  lesion  of  the  lung,  by  establishing  a  chronic  inflammatory  reac- 
tion, causes  the  adhesion  of  the  lung  to  the  chest  and  thus  favors  the  exten- 
sion of  the  tuberculous  process  to  the  parietal  pleura. 

2.  Lymphogenic  metastasis  is  almost  invariable  in  tuberculosis.  Exactly 
by  what  mechanism  the  bacilli  pass  from  the  primitive  lesion  to  the  lymphatic 
nodes  is  not  known.  From  the  study  of  microscopic  sections  it  seems  prob- 
able that  it  is  largely  a  matter  of  transportation  by  phagocytes,  although 
direct  transportation  of  free  bacilli  may  occur. 

3.  Hematogenic  Metastasis. — This  may  be  the  means  of  primary  infection 
if  we  admit  the  possibility  of  tubercle  bacilli  ingested  with  the  food  being 
absorbed  by  the  lacteals,  conveyed  through  the  thoracic  duct  to  the  venous 
system,  and  so  thrown  into  the  pulmonary  and  systemic  circulations. 

There  is,  however,  a  far  more  frequent  means  of  hematogenic  infection 
than  this — that  is,  the  inclusion  of  a  vein  in  a  tuberculous  lesion,  the  erosion 
of  its  wall,  and  the  entrance  of  bacilli  directly  into  the  blood-stream.  This 
is  known  to  take  place  in  tuberculosis  of  the  bronchial  lymphatic  nodes,  in 
disease  of  other  lymphatic  nodes,  and  in  pulmonary  lesions.  A  uniform  dis- 
tribution of  tubercles  throughout  both  lungs  indicates  pollution  of  the  pulmo- 
nary circulation  by  micro-organismal  emboli  which  fail  to  pass  through  and 
enter  the  systemic  circulation.  It  is,  however,  probably  rare  that  the  miliary 
tuberculosis  is  confined  to  the  lungs,  the  tubercles  in  the  remote  organs  simply 
being  fewer  and  smaller,  and  hence  less  obvious  than  the  pulmonary  tubercles. 
When  large  numbers  of  tubercle  bacilli  succeed  in  entering  the  circulation 
and  many  fail  to  be  impeded  in  their  passage  through  the  lungs,  general 
miliary  tuberculosis  occurs. 

4.  Aerogenic  metastasis  takes  place  only  in  pulmonary  tuberculosis.  It  is 
easily  understood  that  when  a  tuberculous  lesion  exists  in  a  lung  and,  by  necro- 
sis and  softening,  effects  a  communication  with  a  bronchial  tube,  the  entrance 
and  exit  of  the  air  carry  the  infectious  contents  of  the  tube  first  in  one  and 
then  in  the  other  direction,  until  it  is  distributed  not  only  along  the  primarily 
invaded  tube,  but  into  many  of  its  smaller  branches,  and  into  the  larger  tubes 
and  trachea.  The  entrance  of  this  infectious  material  into  new  tissue  areas 
may  cause  tuberculous,  lobular,  or  bronchopneumonia,  both  in  the  primarily 
affected  lung  and  in  its  fellow. 

5.  Implantation  tuberculosis  occurs  from  infectious  material  in  transit 
through  the  trachea,  larynx,  pharynx,  and  mouth,  and  sometimes  through 
the  esophagus,  stomach,  and  intestines,  in  any  or  all  of  which  organs  bacilli 
may  lodge. 

Varieties  of  Tuberculosis. — Single  tuberculous  masses  of  the  brain 
are  Called  tyroma.  Clusters  of  tuberculous  nodules,  such  as  occur  upon  the 
pleura  of  cattle,  are  called  "  pearl  disease." 

The  primitive  lesions  of  tuberculosis  are  called  miliary  tubercles.  A 
wide-spread  distribution  of  such  lesions  is  known  as  miliary  tuberculosis ,  a 
universal  distribution,  as  general  miliary  tuberculosis. 

The  common  form  of  the  disease  characterized  by  marked  caseation  is 
known  as  caseous  tuberculosis  ;  the  chronic  form,  with  connective-tissue  indu- 
ration, as  caseofibroid  tuberculosis  ;  the  extremely  chronic  form,  with  marked 
cicatricial  formation  and  induration,  &%  fibroid  phthisis  or  tuberculosis,  and 
the  rapid  tuberculous  pneumonia,  as  caseous  pneumonia. 

Morbid  Anatomy. — The  characteristic  lesion  of  tuberculosis  is  the 
tubercle — the  miliary  tubercle  of  Laennec.     It  is  a  minute  inflammatory  and 
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degenerative  nodule  which  forms  about  the  tubercle  bacillus.  The  disease 
always  begins  with  the  formation  of  a  miliary  tubercle,  whatever  may  be  its 
future  course. 

As  soon  as  the  miliary  tubercle  attains  a  size  permitting  its  recognition  by 
the  naked  eye,  it  appears  as  a  minute,  grayish,  translucent  point.  As  time 
passes  it  increases  in  size  by  eccentric  growth  and  the  formation  of  outlying 
daughter  tubercles  until  it  reaches  that  of  a  pin-head  or  small  pea.  This 
is  then  called  the  "crude  tubercle"  of  Laennec.  The  tubercle  continues 
gray  so  long  as  it  remains  cellular  in  composition,  but  in  most  cases  co- 
agulation necrosis  takes  place  at  the  center  and  causes  it  to  become  yellow- 
ish. The  growth  continues  at  the  periphery  while  degenerating  in  the 
center,  so  that  the  lesions,  if  few  in  number  or  single,  may  attain  a  large 
size.  It  is  not  unusual  to  find  single  tuberculous  masses,  as  large  as  pigeons' 
or  even  hens'  eggs,  in  the  brain,  liver,  spleen,  and  other  organs.  They 
always  begin  aS  miliary  tubercles,  but  increase  by  the  continuous  formation 
of  daughter  tubercles  at  the  periphery.  These  large  tuberculous  masses  may 
have  solid  grayish  substance,  or  if  the  degeneration  has  been  more  rapid, 
creamy  yellowish  contents. 

They  are  rarely  circumscribed  by  any  definite  boundary,  but  tend  to  infil- 
trate by  the  formation  of  outlying  tubercles  formed  in  the  immediately  sur- 
rounding tissue,  showing  invasion  by  continuity  of  tissue.  When  the  num- 
ber of  tubercles  is  great,  they  do  not  become  large,  possibly  because  the 
function  of  the  organ  is  suspended  before  time  enough  has  elapsed.  The 
patient  dies,  possibly  because  enough  bacterial  or  metabolic  poison  is  pro- 
duced to  kill  him  before  extended  growth  is  possible.  It  is  in  the  lung 
that  the  most  numerous  and  largest  lesions  are  observed. 

There  is  no  essential  difference  between  tubercles  in  different  organs  or 
tissues,  other  than  can  be  accounted  for  by  the  peculiarities  of  the  tissue. 

The  lesions  sometimes  depart  from  the  usual  type,  as  when  suppuration  is 
produced  by  the  injection  of  large  numbers  of  bacilli,  and  under  less  well- 
understood  conditions  in  the  pleura,  pericardium,  etc.,  where  considerable 
purulent  collections  occur  in  which  tubercle  bacilli  are  more  often  absent 
than  present,  yet  in  which  no  other  cause  for  the  suppuration  can  be  found. 
Rapid  inflammatory  infiltration  and  edema  may  occur  in  Vapidly  spreading 
pulmonary  tuberculosis,  with  lesions  much  like  those  of  croupous  pneumonia, 
or  scattered  consolidated  patches  of  bronchopneumonia  may  be  observed.  At 
times  these  diffuse  infiltrations  degenerate  about  as  rapidly  as  they  are  formed, 
and  a  cheesy  pneumonic  condition  is  formed. 

In  tuberculosis  of  the  bones  and  joints  the  amount  of  actual  tubercle 
formation  is  greatly  outweighed  by  the  extensive  puriform  accumulations — 
cold  abscesses — that  make  their  appearance. 

In  cases  of  slow  course  and  prolonged  duration  a  fibroid  change  takes 
place.  This  is  seen  in  the  lymphatic  tuberculosis  common  in  cattle  and 
occasionally  seen  in  man,  in  which  the  affected  nodes  are  transformed  into 
enormous  fibroid  masses  much  more  closely  resembling  a  fibroma  or  a  cicatrix 
than  a  tubercle. 

Some  forms  of  the  disease  are  almost  purely  cellular,  and  although  of  slow 
growth,  lead  to  the  formation  of  translucent  nodules  upon  the  serous  mem- 
branes, which,  because  of  their  appearance,  have  been  described  as  "pearl 
disease.'''  This  form  of  tuberculosis  is.  common  in  cattle,  but  may  also 
occur  in  man.  The  lesions,  which  are  more  frequent  upon  the  pleura  than 
upon  other  serous  membranes,  form  clusters  of  rounded,  grayish-pink,  trans- 
lucent, soft,  polypoid  excrescences,  some  of  which  may  be  as  large'  as  a  hen's 
egg,  although  rarely  larger  than  currants  or  grapes. 

Old  tuberculous  lesions  that  have  ceased  to  grow  appear  completely  cir- 
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cumscribed  by  dense  encapsulated  connective  tissue,  and  show  disorganiza- 
tion of  the  internal  structure,  either  by  complete  caseation  or  by  calcification 
with  the  transformation  of  the  caseated  mass  into  a  chalky  deposit.  Large 
and  small  nodules  of  this  kind  are  quite  commonly  found  in  the  lungs  of 
persons  who  have  died  from  other  causes,  and  can  usually  be  regarded  as 
evidences  of  "  healed  tuberculosis."  They  appear  as  distinct  puckers  upon 
the  pleura,  when  near  the  surface.  Sometimes  they  occur  in  the  deeper 
structure  of  the  lung.  In  nearly  all  cases  of  this  kind  the  number  of  calcified 
lesions  is  small,  the  size  smaller  than  a  pigeon's  egg  and  rarely  larger  than  a 
pea. 

Pathologic  Histology. — The  tubercle  bacillus  having  become  lodged 
in  a  nidus  appropriate  for  its.  growth,  progressively  increases  in  numbers 
and  hence  in  its  irritative  and  poisonous  powers.  The  classic  experi- 
ments of  Baumgarten  upon  tuberculosis  of  the  iris  in  rabbits  led  him  to 
believe  that  the  first  changes  produced  by  the  bacillus  were  to  be  found  in 
the  fixed  connective-tissue  cells  of  the  part,  which  increase  in  number  and 
thus  form  the  primitive  tubercle.  No  doubt  almost  immediately  following 
this  effect  upon  the  connective-tissue  cells  the  chemotactic  influence  of  the 
bacillus  is  felt,  and  the  cellular  collection  receives  additional  cells  from  the 
blood  vessels.  According  as  the  local  irritative  influence  or  chemotactic 
influence  predominates,  the  tubercle  will  be  lymphoid — that  is,  will  consist 
of  lymphoid  cells,  mostly  leukocytes — or  epithelioid — that  is,  consist  chiefly 
of  epithelioid  cells. 

A  primitive  tubercle,  therefore,  consists  of  cells  derived  partly  from  the 
connective  tissues  and  partly  from  the  blood  vessels.  The  tubercle  bacilli  are 
continually  multiplying  and  the  number  of  cells  in  the  tubercle  continually 
increasing. 

The  cells  of  the  tubercle  require  nutriment,  but  in  the  tuberculous  in- 
flammation no  new  blood  vessels  form  and  hence  no  increase  of  nutri- 
ment is  provided.  Not  only  are  no  new  blood  vessels  formed  in  the  tuber- 
culous tissue,  but  the  capillary  blood  vessels  of  the  part  in  which  it  forms  are 
destroyed  as  it  advances.  Tubercles  are,  therefore,  continually  avascular,  so 
that  before  they  attain  any  considerable  size  the  older  parts — that  is,  those 
first  formed  and  centrally  situated — show  signs  of  degeneration  and  disin- 
tegration (coagulation  necrosis).  While  the  peripheral  part  of  the  tubercle 
is  growing,  the  central  part  is  degenerating.  In  addition  to  the  avascularity 
by  which  the  death  of  the  central  portion  of  the  tubercle  is  brought  about, 
the  tubercle  toxin  is  no  doubt  responsible  for  some  of  the  local  damage. 
Chemic  analyses  have  shown  that  the  bodies  of  the  tubercle  bacilli  contain 
an  extremely  irritating  substance  allied  to  the  fatty  acids.  Dead  tubercle 
bacilli  as  well  as  living  organisms  contain  this  irritating  substance  in  their 
bodies,  and  when  disseminated  through  the  circulation,  are  capable  of  pro- 
ducing minute  tubercles. 

Histologically  each  tubercle  may  be  divided  into  three  zones :  a  central 
zone,  which  usually  consists  of  a  mass  of  coagulation  necrotic,  disintegrating 
material,  composed  of  destroyed  cells  and  dead  bacilli ;  a  median  zone, 
consisting  of  epithelioid  cells,  and  usually  containing  one  or  more  giant- 
cells,  and  a  peripheral  zone,  in  which  occasional  epithelioid  cells  are  mingled 
with  a  considerable  number  of  round-cells  of  hematogenous  and  connective- 
tissue  origin. 

These  three  zones  really  represent  three  different  developmental  stages  : 
The  outer  zone,  the  earliest  stage,  where  a  mingled  multiplication  of  connec- 
tive-tissue ceils  and  round-cell  infiltration  can  be  observed  ;  the  median  zone, 
a  later  stage,  in  which  attempted  organization  and  recovery  of  the  inflamma- 
tion have  gone  on  far  enough  to  form  epithelioid  cells,  which  sometimes 
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undergo  a  monstrous  development  with  the  formation  of  characteristic  giant- 
cells,  and  the  central  zone,  the  oldest  part,  in  which  the  vitality  of  the  tissue 
has  been  destroyed  and  the  cells  have  died. 

It  is  impossible  to  determine  exactly  the  origin  of  the  giant-cell.  By 
some  it  is  looked  upon  as  an  overgrowth  of  the  epithelioid  cells,  multiplica- 
tion of  whose  nuclei  takes  place  more  rapidly  than  that  of  the  protoplasm. 
My  own  impression  has  always  been  that  the  giant-cells  are  formed  by  the 
coalescence  of  partly  degenerated  epithelioid  cells,  and  is,  therefore,  a  retro- 
gressive formation. 

The  histology  of  the  tubercle  varies  considerably  according  to  the  rapidity 
of  its  growth  and  the  resisting  power  of  the  individual.  Thus,  if  the 
patient  be  highly  susceptible  and  the  disease  progress  rapidly,  the  probabili- 
ties are  that  the  lesion  will  partake  largely  of  the  nature  of  the  small  round- 


FlO.  209.— A  miliary  tubercle  of  the  lung,  consisting  of  two,  probably  three,  submiliary 
tubercles.  The  coagulation  necrosis  of  the  center  and  the  giant-cell  formation  are  well 
shown   (X  70). 

cell  infiltration,  with  rapid  coagulation  necrosis.  If,  on  the  other  hand,  the 
patient  be  ordinarily  resistant,  the  appearances  will  be  those  above  described, 
and  in  case  the  vital  resistance  of  the  individual  is  marked,  the  tendency 
will  be  for  repair  to  progress  more  rapidly  than  destruction,  so  that  a  con- 
siderable number  of  the  epithelioid  cells  will  be  transformed  into  connective- 
tissue  fibers.  These  variations  in  the  resistance  of  the  individual  and  the 
consequent  differences  in  the  histology  of  the  lesion  have  caused  the  tuber- 
cles to  be  divided  microscopically  into  the  lymphoid,  epithelioid,  and  reticu- 
lated. 

Some  pathologists  have  regarded  these  different  forms  of  the  tubercle  as 
having  a  different  etiology,  and  Gibbs  at  one  time  contended  that  the 
tubercle  bacillus,  while  the  cause  of  the  cellular  or  lymphoid  tubercle,  was 
continually  absent  from  the  reticulated  tubercle.  Reticulated  tubercles'  are, 
however,  nothing  more  than  those  in  which  the  preexistent  fibers  of  the 


THE   SPECIFIC  GRANULOMATA.  337 

tissues  have  not  been  destroyed,  or  in  which  the  formation  of  new  fibers  has 
taken  place  from  epithelioid  cells  and  fibroblasts.  Why  the  fibers  in  tuber- 
cles sometimes  have  a  radiated  appearance  is  not  understood.  It  may  in 
some  cases  depend  upon  contraction  caused  by  the  reagents  in  which  the 
tissue  is  hardened  for  microscopic  study.  But  this  will  not  explain  all  cases, 
for  not  only  is  the  radiation  observed  in  the  fibers  of  the  connective  tissues, 
but  also  sometimes  in  the  epithelioid  cells  surrounding  the  areas  of  necrosis 
which  have  their  long  axes  in  the  lines  of  the  radiation,  so  as  to  appear,  as 
some  one  has  said,  "  like  an  army  with  bayonets  "  opposing  the  advance  of 
the  caseation  into  the  surrounding  tissue. 

Sometimes  the  contrast  between  the  anuclear  caseous  central  zone  and 
this  line  of  surrounding  epithelioid  cells  is  so  marked  that  the  appearance 
is  described  as  like  a  "  raked  field.'''  The  caseated  areas  may  show  anu- 
clear homogeneous  masses,  corresponding  in  size  and  shape  to  cells  that 
belonged  to  the  preexistent  tissue  in  which  the  tubercle  developed.  When 
the  caseation  advances  further,  these  cell-bodies  become  broken  up  into 
hyaline  fragments  of  irregular  shape.  And  still  later  the  cheesy  material 
becomes  slightly  granular,  yellowish  or  almost  colorless,  and  no  details  can 
be  made  out. 

The  coagulation  necrosis  seems  to  attack  first  the  cells  belonging  to.  the 
tissue ;  next,  the  leukocytes ;  and  lastly,  the  epithelioid  cells. 

The  giant-cells  may  occur  in  the  center  of  the  small  tubercle,  and  thus 
represent  the  earliest  transformation  of  epithelioid  cells,  into  what  is  later  to 
form  the  cheesy  center.  Usually  they  are  found  in  the  intermediate  zone. 
They  may  be  very  large,  a  single  giant-cell  sometimes  seeming  to  make  up 
the  entire  tubercle,  or  they  may  be  smaller  and  numerous.  At  one  time  the 
giant-cell  was  thought  to  be  characteristic  of  tubercle,  but  it  has  long  since 
been  shown  that  giant-cells  occur  in  other  specific  granulomata  and  in  simple 
inflammation,  and  are  common  in  sarcoma.  The  form  most  common  in 
tubercle,  and  in  fact  seldom  met  elsewhere,  is  that  first  pointed  out  by 
Langhans  as  "  Riesenzellen  mit  wandstandigen  Kernen."  In  this  form  a 
large  spheric  cell  presents  a  necrotic  center,  and  has  its  nuclei,  of  which 
several  hundred  may  be  present,  arranged  like  a  wreath  about  the  periphery. 
When,  because  of  pressure,  the  giant-cells  are  elongated,  the  nuclei  may  be 
clustered  at  the  poles  or  form  an  equatorial  belt.  The  most  probable  expla- 
nation why'  the  nuclei  assume  these  particular  positions  in  the  cells  is  that,  as 
degeneration  begins  in  the  central  part  of  their  protoplasm,  the  nuclei  move 
away  and  occupy  the  still  well-nourished  area. 

The  tubercle  bacilli  usually  have  a  definite  distribution  in  the  tubercle.  The 
original  tubercle  formed  about  the  originally  present  tubercle  bacilli,  but  as 
the  tubercle  grows,  the  bacilli  increase  in  number  and  distribute  themselves 
over  a  greater  surface,  the  older  bacilli  near  the  center  dying.  As  the  tubercle 
continues  to  increase  in  size  and  degenerate  in  the  center,  the  older  bacilli 
occupying  the  central  area  probably  die  and  disintegrate,  while  their  progeny 
occupy  the  new  and  developing  portions  of  the  lesion.  It  is  because  of  this 
multiplication  of  the  bacilli  that  the  disease  continues  to  invade  fresh  areas, 
and  no  other  explanation  need  be  given  than  this  relationship  of  bacilli  to 
lesion  to  make  clear  why  tuberculosis  should  be  a  continually  progressing 
and  disintegrating  disease. 

■^tuberculosis  is  not  limited  to  the  primary  seat,  but  is  prone  to  metastasis 
by  the  transplantation  of  the  bacilli  from  the  primary  to  the  secondary  areas. 
This  takes  place  in  part  through  the  activity  of  phagocytic  cells,  which  take 
bacilli  into  their  cytoplasm  for  the  purpose,  of  destroying  them,  and  carry 
them  through  the  tissue  to  slightly  removed  positions,  or  continue  with  them 
as  far  as  neighboring  lymphatic  glands,  or  even  to  the  systemic  circulation. 
22 
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The  bacilli  may  also  be  swept  away  from  the  tubercle  by  currents  of  lymph. 
In  whichever  way  metastatic  distribution  occurs,  it  always  results  in  the  inva- 
sion of  some  new  part  of  the  body  in  which  the  bacilli  lodge  and  reproduce 
the  changes  already  described. 

The  majority  of  the  bacilli  are  not  transported  any  considerable  distance,  so 
that  new  tubercles  are  usually  formed  adjacent  to  the  older  ones :  so  close,  in 
fact,  that  it  not  infrequently  happens  that  their  subsequent  increase  in  size 
causes  them  to  coalesce  and  form  a  single  large  tuberculous  mass.  Such  a 
mass  is  said  to  consist  of  submiliary  tubercles.  The  large  masses  undergo  the 
cheesy  change,  soften,  and  evacuate,  forming  cavities  or  ulcers  when  contigu- 
ous to  a  surface  from  which  the  products  of  degeneration  can  be  discharged. 

It  rarely  happens  that  tuberculosis  occurs  in  any  part  of  the  body  without 
metastatic  invasion  of  the  lymphatic  glands.  Thus,  in  tuberculosis  of  the 
lung  the  bronchial  lymphatic  glands  are  usually  infected,  and  in  intestinal 
tuberculosis  the  mesenteric  and  retroperitoneal  glands  are  affected.  In  the 
secondary  lesions  and  lymphatic  glands  the  disease  may  progress  more  rapidly 
than  in  the  primary  seat  of  disease.  Such  lymphatic  lesions,  when  situated 
where  invasion  and  erosion  of  blood  vessels  are  possible,  may  discharge  their 
contents  into  the  veins,  thus  liberating  numbers  of  bacilli  into  the  systemic  . 
circulation. 

Recovery  of  Tuberculosis,— Tuberculosis  probably  recovers  much 
more  frequently  than  is  usually  supposed,  but  not  without  leaving  visible 
changes  in  the  tissues.  Postmortem  examinations  show  recovery  in  about  20 
per  cent,  of  cases  of  tuberculosis,  though  such  cases  are  seldom  known  to  have 
been  tuberculous  during  life.  How  complete  the  recovery  is  must  always  re- 
main a  question,  for  it  occurs  by  exclusion  of  the  tuberculous  process  rather  than 
by  its  eradication.  The  disease  recovers  because  the  vital  resistance  of  the 
patient  enables  the  process  of  repair  to  outweigh  that  of  destruction.  The 
tubercle  bacilli  thus  become  encapsulated  in  a  mass  of  growing  connective 
tissue  which  surrounds  the  tubercle  and  prevents  its  advance.  This  can 
happen  only,  however,  when  the  susceptibility  of  the  individual  becomes 
changed,  and  it  must  not  be  misunderstood  that  the  cessation  of  the  growth 
of.  the  tubercle  depends  upon  the  connective-tissue  formation.  It  is  only 
when  the  resistance  of  the  individual  is  so  increased  as  to  make  it  possible  for 
the  tubercle  bacilli  to  be  successfully  combated  that  the  encapsulating  process 
can  occur. 

The  connective  tissue  formed  about  the  recovering  tubercle  hastens  the 
absorption  of  its  disintegrated  elements  by  contracting  upon  the  diseased 
tissue.  Wheu  absorption  is  impossible,  calcareous  infiltration  is  likely  to 
take  place,  and  the  once  cheesy  area  becomes  transformed  into  a  chalky  mass. 

The  fate  of  the  tubercle  bacilli  in  these  areas  is  of  interest.  They  pre- 
sumably remain  vital  but  a  short  time,  as,  so  far  as  is  known,  they  have  no 
spores  or  permanent  forms.  It  seems,  however,  that  within  circumscribed 
and  encapsulated  areas  in  which  no  known  tuberculous  process  has  gone  on 
for  years,  a  sudden  outburst  of  bacillary  invasion  may  follow  an  injury  or 
inflammation,  so  that  from  an  old  Pott's  disease  or  from  a  calcified  area  in 
the  lung  a  sudden  and  fatal  tuberculous  disease  may  originate. 

Physiology. — That  tuberculosis  is  associated  with  marked  constitutional 
involvement  is  evident  in  nearly  all  cases.  Exactlv  what  the  source  of  dam- 
age is  has  not  been  determined,  as  no  important  toxic  substance  has  yet 
been  extracted  from  the  tubercle  bacillus.  In  all  cases  of  wide-spread  tuber- 
culosis, however,  whether  of  the  lungs,  the  bones,  the  lymphatic  glands,  or 
other  organs,  fever,  cachexia,  anemia,  and  amyloid  and  fatty  degenerations 
may  be  expected. 

Symptoms. — Fever. — The  fever  of  pure  tubercular  infection  is  usually 


THE  SPECIFIC   GRANULOMATA. 


339 


moderate  in  severity, — 101^-102°  F., — with  nocturnal  exacerbations.  It  is 
irregular,  persisting  for  a  time,  disappearing  more  or  less  completely  for  a 
time,  and  then  reappearing. 

When  hectic  fever  or  hyperpyrexia  accompany  tuberculosis,  accidental 
complicating  or  secondary  infections  may  be  expected. 

This  fever  sometimes  makes  its  appearance  in  an  intermittent  form,  with 
regular  fluctuations  simulating  malaria,  the  pyrexial  periods  being  accom- 
panied or  succeeded  by  sweats.  Sweating — especially  nocturnal  sweating — is 
very  common  in  tuberculosis. 

Cachexia  develops  in  chronic  tuberculosis.  The  patient  emaciates,  the 
skin  becomes  pale  and  white,  the  fingers  enlarge  at  the  tips,  and  the  nails 
curve  over  them  (drum-stick  fingers).  As  the  disease  progresses  the  ema- 
ciation may  become  extreme. 

The  anemia,  which  is  probably  the  cause  of  the  cachexia,  is  a  secondary 
or  symptomatic  anemia,  with  diminution  in  the  number  of  erythrocytes  and 
percentage  of  hemoglobin.  In  uncomplicated  cases  there  are  no  positive 
changes  in  the  leukocytes  by  which  the  disease  can  be  diagnosticated.  Some 
writers  lay  stress  upon  variations  in  the  percentage  of  lymphocytes,  but  they 
are  not  characteristic.  Cases  complicated  by  secondary  infections  with  pyo- 
genic organisms  usually  show  some  leukocytosis. 

The  anemia  is  progressive  and  increases  up  to  the  time  of  death.  It 
probably  never  is  dangerous  in  itself. 

Fatty  infiltration  of  the  liver  is  frequently  seen  in  fatal  cases,  the  infiltra- 
tion depending  upon  nutritional  disturbances.  The  liver  is  very  large,  pale 
in  color,  firm  in  texture,  and  beautifully  "nutmeg"  ill  appearance.  It  is 
usually  anemic. 

Amyloid  disease  is  not  uncommon  in  advanced  tuberculosis  both  of  the 
lungs  and  of  the  bones  and  joints.  All  grades  of  it  are  seen,  from  changes 
so  slight  as  to  be  detected  only  by  the  microscope,  to  complete  involvement 
of  the  principal  organs. 

LEPROSY. 

Leprosy  is  a  specific,  infectious,  doubtfully  contagious,  inflammatory  dis- 
ease, caused  by  the  Bacillus  lepra,  and  characterized  by  nodular  lesions'  of 
the  skin,  subcutaneous  tissues,  nerves,  and  occasionally  of  the  internal 
organs.  The  disease  has  been  recognized'  for  many  centuries,  having  been 
known  in  the  time  of  Moses,  who  introduced  into  the  laws  of  the  people  of 
Israel  specific  directions  for  its  recognition  and  for  the  isolation  of  the  suf- 
ferers. In  early  times,  however,  numerous  other  skin  affections  were  con- 
founded with  it. 

It  is  a  rather  frequent  disease  in  warm  countries.  In  China  and  India  it  is 
common  along  the  coast,  and  it  is  frequently  seen  in  Syria  and  along  the 
north  coast  of  Africa.  In  Europe  it  occurs  with  some  rarity  along  the 
Mediterranean  coast  and  along  the  Atlantic  coast  of  Scandinavia.  Occasional 
cases  occur  in  North  America,  usually  along  the  Gulf  coast  of  the  United 
States,  in  Acadia,  New  Brunswick,  and  Mexico.  Many  of  the  cases  are  im- 
ported from  China  and  South  America.  On  the  Pacific  coast  it  occurs 
chiefly  among  the  Chinese  emigrants.  About  two  hundred  years  ago  it  was 
imported  into  the  Sandwich  Islands,  where  it  has  become  a  veritable  scourge. 

Etiology. — Lepra  is  caused  by  the  Bacillus  leprse  of  Hansen,  which  is  found  in  immense 
numbers  in  the  nodular  lesions  and  in  the  nasal  discharges. 

The  lepra  bacillus  closely  resembles  the  tubercle  bacillus  in  morphology,  being  about  the 
same  size  and  shape.  It  also  stains  like  the  tubercle  bacillus,  resisting  ordinary  staining  solu- 
tions, but  staining  deeply  with  solutions  containing  a  mordant,  and  subsequently,  resisting  the 
action  of  mineral  acids.  The  successful  cultivation  of  the  bacillus  has  been  claimed  by  a 
number  of  investigators,  though  it  is  not  recognized  as  possible.     It  is  pathogenic  only  for 


340  INFECTION  AND    THE  INFECTIOUS  DISEASES. 

man,  inoculation  experiments  upon  the  lower  animals  having  uniformly  failed.    At  least  one 
successful  inoculation  has  been  made  upon  a  man— a  condemned  cnmmal  m  the  Sandwich 

In  their  grouping  in  the  tissues  the  lepra  bacilli  differ  from  the  tubercle  bacilli,  not  being 
sparingly  distributed  throughout  the  diseased  tissue,  but  being  present  in  immense  numbers, 
especially  in  the  interior  of  certain  large  cells  known  as  the  "  lepra  cells."  In  the  nodular  form 
the  bacilli  occur  in  large  numbers  in  the  lymph-spaces  and  in  the  lepra  cells;  in  the  anesthetic 
form,  in  the  sheaths  of  the  nerves.  .     i    r    vi 

The  disease  spreads  slowly  because  of  the  purely  parasitic  nature  and  comparatively  teeble 
resisting  powers  of  the  bacillus,  yet  free  association  with  lepers  has  been  followed  by  mfection 
in  several  of  those  whose  philanthropic  labors  have  been  among  them,  notably  m  the  case  of 
Father  Damien,  who  was  their  missionary  for  many  years  in  the  Sandwich  Islands. 


Fig.  210. — Case  of  nodular  leprosy  (from  a  patient  of  Dr.  John  V.  Shoemaker's  in  the  Medico- 
Chirurgical  College,  Philadelphia).     The  leonine  expression  is  well  shown. 

Infection  may  occur — (i)  By  direct  inoculation,  either  experimentally, 
as  in  the  case  of  the  criminal  above  referred  to,  or  accidentally  by  fingers 
and  other  objects  soiled  with  the  discharges  from  the  nose  and  ulcers. 
(2)  It  may  also  occur  by  intimate  personal  relations,  through  kissing  and 
sexual  intercourse.  (3)  It  may  occur  through  fomites.  Some  have  attrib- 
uted the  inoculation  to  the  bites  of  insects,  but  proof  of  this  is  still  lacking. 

The  appearance  of  the  disease  after  inoculation  is  slow,  the  period  of 
incubation  sometimes  extending  over  some  months  and  the  disease  lasting 
for  many  years.  Most  cases  continue  for  from  five  to  twenty  years  before 
succumbing  to  intercurrent  affections,  the  most  frequent  of  which  is  tuber- 
culosis. In  uncomplicated  cases  death  occurs  from  exhaustion.  It  is  said 
that  occasional  cases  recover. 
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Leprosy  is  not  limited  to  any  age.  It  is  not  known  to  be  hereditary,  but 
children  and  adults,  young  and  old,  suffer  from  it.  It  is  chiefly  a  disease  of 
the  lower  classes,  among  whom  ignorance  and  carelessness  regarding  prophy- 
lactic measures  prevail.  It  seems  to  attack  the  lower  races  more  quickly  than 
the  Caucasians,  but  this  may  depend  upon  the  habits  and  conditions  of  life 
rather  than  upon  any  racial  predisposition.  In  Hawaii,  where  it  is  so  excep- 
tionally prevalent  and  severe,  it  is  apparently  true  that  certain  peculiar  cus- 
toms of  the  people  have  favored  its  spread  sufficiently  to  explain  its  frequency 
without  making  necessary  any  reference  to  the  climate  or  peculiarity  of  the 
native  constitution. 

Two  chief  forms  of  the  disease  are  described — lepra  nodosa,  or  elephan- 
tiasis grxecorum,  and  lepra  anssthetica.  These  may  occur  independently 
of  each  other  or  in  combination. 

Lepra  Nodosa. — This  form  is  characterized  by  the  development  of  nodules 
in  the  skin  and  subcutaneous  tissue  of  the  face,  usually  beginning  about  the 
angles  of  the  nose,  and  extending  to  the  nose,  lips,  and  forehead,  and  later 
appearing  on  the  exterior  surfaces  of  the  arms  and  legs  and  upon  the  fingers 
and  toes.  The  nodules  vary  in  size,  frequently  ulcerate,  and  slowly  cicatrize, 
with  the  formation  of  scar  tissue,  which  distorts  the  countenance  by  the 
formation  of  seams  and  ridges  corresponding  to  areas  of  ulceration,  which 
make  more  conspicuous  the  projecting  nodes.  The  entire  face  and  ears  may 
become  affected,  likewise  the  trunk  and  extremities,  and  occasionally  the 
lepra  nodes  are  found  in  the  internal  organs.  The  lesions  of  the  internal 
organs  associated  with  leprosy  are,  however,  frequently  tuberculous,  as  tuber- 
culosis is  common  as  a  secondary  infection  in  leprosy. 

The  lepra  bacilli  seem  to  gain  entrance  into  the  tissues  through  minute 
lacerations,  no  doubt  very  often  being  carried  in  by  the  finger-nail  when 
scratching.  This  will  probably  explain  the  frequency  of  the  occurrence  of 
the  disease  about  the  nares,  while  its  frequency  about  the  mouth  may  depend 
upon  the  use  of  a  pipe  in  common  with  others  or  by  infected  drinking- 
vessels. 

Morbid  Anatomy. — To  the  naked  eye,  the  lepra  nodules  present  upon 
section  a  grayish  or  yellowish,  semitransparent,  uniform  appearance,  similar 
to  other  inflammatory  formations.  The  loose  subcutaneous  areolar  tissue  is 
most  apt  to  be  affected.  Microscopically  the  nodules  consist  of  several  im- 
portant elements.  There  are,  first  of  all,  large  numbers  of  small,  often  vacuo- 
lated, epithelioid  cells.  These  not  infrequently  contain  bacilli,  and  are  some- 
times found  in  the  lymphatic  spaces  from  the  endothelium  of  which  they  may 
be  derived. 

There  are  also  large  cells,  known  as  lepra  cells,  which  sometimes  contain 
many  nuclei,  and  numbers  of  vacuoles,  some  small  and  some  large,  and  usually 
large  numbers  of  the  lepra  bacilli.  The  lepra  cells  may  also  be  found  within 
the  lymphatics.  According  to  Metschnikoff,  they  are  large  mononuclear 
leukocytes  that  have  taken  up  the  bacilli. 

Clumps  of  free  bacilli  can  be  found  in  the  lymphatics  and  among  the  cells 
of  the  tissue.  The  fibroconnective  tissue  about  the  lesions  is  increased. 
From  this  description  it  will  be  observed  that  the  lesions  of  leprosy  lack  the 
definiteness  of  tuberculosis,  more  closely  resembling  ordinary  inflammations. 
The  lesions  of  the  internal  organs  consist  entirely  of  fibrous  patches.  Chronic 
interstitial  inflammations  of  all  the  organs  are  common.  Nodes  also  occur  in 
the  lung,  liver,  spleen,  and  kidney,  although  the  tendency  is  to  regard  the 
lesions  of  the  internal  organs  as,  for  the  most  part,  tuberculous. 

The  lesions  of  lepra  nodosa,  while  nodular,  are  less  well  defined  than  those 
of  tuberculosis,  and  are  always  much  better  vascularized  and  hence  less  apt  to 
undergo  coagulation  necrosis.     There  is  no  caseation  of  the  lepra  nodes  and 
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the  ulcerations  depend  as  much  upon  traumatic  injuries  and  secondary  infec- 
tions as  upon  retrogressive  changes. 

The  first  appearance  of  the  nodes  is  frequently  preceded  by  the  occurrence 
of  hyperemic  spots,  which  disappear,  leaving  behind  them  pigmented  areas, 
which  begin  to  enlarge  until  a  walnut-sized  node  may  be  formed.  As  has 
already  been  said,  the  nodes  may  remain  isolated  or  may  become  confluent. 

The  enlargements  consist  of  granulation  tissue,  which  extend  to  the  epi- 
derm  above,  and  deeply  into  the  subcutaneous  areolar  and  adipose  tissues 
below.  This  tissue  is  quite  prominent  about  the  hair-follicles.  The  tissue 
between  the  bands  of  cicatricial  tissue  and  cellular  nodes  is  apt  to  atrophy ; 
especially  are  the  hair-follicles  liable  to  be  lost ;  on  the  other  hand,  it  may 


y',".]. 


,-.  .  ^'°-  2"-— Section  of  one  of  the  nodules  from  the  patient  shown  in  Fig.  210,  stained  by  the 
Weigert-Gram  method  to  show  the  lepra  bacilli  scattered  through  the  tissue  and  inclosed  in 
the  large  vacuolated  "  lepra-cells  "  (X  1000). 

be  unaltered  except  by  the  existing  hyperemia.  The  lepra  nodes  sometimes 
organize,  sometimes  soften  and  form  ulcers,  the  ulceration  usually  taking  place 
in  consequence  of  external  injury. 

Not  only  is  the  skin  affected,  but  also  the  mucous  membrane  of  the  eye, 
nose,  mouth,  larynx,  and  intestine,  sometimes  with  the  formation  of  circum- 
scribed nodes,  sometimes  with  the  formation  of  diffuse  cellular  infiltration. 

The  appendages  of  the  skin  are  involved,  and  the  infection  of  the  hair- 
follicles  causes  the  hairs  to  become  unusually  coarse  in  texture,  white  in  color 
and  few  in  number.  In  anesthetic  leprosy  the  trophic  distributions  may  also 
cause  the  occurrence  of  a  leprous  vitiligo. 

In  both  forms  of  leprosy  the  lymphatic  glands  are  swollen,  dense  in 
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Structure,  and  of  yellowish-white  color.  The  lymphatic  glands  of  the  first 
affected  parts  are  first  observed  to  enlarge,  but  the  enlargement  is  not  limited 
to  those  in  the  leprous  areas,  extending  later  to  such  internal  glands  as  those 
of  the  mesentery.  Many  of  the  glandular  enlargements  may  depend  upon 
associated  tuberculosis. 

Lepra  Anaesthetica. — This  form  of  the  disease  is  characterized  by  the 
growth  of  the  bacilli  in  the  sheaths  of  the  nerves  and  the  formation  of  cylin- 
dric  or  fusiform  swellings,  especially  upon  the  ulnar  and  popliteal  nerves. 
The  result  is  neuritis,  followed  by  the  occurrence  of  hyperemic  patches,  which 
are  sometimes  swollen,  in  the  areas  of  distribution  of  the  affected  nerves. 
These  may  be  painful  at  first,  but  subsequently  become  anesthetic.  Together 
with  the  anesthesia,  paralysis  of  motion  not  infrequently  occurs,  followed 
by  atrophy  of  the  palsied  muscles.  The  skin  of  the  anesthetic  •  patch  is 
often  the  seat  of  a  peculiar  eruption,  known  as  pemphigus  leprosiis.  The 
bullae  which  form  may  be  dry,  leaving  pale  anesthetic  patches,  or  they  may 
be  followed  by  ulcers.  Sooner  or  later  these  ulcerations,  aided  by  accidental 
infections  resulting  from  traumatism  of  the  insensitive  parts,  are  followed  by 
loss  of  some  of  the  phalanges  of  the  fingers  and  toes,  and  deformity  of  the 
remaining  portion  of  the  member,  by  cicatrization. 

Either  form  of  the  disease  may  be  primary,  or  the  two  may  occur  simul- 
taneously, or  either  form  may  be  succeeded  by  the  other.  They  are  not 
different  diseases,  but  different  manifestations  of  the  same  disease — the  one 
subcutaneous,  the  other  nervous.  The  duration  of  the  anesthetic  form  is 
said  to  be  greater  than  that  of  the  tubercular,  and  its  recovery  more  ready, 
though  serious  deformities  remain. 

GLANDERS. 

Glanders  (Equinia  ;  Farcy  ;  Morve  ;  Farcin  ;  Rotz).— Glanders 
is  an  acute  or  chronic,  specific,  infectious,  eruptive  disease  of  horses  and 
asses,  occasionally  seen  -in  man  and  other  animals  as  a  result  of  accidental 
infection.  It  occurs  among  men  whose  occupations  bring  them  into  intimate 
association  with  horses,  as  hostlers,  soldiers,  etc. 

Etiology. — Glanders  is  caused  by  Bacillus  mallei  or  the  glanders  bacillus,  discovered  by 
Loffler  and  Schutz.  There  is  no  doubt  of  the  specificity  of  the  bacillus,  as  it  fulfils  all  Koch's 
laws.  Infection  takes  place  from  contact  with  diseased  animals,  the  bacilli  entering  through 
minute  abrasions,  etc.,  of  the  skin  or  mucous  membranes. 

Morphology. — The  bacillus  is  somewhat  shorter  and  distinctly  thicker  than  the  tubercle 
bacillus.  The  ends  are  rounded;  the  bacilli  may  be  joined  in  pairs,  although  usually  single. 
Their  substance  sometimes  shows  irregularities  which  may  be  vacuoles  caused  by  involution 
changes.  The  organism  is  not  motile  and  has  no  flagella.  It  forms  no  spores.  It  stains  well 
with  aqueous  aniline  dyes,  but  not  by  Gram's  method.  It  is  difficult  to  stain  in  tissue,  as  it 
readily  decolorizes. 

Cultivation. — The  artificial  cultivation  of  the  bacillus  is  very  simple,  as  it  grows  readily  in 
nearly  all  the  culture  media,  at  temperatures  ranging  from  25°  to  42°  C.  It  is,  however,  a  slow 
grower.  The  best  method  of  isolation  from  suspected  purulent  matter  is  that  of  Strauss,  who 
recommends  that  the  suspected  matter  be  introduced  into  the  abdominal  cavity  of  a  male  guinea- 
pig.  In  three  or  four  days  the  disease  becomes  established  and  enlargement  of  the  testicles  is 
observed.  A  few  days  later,  if  the  animal  be  killed,  abscesses  are  found  in  the  testicles,  from 
the  pus  of  which  pure  cultures  of  the  bacillus  can  be  secured.  The  guinea-pigs,  if  not  liilled, 
die  spontaneously  in  about  two  weeks,  with  wide-spread  pyemia  and  suppurating  joints. 

Gelatin  is  not  an  appropriate  culture  medium,  as  the  temperature  at  which  the  growth  takes 
place  is  high  enough  to  liquefy  it.     The  glanders  bacillus  does  npt  liquefy  gelatin. 

Upon  agar  and  glycerine-agar  the  colonies  which  form  are  discrete  or  confluent,  moist, 
shining,  somewhat  viscid,  circumscribed,  and  grayish.  In  tube  cultures  upon  glycerin-agar  a 
thick,  luxuriant,  homogeneous,  grayish,  shiny  mass  without  any  marked  differential  character- 
istics forms.  The  growth  upon  blood  serum  is  similar  and  lacks  peculiarities.  In  bouillon  the 
'  growth  clouds  the  medium  for  a  time,  a  pellicle  forming  upon  the  surface,  and  a  sediment  col- 
lecting at  the  bottom  of  the  vessel.     In  milk,  acidity  accompanied  by  firm  coagulation  occurs. 

The  classic  characteristic  of  the  glatiders  bacillus  is  the  peculiar  appearance  of  the  growth 
upon  potato,  which  resembles  a  drop  of  honey,  and  is  accompanied  by  a  greenish-brown  dis- 
coloration of  the  potato  itself  for  a  considerable  distance  about  it. 
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The  virulence  of  the  bacillus  slowly  wanes  if  kept  long  upon  artificial  media.  Its  resisting- 
powers  are  slight.  It  is  not  killed  by  thorough  drying,  but  is  destroyed  by  five  minutes'  expo- 
sure to  55°  C.  By  I  :  5000  bichlorid  of  mercury  solution  it  is  killed  in  two  minutes,  and  by 
I  :  20  carbolic  acid  solution  in  five  minutes. 

Pathogenesis. — The  organism  is  most  pathogenic  for  field-mice ;  next  most  virulent  for 
guinea-pigs.     It  also  infects  man,  horses,  asses,  sheep,  pups,  and  other  animals. 

In  field-mice  the  disease  at  once  assumes  the  form  of  a  rapidly  fatal  septicemia  and  kills  the 
animal  in  a  couple  of  days.  In  guinea-pigs  it  is  less  rapid  and  is  characterized  by  extensive 
local  necrotic  and  suppurative  lesions  with  pyemia.     It  is  usually  fatal  in  about  two  weeks. 

In  horses,  asses,  and  mules  the  disease  runs  either  an  acute  or  a  chronic  course,  the  lesions 
of  which  will  be  described  below.  In  man  it  is  usually  an  acute  febrile  affection  which  may 
simulate  typhoid  fever  until  the  lesions  of  the  skin  and  mucous  membranes  present  themselves ; 
sometimes  it  is  chronic  and  lasts  for  months. 


Morbid  Anatomy. — In  spontaneous  glanders  of  horses  the  ordinary  point 
of  inoculation  is  the  Schneiderian  membrane  of  the  nose,  in  which  small 
cellular  nodules  the  size  of  millet-seeds  and  peas  are  formed.  These  grad- 
ually increase  in  size   for  a  considerable  time,  then  soften  and  ulcerate, 

leaving  ragged  ulcers  with. 
yellowish,  elevated,  infil- 
trated borders,  which 
slowly  increase  in  size, 
and  not  infrequently  unite 
with  neighboring  ulcers  by 
the  erosion  of  the  tissue 
between.  The  ulcers  dis- 
charge a  slightly  blood- 
stained pus,  which  contains 
bacilli.  They  may  heal 
with  the  formation  of  stel- 
late scars.  The  lymph- 
glands  of  the  neck  invari- 
ably enlarge  and  inflame. 
Pyemic  abscesses  of  the 
skin  and  of  the  subcuta- 
neous and  intermuscular 
tissues  are  very  common ; 
suppuration  of  the  joints 
may  occur.  Abscesses  of 
the  internal  organs  are  not 
infrequent.  The  respiratory 
and  pulmonary  mucous  membranes  are  more  or  less  affected  by  the  inspiration 
of  infectious  material.  The  fever  becomes  high  as  the  disease  advances, 
symptoms  of  prostration  appearing  early.  Death  occurs  with  all  the  signs  of 
septic  poisoning. 

Glanders  of  the  lung  in  its  macroscopic  appearance  mav  resemble  tuber- 
culosis, occurring  in  the  form  of  scattered  inflammatory  foci— «.  e.,  broncho- 
pneumonic  patches.  Interstitial  inflammations  of  the  lung  also  occur,  but 
the  bronchopneumonic  form  seems  to  be  the  most  frequent,  and  probably 
results  from  the  direct  inhalation  of  the  bacilli  into  the  air-cells. 

The  bronchopneumonic  patches  are  originally  of  a  reddish  color,  but 
become  pale  in  the  center,  and  take  on  a  more  or  less  distinctly  yellow  color 
as  the  cellular  nodules  soften  and  suppurate.  The  surroundings  of  the  patch 
are  frequently  grayish-white,  and  have  somewhat  the  appearance  of  bacon. 
This  transformation  depends  upon  fatty  degeneration  of  the  central  portion  ^ 
of  the  exudate  and  reactive  inflammation  about  the  periphery  of  the  node. 
As  the  destruction  progresses,  larger  or  smaller  necrotic  areas  with  foul  puru- 
lent contents  may  be  formed ;  or  the  contents  may  be  absorbed,  and  second- 


FlG.  212. — Bacillus  mallei,  from  a  culture  upon  glycerin- 
agar  (X  1000)  (Frankel  and  Pfeiffer). 
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ary  contraction  of  the  newly  formed  connective  tissue  take  place,  so  that  the 
lobule  becomes  transformed  into  a  small  fibroid  mass.  The  interstitial  form 
of  pulmonary  disease  probably  results,  as  in  tuberculosis,  from  the  dissemina- 
tion of  the  bacilli  by  the  lymphatics. 

Pathologic  Histology. — Histologically,  the  glanders  nodules  consist  of  a 
dense  accumulation  of  small  round-cells,  with  numerous  epithelioid  cells  at 
the  periphery.  Giant-cells,  such  as  are  seen  in  tuberculosis,  do  not  .occur. 
In  certain  cases,  known  as  farcy,  the  disease  affects  the  skin,  beginning  with 
the  formation  of  small  miliary  nodules  the  size  of  peas  or  hazel-nuts  in  the 
papillary  layer  of  the  skin.  These  nodules  are  known  as  '^ farcy  buds,''  and 
are  characterized  by  a  marked  tendency  to  rapid  central  necrosis,  suppuration, 
and  the  formation  of  deep  ulcers.  Glanders  of  an  internal  organ  is  usually 
embolic  in  character,  and  characterized  by  the  formation  of  nodules  about 
the  size  of  a  pea,  consisting  chiefly  of  lymphoid  cells,  with  occasionally 
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Fig.  213. — Glanders  lesion  :  a,a,  Seminiferous  tubule  ;  b,  c  c  tubules  tilled  with  leukocytes  \ 
d,  d,  mass  of  leukocytes  in  the  tissue  (x  100)  (Ziegler) 


epithelioid  cells  at  the  periphery.  In  the  course  of  time  they  may  be  trans- 
formed into  shrunken  fibroid  or  calcareous  masses.  Occasionally,  instead  of 
this  nodular  form,  the  disease  assumes  the  character  of  diffuse  cellular  infil- 
tration, with  final  suppuration  or  formation  of  cellular  granulation  tissue. 

The  disease  in  man  is  less  rare  than  is  usually  imagined.  The  infection 
may  take  place  through  the  conjunctiva,  the  nose,  and  wounds  of  the  skin, 
to  which  the  infectious  discharges  from  the  nose  of  a  horse  have  been  acci- 
dentally brought.  The  disease  as  seen  in  man  is  usually  an  acute  febrile 
affection,  suggestive  of  typhoid  fever  or  some  other  septic  process.  An 
eruption  of  pustules  usually  occurs  upon  the  skin,  which  subsequently  form 
persistently  enlarging  ulcers,  of  a  phagedenic  character,  with  a  dirty -grayish, 
pus-discharging  background.     It  is  usually  fatal. 

Lymphangitis  with  phlegmonous  infiltrations  of  the  intermuscular  tissues, 
lymphadenitis,  and  glanders  of  the  internal  organs  succeed  the  primary  super- 
ficial lesions. 
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Chronic  glanders  in  man  is  more  rare  and  is  characterized  by  slowly  ex- 
tending and  cicatrizing  ulcers.  In  about  50  per  cent,  of  the  cases  chronic 
glanders  recovers,  although  not  until  extensive  injury  has  been  done. 

Actinomycosis  (Lumpy  Jaw;  Big  Jaw^;  Swelled  Head; 
Wooden  Tongue  ;  Clyers  ;  Strahlenpilz- 
krankheit). — Actinomycosis  is  a  chronic,  conta- 
gious, inflammatory,  and  degenerative  disease  of 
cattle,  caused  by  the  Actinomyces  bovis,  dis- 
covered by  Bollinger  in  1877,  and  characterized 
by  nodes  of  granulation  tissue,  with  necrosis,  sinus 
formation,  and  new  fibroconnective-tissue  forma- 
tion, usually  affecting  the  jaws,  tongue,  and  internal 
organs. 

Actinomycosis  is  most  commonly  a  disease  of 
cattle,  especially  of  calves,  though  it  occasionally 
occurs  in  man. 

Etiology. — Actinomycosis  is  caused  by,  the  interesting  fun- 
gus known  as  the  Actinomyces  bovis.  It  is  of  sufficient  size  to 
be  observed  by  the  naljed  eye  in  the  pus  and  granulation-tissue 
nodes,  as  "  sulphur-grains  " — /.  e.,  sulphur-yellow  bodies  about 
the  size  of  a  pin-head.  Such  an  entire  fungous  mass  when  ex- 
amined microscopically  is  found  to  consist  of  several  zones 
embracing  entirely  different  elements.  At  the  center  is  a  mass 
of  granular  substance  containing  numerous  bodies  resembling 
chains  of  cocci  and  spores.  Extending  from  this  center  out- 
ward is  a  radiating  mass  of  branched,  thickly  tangled  mycelial 
threads  which  terminate  in  an  acute  zone  of  conspicuous  rays 
or  club-shaped  bodies,  large  and  radially  arranged,  forming 
the  most  conspicuous  part  of  the  fungus.  When  artificially 
cultivated,  fungi  are  crushed,  and,  examined  under  the  micro- 
scope, it  is  found, that  the  clubs  are  the  expanded  ends  of 
the  mycelial  threads.  What  the  function  or  purpose  of  the 
characteristic  clubs  can  be  is  not  settled.  Some  regard  them 
as  reproductive  organs,  some  as  involution  forms. 

The  fungus  is  not  motile.  Its  spores  are  unknown.  It 
stains  well  by  all  methods,  including  Gram's  method. 

Cultlvation.^^The  fungus  can  be  artificially  cultivated  out- 
side of  the  body,  and  grows  upon  a  variety  of  media  at  room- 
temperature  as  well  as  at  37°  C,  though  more  slowlv  at  lower 
temperatures.  It  grows  best  when  it  receives  a  plentiful  sup- 
ply of  oxygen. 

Upon  all  the  culture  media  the  organism  grows  with  the 
formation  of  rounded  bodies  suggesting  the  "grains"  or 
"  rays  "  found  in  the  lesions,  but  lacking  the  typical  clubs, 
and  showing  the  reset  form  less  well  in  consequence.  The 
rounded  masses  are  often  umbilicated,  may  have  a  yellowish 
color,  and  show  delicate  aerial  filaments  upon  the  surface ;  old 
growths  may  have  a  white  dust  upon  them.  The  colonies 
clmg  tenaciously  to  the  surface  of  the  media  upon  which  they 
grow.  When  planted  in  raw  eggs,  no  nodular  masses  occur, 
but  a  delicate,  frequently  branched,  filamentous  growth  de- 
velops. 

The  most  luxuriant  growth  takes  place  upon  blood  serum 
which  is  slowly  liquefied.  Gelatin  growths  are  peculiar  and 
arborescent ;  the  gelatin  is  liquefied. 

Upon  artificial  media  in  the  laboratory  the  organism  loses 
its  virulence. 

Pathogenesis.— Attempts  to  infect  the  laboratory  animals 
with  the  actinomyces  usually  fail.     The   introduced'parasites 

<»sed  ammals  and  m  our  cultures.      It  is  supposed  that  infectio-  Si„  pUce 


Fig.  214. — Actinomycosis  ; 
glycerin-agar  culture.  Lim- 
pet-shaped colonies  three  and 
a  half  months  old  (Curtis). 
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through  food,  because  it  so  regularly  occurs  first  in  and  about  the  mouth,  and, 
indeed,  one  case  has  been  traced  to  a  puncture  of  the  pharyngeal  wall  by  a 
barley  spikelet.  The  infection  seems  not  infrequently  to  occur  through  cari- 
ous teeth,  and  more  frequently  occurs  in  the  lower  than  in  the  upper  jaw.  Of 
73  cases  collected  by  Morsbruegger,  the  jaws,  mouth,  tongue,  throat,  or  esoph- 
agus was  involved  in  41  ;  the  respiratory  tract  in  14;  the  intestines  were  in- 
volved in  1 1,  and  the  point  of  infection  was  not  determined  in  the  remaining  7. 

Occurrence. — The  disease  occurs  in  cattle  and  in  man.  It  is  unknown 
among  carnivorous  animals.     It  may  occur  in  any  part  of  the  world. 

Morbid  Anatomy. — The  disease  is  characterized  by  the  formation  of 
granulation-tissue  nodes  and  abscesses,  in  the  center  of  which  the  ray-fungus 
is  usually  found.  In  the  majority  of  human  cases  toothache  was  first  com- 
plained of ;  subsequently  a  swelling  formed  at  the  root  of  the  tooth,  and 
subsequent  infection  of  the  jaw-bone  occurred.  The  disease  for  some  time 
remains  localized,  and  an  abscess  is  apt  to  form,  discharging  a  creamy-look- 
ing pus  containing  small  yellowish  granules.  When  allowed  to  go  on,  the 
bone  becomes  riddled  with  sinuses,  communicating  with  each  other  and  with 


Fig.  215.: — Actinomyces  granule  crushed  beneath  a  cover-glass,  showing  radial  striations 
in  the  hyaline  masses.     Preparation  not  stained  ;  low  magnifying  power  (Wright  and  Brown). 


the  exterior.  Israel  states  that  the  actinomycotic  tumors  are  apt  to  migrate, 
and  illustrates  with  a  tumor  which  occurred  on  the  alveolar  process  of  the 
jaw,  descending  later  to  the  submaxillary  region,  from  which  it  disappeared 
subsequently  to  form  a  large  swelling  below  the  hyoid  bone,  and  after  this 
had  been  opened  and  treated,  another  just  above  the  clavicle.  Human  beings 
sometimes  recover  if  treatment  is  prompt  and  radical,  but  not  infrequently 
the  disease  pursues  the  same  course  as  in  cattle. 

The  infection  of  the  respiratory  apparatus  produces  a  chronic  disease  of 
the  lungs,  with  purulent  bronchitis,  patches  of  peribronchitis,  and  broncho- 
pneumonia. The  lesions  are  yellowish  white  in  color  and  suppurate.  Hem- 
orrhages from  the  capillaries  are  frequent,  and  the  lung  becomes  riddled 
with  small  cavities  containing  pus,  fragments  of  degenerated  tissue,  and 
parasites,  as  well  as  granulation-tissue  nodes  of  grayish- yellow  color  which 
have  not  yet  softened. 

The  sputum  in  these  cases  is  mucopurulent  and  contains  the  fungi.  The 
lung  tissue  in  the  neighborhood  of  the  disease  is  consolidated,  infiltrated 
with  small  round-cells,  and  likely  to  be  deformed  by  cicatricial  bands.     Pleu- 
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risy  is  common  and  may  be  adhesive,  so  that  the  lung  is  bound  firmly  to  the 
chest-wall,  which  subsequently  becomes  invaded,  riddled  with  sinuses,  and 
permits  the  escape  of  the  purulent  contents  through  external  openings.  Or 
if  the  pleuritis  affects  the  diaphragmatic  surface  of  the  lungs,  the  diaphragm 
may  be  penetrated  and  the  disease  spread  to  the  liver,  peritoneum,  and 
abdominal  organs. 

Pathologic  Histology. — Microscopic  sections  of  tissues  from  actinomy- 
coses show  nodes  of  granulation  tissue,  healthy,  suppurating  or  cicatrizing. 


Fig.  2i6.— Section  of  liver  from  a  case  of  actinomycosis  in  man  (Crookshank). 


with  the  centrally  situated  characteristic  ray-fungi.  The  disease  is  commonly 
suppurative  in  character,  but  in  the  form  known  as  ''wooden  tonme"  the 
chief  characteristic  is  the  formation  of  embryonal  connective  tissue  by 
which  nodular  induration  takes  place.  Secondary  infections  soon  take  place 
in  the  lesions  and  greatly  accelerate  their  spread. 

From  the  jaw  and  the  tongue  the  disease  spreads  to  the  cervical  lym- 
phatic glands  and  thence  to  the  skin  of  the  neck  and  foreleg.  The  lymphatic 
glands  of  the  interior  of  the  neck  also  become  affected,  and  the  disease  later 
extends  to  the  mediastina  and  to  the  lungs.     From  the  lungs  it  may  invade 
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the  abdomen  through  the  diaphragm,  affecting  the  peritoneum  and  abdominal 
organs.  Death  may  occur  from  a  variety  of  causes — exhaustion,  pneumonia, 
peritonitis,  etc. 

In  a  case  of  primary  actinomycosis  of  the  intestine  seen  by  Chiari,  the 
formation  of  inflamed  plaques  with  a  whitish  mycelial  covering  took  place, 
while  a  case  observed  by  Zemaan  was  characterized  by  nodular  mucous  and 
submucous  formations  which  contained  the  specific  fungi  and  disintegrated  to 
form  ulcers.  The  intestinal  disease  spreads  to  the  peritoneum  and  other 
abdominal  viscera. 

Except  when  very  radical  excision  of  the  diseased  tissue  can  be  effected, 
the  disease  is  commonly  fatal. 

Mycetoma  (Madura  foot ;  pied  de  Madura ;  fungus  foot  of 
India)  is  a  chronic,  specific,  infectious,  inflammatory  affection  caused  by 
the  Actinomyces  madurae,  discovered  by 
Vincent  in  1894.  This  peculiar  disease 
of  the  feet  is  often  encountered  among  the 
agricultural  classes  of  the  Indian  provinces. 
When  first  investigated,  it  was  thought  to 
be  closely  related  to  actinomycosis,  be- 
cause of  the  presence  in  the  pus  dis- 
charged from  the  lesions  of  certain  pinkish 
or  blackish  bodies  of  minute  size  and 
rounded  form,  similar  to  the  actinomyces 
fungus.  When  subjected  to  careful  inves- 
tigation by  Vincent,  it  was  shown,  how- 
ever, to  be  a  somewhat  different  affection, 
caused  by  a  fungus  now  known  as  the 
Actinomyces  madurs.  The  disease  is 
known  to  have  a  wider  distribution  than 
was  originally  supposed,  isolated  cases  be- 
ing seen  elsewhere  than  in  tropical  India, 
one  or  two  having  been  observed  in  North 
America.  It  is  also  known  not  to  be  ex- 
clusively a  disease  of  the  foot,  as  was  at 
first  supposed,  but  to  affect  other  portions 
of  the  body,  as  the  leg,  the  hand,  the  arm, 
the  shoulder,  and  the  hip.  As  usually 
seen,  it  begins  in  one  of  the  fleshy  pads 
of  the  great  toe.  The  patients  commonly 
attribute  the  onset  of  the  disease  to  the 
prick  of  a  thorn,  and  if  this  theory  be  cor- 
rect, it  is  small  wonder  that  the  disease  is 

more  common  in  the  foot  than  elsewhere,  as  the  native  population  of  India 
go  barefoot  in  a  country  abounding  in  thorns. 

For  several  weeks  following  the  injury  no  symptoms  are  observed ;  then 
the  affected  pad  begins  to  swell,  forming  a  nodular  enlargement  which  even- 
tually becomes  the  size  of  a  marble.  The  suprajacent  skin  becomes  purplish 
in  color,  thickened,  indurated,  and  adherent.  For  a  long  time  the  progress 
of  the  disease  is  slow ;  months  pass  without  much  perceptible  change. 
Secondary  nodes  in  other  parts  of  the  foot  may  gradually  develop ;  after  a 
year  or  two  the  nodes  soften,  suppurate,  and  discharge  a  thin  pus,  in  which 
are  found  the  small  spheric  bodies  already  described.  The  bodies  are  usually 
pinkish  in  color  and  are  compared  to  "  salmon  roe  "  in  appearance.  Some- 
times they  are  black  and  are  said  to  resemble  grains  of  gunpowder.  Two 
forms — ih^  pale  and  the  vielanoid — are,  therefore,  described.     As  the  disease 


Fig.  217. — Actinomyces  madurae 
in  a  section  of  diseased  tissue  (Vin- 
cent).' 
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progresses  and  other  nodes  soften,  additional  external  openings  are  formed, 
between  which  internal  communicating  sinuses  form.  As  time  passes  the 
formation  of  nodes  continues,  until  the  foot  is  distorted  into  an  almost  shape- 
less mass  of  enormous  size  (the  foot  is  said  to  resemble  a  ham),  full  of  suppu- 
rating sinuses,  the  skin  upon  the  surface  having  a  rather  velvety  appearance. 
Curiously  enough,  the  disease  is  painless,  so  that  the  afflicted  individual  con- 
tinues to  walk  about  on  the  grotesquely  deformed  extremity.  Death  may 
ultimately  result  from  asthenia,  but  only  in  rare  instances. 

Bacteriology. — The  organism  which  Vincent  succeeded  in  isolating  is  a  form  of  actino- 
myces.  The  "grains"  found  in  the  pus  and  the  clumps  which  form  in  artificial  media  con- 
sist of  masses  of  tangled  branched  filaments.  The  clubs  which  characterize  Actinomyces 
bovis  are  absent.     Spores  occur  in  many  of  the  tlireads. 

The  organism  stains  well  by  ordinary  staining  solutions  and  by  Gram's  method. 

Cultivation. — It  can  be  cultivated  artificially,  Vincent  finding  that  acid  vegetable  infusions 
were  particularly  well  adapted  to  the  purpose.  It  grows  in  the  usual  laboratory  media.  In 
bouillon,  both  at  20°  and  at  37°  C,  in  four  or  five  days,  minute  spheric  colonies,  which  in  about 
three  weeks  become  as  large  as  a  pea,  make  their  appearance.  The  colonies  usually  cling  to 
the  glass,  and  those  which  develop  at  the  surface  of  the  fluid  present  a  rose  color. 

Cultures  in  gelatin  are  not  luxuriant,  are  colorless,  and  cause  no  liquefaction. 

Upon  agar,  strikingly  beautiful,  rounded,  glazed  colonies  form,  at  first  colorless,  but  later 
rose-colored  or  bright  red.  Most  of  them  remain  isolated,  attaining  the  size  of  a  small  pea. 
They  are  usually  umbilicated,  like  a  small-pox  pustule,  and  present  a  peculiar  appearance  when 
the  center  is  pale  and  the  periphery  red.  As  the  colony  ages,  the  reddish  color  disappears  and 
it  becomes  dull  white.  The  colonies  adhere  closely  to  the  medium  upon  which  they  grow,  and 
are  of  almost  cartilaginous  consistence.  The  organism  grows  in  milk,  but  causes  no  coagula- 
tion. Upon  potato  the  growth  is  meager  and  the  red  color  faint,  although  more  marked  if  the 
reaction  of  the  potato  be  acid. 

Pathogenesis. — Vincent  was  unable  to  reproduce  the  disease  by  the  introduction  of  the 
fungus  into  the  lower  animals. 

Wright  found  that  the  melanoid  form  depended  upon  a  higher  fungus  belonging  to  the 
moulds. 

Morbid  Anatomy. — The  healthy  tissue  is  said  to  be  sharply  circumscribed, 
the  diseased  masses  appearing  as  large  degenerated  nodes  except  when  vascu- 
lar. In  these  nodes  the  characteristic  fungi  can  be  defined  by  proper  methods 
of  staining.  They  u^ally  occupy  a  central  position,  the  long  filaments,  which 
can  be  beautifully  stained  by  Gram's  method,  extending  among  the  round- 
cells  which  make  up  the  node.  Giant-cell  formation  is  unusual,  the  lesion 
consisting  almost  exclusively  of  a  round-cell  infiltration  which  generally 
undergoes  a  speedy  coagulation  necrosis.  Small  interstitial  and  external 
hemorrhages  are  very  common,  occurring  from  the  ulcers  and  sinuses  of  the 
diseased  tissue,  probably  from  the  abundant  newly  formed  blood  vessels. 

Farcin  du  boeuf,  or  cattle  farcy,  is  an  acute,  infectious,  contagious, 
inflammatory,  and  degenerative  disease  of  cattle,  chiefly  observed  in  Guade- 
loupe, caused  by  the  Actinomyces  farcinica,  and  characterized  by  lymphangi- 
tis, lymphadenitis,  and  pseudotuberculosis  of  the  internal  organs. 

Etiology. — The  disease  is  caused  by  the  Actinomyces  CNocardia)  farcinica,  a  micro-organism 
which  occurs  in  the  nodes  and  in  artificial  culture  media  in  the  form  of  long,  delicate,  branched 
threads  intricately  interwoven.  Spores  form  in  large  numbers  upon  the  surfaces  of  old 
cultures. 

The  organism  stains  well  by  the  usual  methods,  and  especially  well  by  Gram's  method. 

Cultivation.— The  organism  grows  well  in  artificial  media  if  permitted  free  access  of  oxygen 
It  grows  both  at  the  room-temperature  and  in  the  incubator  at  37°  C. 

In  bouillon  it  forms  colorless  masses,  irregular  in  size  and  shape,  some  of  which  float 
upon  the  surface,  others  sinking  to  the  bottom,  The  surface  may  be  covered  with  a  delicate 
scum. 

Upon  agar  the  growth  occurs  in  the  form  of  small,  discrete,  irregular,  rounded  opaque  dry 
masses  of  a  yellowish-white  color.  The  general  appearance  resembles  that  of  cultures  of  the 
tubercle  bacillus.  On  potato,  pale-yellow,  dryish  scales  rapidly  develop.  The  growth  upon 
blood  serum  resembles  that  upon  agar.     It  grows  in  milk  without  altering  the  reaction 

Pathogenesis.— Nocard  found  that  the  organism  retained  its  virulence  upon  artificial 
media  for  a  long  time,  even  after  it  had  been  kept  for  four  months  in  an  incubating  oven  at 
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The  organism  is  pathogenic  for  guinea-pigs,  cattle,  sheep,  dogs,  rabbits,  etc.  Horses  and 
asses  are  immune.     The  disease  is  not  Icnown  to  aiTect  man. 

Experimental  inoculation  into  guinea-pigs  is  followed  by  the  formation  of  a  voluminous 
abscess  at  the  seat  of  inoculation,  followed,  after  evacuation,  by  lymphangitis  and  lymphaden- 
itis, secondary  suppurations  with"  phlegmon  formation,  extreme  prostration  for  a  time,  but 
subsequent  recovery. 

Intraperitoneal  and  intravenous  inoculations  in  guinea-pigs  and  rabbits  are  followed  by  a 
form  of  the  disease  resembling  tuberculosis. 

Pathologic  Histology. — Microscopically,  the  disease  resembles  tubercu- 
losis ;  the  small  nodes  found  in  the  internal  organs  consisting  centrally  of  a 
mass  of  disintegrated,  degenerated  cellular  remnants,  in  which  are  massed 
the  tangled  threads.  Surrounding  this  is  a  zone  of  round-cell  infiltration, 
beyond  which  an  attempt  at  organization  can  be  observed. 

Morbid  Anatomy. — The  early  lesions  appear  in  the  skin,  chiefly  of  the 
neck,  with  the  formation  of  small  nodes  which  soon  soften  and  suppurate. 
The  lymphatic  vessels  and  cervical  glands  are 
soon  affected,  the  disease  spreading  to  the  ax- 
illary,   tracheal,   and    prescapular   glands,    and 
finally  to  the  lungs. 

The  affected  glands  first  enlarge,  from  the 
presence  of  the  nodes,  then  soften,  suppurate, 
and  evacuate. 

To  the  naked  eye  the  lesions  of  the  internal 
organs  closely  resemble  tubercles.  When  the 
cultures  are  injected  into  the  peritoneum,  it  is 
said  that  the  pseudotubercles  which  form  affect 
the  peritoneum  only,  and  not  the  organs  be- 
neath it. 

Rhinoscleroma  is  a  chronic,  infectious,  in- 
flammatory, and  productive  disease  of  the  skin 
and  mucous  membranes  of  the  nasal  passages, 
probably  caused  by  the  Bacillus  rhinoscleromatis, 
and  characterized  by  the  formation  of  small,  firm 
nodules.  The  disease  is  of  infrequent  occurrence. 
It  is  described  chiefly  by  German  authors,  and  is 
better  known  and  more  frequently  seen  on  the 
Continent  of  Europe  than  elsewhere.  It  usually 
begins  upon  the  face,  at  the  junction  of  the  nos- 
tril and  the  cheek,  or  upon  the  ala  nasi,  and  is 
characterized  by  the  formation  of  rather  small, 
hard  nodes,  which  project  from  the  surface  as 

hard,  smooth  papules.  These  develop  upon  the  nose,  both  externally  and 
internally,  and,  by  extending  through  the  anterior  nares,  the  disease  may 
reach  the  posterior  nares,  or  it  may  descend  upon  the  lip  and  then  extend 
to  the  mucous  membrane  of  the  mouth,  or  reach  the  hard  palate  by  exten- 
sion from  the  posterior  nares.  The  number  and  size  of  the  nodes  may  almost 
completely  occlude  the  nares.  From  the  nose  and  lip  the  disease  sometimes 
descends  upon  the  jaw.  It,  therefore,  causes  considerable  disfigurement  and 
no  little  inconvenience  to  the  patient.  The  lesions  are  never  associated  with 
ulceration,  but  consist  entirely  of  seraidiscrete  nodes,  composed  of  granula- 
tion tissue  whose  tendency  is  toward  organization  rather  than  necrosis.  Be- 
cause of  the  enlargement  and  disfigurement,  the  disease  is  described  as  "  Pfund- 
nase,"  or  pound  nose,  by  the  Germans. 

Etiology. — The  disease  is  so  constantly  associated  with  the  presence  of  Bacillus  rhinosclero- 
matis of  von  Frisch  that  it  is  now  accepted  as  its  cause. 

The  organism  is  a  short  rod  with  rounded  ends,  and  is  surrounded  by  a  distinct  capsule.  It 
closely  resembles  in  morphology  and  vegetation  upon  artificial  culture  media  Bacillus  pneumo- 


FlG.  218. — Streptothrix  of  far- 
cin du  bceuf  growing  on  glycerin- 
agar. 
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nise  of  Friedlander  (?.  v.),  the  points  of  difference  being  that  the  Bacillus  rhinpscleroraatis 
stains  by  Gram's  method,  and  does  not  lose  its  capsule  when  artificially  cultivated. 

The  pathogenesis  of  the  organism  is  about  the  same  as  that  of  Friedlander's  bacillus.  All 
experimental  inoculations  have  thus  far  failed  to  produce  anything  resembling  the  disease  in 
animals. 

Pathologic  Histology. — ^Histologically,  the  lesion  consists  of  a  dense,  cel- 
lular infiltration  of  the  corium  and  papillary  layer  of  the  skin.  From  these 
cells  new  connective  tissue  seems  to  be  formed,  so  that  organization  is  always 
a  part  of  the  process.  The  majority  of  the  cells  undergo  a  peculiar  hyaline 
degeneration.  The  cells  are  frequently  vacuolated.  The  nodes  are  quite 
rich  in  lymphatic  vessels.  The  bacilli  are  found  scattered  through  the  nodes, 
and  are  frequently  inclosed  in  the  cells,  which  then  nearly  always  show  the 
hyaline  degeneration. 

The  disease  is  occasionally  seen  in  the  throat,  the  gums,  the  larynx,  and 
rarely  in  the  trachea.  In  the  throat  and  respiratory  organs  it  sometimes 
forms  dense  cartilaginous  swellings,  sometimes  contracting  connective  tissue. 
When  incised,  the  infiltrated  tissue  appears  yellowish,  sometimes  showing  a 
grayish  or  gray-red  color. 

The  disease  does  not  destroy  life.     It  is  essentially  chronic  in  nature,  is 
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Fig.  219. — Granuloma  fungoides  of  thirteen  years'  duration  in  a  male  aged  forty-seven 

(Stelwagon). 


without  acute  inflammatory  symptoms,  is  not  destructive  in  the  sense  of 
ulcerating  or  eroding  the  tissue,  and  does  not  distribute  to  the  internal 
organs. 

Mycosis  fungoides,  or  granuloma  fungoides,  is  a.  peculiar,  prob- 
ably inflammatory,  disease  of  the  skin  and  mucous  membranes.  It  is  of  rare 
occurrence  and  unknown  etiology,  and  it  is  characterized  in  its  inception  by 
a  variety  of  mild  disorders  of  the  skin,  such  as  erythema,  urticaria,  eczema, 
etc. ,  followed  by  the  formation  of  a  node  in  the  subcutaneous  or  submucous 
tissue.  This  node  increases  in  size,  has  a  distinct  red  color,  is  rather  hard, 
and  may  be  painful.  As  the  lesion  advances  softening  usually  occurs,  fol- 
lowed by  extensive  ulceration,  by  which  a  subcutaneous  or  subepithelial  mass 
of  granulation  tissue,  dark  red  in  color  and  sensitive  to  the  touch,  is  brought 
to  view.  The  appearance  has  been  compared  to  a  tomato.  Usually  there  is 
no  attempt  at  healing,  but  the  lesion  progressively  increases  in  size,  the  super- 
ficial ulceration  continuously  discharging  pus  from  its  surface.  The  scalp, 
face,  and  upper  extremities  seem  to  be  most  frequently  affected.     There  may 
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be  a  single  lesion,  or  there  may  be  several,  showing  different  ages  and  differ- 
ent stages  of  development. 

The  lesions  may  become  as  large  as  a  hen's  egg  or  a  small  apple.  The 
patients  usually  die  of  exhaustion. 

Microscopically,  the  entire  mass  of  tissue  is  composed  of  what  appears  to 
be  granulation  tissue,  composed  of  small  round-cells,  epithelioid  cells,  and 
occasional  small  giant-cells.  Connective-tissue  fibers  are  seen  traversing  the 
growth,  sometimes  singly  and  sometimes  in  bands.  The  growths  are  imper- 
fectly vascularized,  the  blood  vessels  being  of  new  formation.  The  irregular 
distribution  of  the  blood  probably  explains  why  softening  and  ulceration  so 
commonly  occur.  The  cause  of  the  disease  has  not  yet  been  discovered. 
Micro-organisms,  both  bacteria  and  protozoa,  have  been  described,  but  as  yet 
the  etiology  of  the  disease  is  unknown. 

Some  believe  that  the  lesion  is  a  superficial  form  of  sarcoma,  and  while 
it  is  true  that  sarcoma  and  granulation  tissue  are  with  difficulty  differentiated 
from  each  other  by  the  microscopic  appearances,  the  superficial  nature  of 
the  lesion,  its  central  softening  and  ulceration,  its  slight  tendency  to  heal, 
its  vascularity,  its  progressive  course,  and  its  indisposition  to  give  metastasis 
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Fig.  220  — Section  of  bovine  lung  from  a  case  of  pneumomycosis  asperj 
showing  the  aspergiUus  fungi  in  the  tissue  (Ravenel). 

would  seem  to  indicate  that  it  is  properly  classified  among  the  specific  infec- 
tious diseases. 

Others  regard  the  disease  as  analogous  to  leukemia  and  Hodgkin's  dis- 
ease, and  have  described  it  3S, pseudoleukemia  cutis.  The  chief  argument  in 
favor  of  this  view  is  that  in  nearly  all  cases  there  is  an  accompanying  enlarge- 
ment of  the  lymphatic  nodes,  especially  in  the  neighborhood  of  the  dermal 
lesions.  This  might  be  accounted  for,  however,  by  infection,  etc.,  occur- 
ring in  the  primitive  lesion. 

Mycosis  aspergillina  is  a  rare  form  of  pseudotuberculosis,  occurring 
in  man  and  cattle,  caused  by  the  aspergillus. 

Etiology. — It  is  caused  by  some  species  of  aspergillus,  probably  in  all 
cases  Aspergillus  fumigatus,  which,  having  been  inhaled  into  some  particu- 
larly favorable  nidus  of  the  pulmonary  tissue,  has  succeeded  in  adopting  a 
parasitic  existence  with  the  formation  of  inflammatory  nodular  lesions.  The 
characteristics  of  the  fungus  have  already  been  given. 

Morbid  Anatomy. — The  diseased  organs  show  a  superficial  resemblance  to 
tuberculosis.  Scattered  throughout  the  affected  organs  are  more  or  less 
numerous,  irregular  sized,  consolidated,  bronchopneumonic  areas,  which 
show  a  softened,  purulent  center  and  an  infiltrated  border.      There  is  no 
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characteristic  by  which  the  nature  of  the  affection  can  positively  be  deter- 
mined with  the  naked  eye. 

The  aspergillus  can  be  cultivated  from  the  lesions,  and  upon  microscopic 
examination  of  sections  of  the  tissue  the  mycelial  threads  of  the  fungus  are 
seen  to  form  a  tangled,  thready  mass  radiating  in  all  directions  from  the 
center.  Should  the  node  be  necrotic,  the  fungus  sometimes  dies  in  the 
center  and  then  appears  as  a  kind  of  wreath  about  its  periphery. 

Spores  of  the  fungus  suspended  in  fluid  and  injected  into  the  ear  vein 
of  a  rabbit  may  lead  to  a  generalized  mycotic  infection  resembling  the  spon- 
taneous disease. 

Chancroid. — The  chancroid,  soft  chancre,  "simple  sore,''  non-specific 
sore,  etc.,  is  a  specific  infectious  disease,  characterized  by  an  ulceration, 
usually  seated  upon  the  organs  of  generation,  followed  by  the  formation  of 
an  inguinal  bubo  prone  to  suppuration.  The  disease  is  not  followed  by  con- 
stitutional symptoms  and  tends  toward  recovery. 

Etiology. — The  disease  is  contagious,  and  is  usually  acquired  through 
sexual  contact.  It  is  now  fairly  certain  that  the  bacillus  of  Ducrey  is  the 
specific  micro-organism  of  chancroid,  though  staphylococci,  streptococci, 
gonococci,  etc.,  are  found  in  the  lesions.  The  bacillus  can  be  demonstrated 
without  difficulty  by  staining  the  secretions  with  methylene-blue  and  quickly 
decolorizing  with  weak  acetic  acid.  The  bacillus  is  diplococcoid,  measures 
about  0.5  by  1.8,  is  constricted  at  the  center,  stains  most  deeply  at  the  poles, 
and  sometimes  occurs  in  chains.  It  is  thought  by  Ducrey,  Unna,  and  others 
to  be  the  specific  organism  of  the  disease.  Its  cultivation  has  only  recently 
been  achieved. 

While  the  chancre  is  usually  single  and  indurated,  the  chancroid  is  com- 
monly multiple,  soft,  moist,  and  pus-discharging.  At  times  the  lesion 
spreads  rapidly,  undermines  the  tissues,  and  assumes  a  serpiginous  character  ; 
at  other  times  it  hecorats  phagedenic.  The  formation  of  the  bubos  is  rapid, 
and  the  enlarged  inguinal  glands  soften,  suppurate,  and  evacuate,  with  the 
formation  of  communicating  sinuses.  Less  prominent  cicatrices  form  than 
succeed  syphilitic  lesions.  This  disease  is  purely  local,  and  when  uncom- 
plicated, is  never  followed  by  constitutional  manifestations.  In  some  cases 
difficulty  of  diagnosis  and  prognosis  results  from  the  fact  that  chancre  and 
chancroid  may  co-exist. 

Syphilis. — Syphilis,  or  "lues,"  is  a  specific,  infectious,  highly  conta- 
gious, acquired  or  hereditary  disease,  usually,  though  not  necessarily,  dis- 
seminated through  sexual  contact,  characterized  by  a  chronic  course  whose 
manifestations  are  described  as  primary,  secondary,  and  tertiary. 

Keen  and  White,  who  closely  follow  Cornil  in  writing  upon  the  subject, 
divide  the  course  of  the  disease  as  follows  : 

1.  Period  of  primary  incubation,  lasting  about  three  weeks. 

2.  Period  of  primary  symptoms — chancre  and  adenitis. 

3.  Period  of  secondary  incubation,  lasting  about  six  weeks. 

4.  Period  of  secondary  symptoms,  lasting  from  one  to  three  years. 

5.  Intermediate  period  of  two  to  four  years,  during  which  the  disease 
may  recover. 

6.  Tertiary  symptoms  of  unlimited  duration. 

I.  The  Period  of  Primary  Incubation. — The  disease,  as  has  been  said, 
usually  results  from  impure  sexual  contact.  During  the  period  of  primary 
incubation  there  are  no  symptoms,  so  that  the  third  week  is  usually  reached 
before  the  primary  lesion — the  chancre — makes  its  appearance.  The  chancre 
first  appears  as  a  superficial  papule  which  gradually  increases  in  size,  both  in 
circumference  and  depth,  for  a  number  of  days.  This  lesion  always  forms 
at  the  seat  of  inoculation.     Ordinarily  it  is  a  single  lesion,  although  multiple 
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chancres  are  occasionally  seen.  It  never  repeats  itself,  occurs  nowhere  ex- 
cept at  the  seat  of  original  inoculation,  and  is  invariably  present  except  in 
congenital  syphilis  and  in  a  few  cases  in  which  inoculation  has  been  ex- 
perimentally made  directly  from  the  blood  into  the  blood  of  a  susceptible 
person. 

The  chancre  results  from  the  local  development  of  the  germ  of  disease 
at  the  point  of  inoculation.  From  the  time  the  chancre  begins  to  form,  the 
spread  of  the  disease  begins  by  lymphatic  invasion,  and  by  the  time  the 
chancre  is  well  developed,  metastatic  enlargement  of  the  neighboring  lym- 
phatic glands  can  be  observed.  The  glands  thus  enlarged  are  hard,  free  of 
inflammatory  symptoms,  painless  upon  pressure,  and  movable  beneath  the 
skin.  They  do  not  suppurate.  Chancres  zx^  genital  ox  extragenital ,  accord- 
ing to  position.  The  great  majority  are  genital  because  the  disease  is  usually 
implanted  by  sexual  contact,  but  the  transfer  of  the  virus  to  other  parts  of 
the  body  by  the  finger,  by  implements,  by  tattooing,  etc.,  may  be  followed 
by  extragenital  implantations  and  extragenital  chancres. 

Genital  chancres  are  most  frequent  upon  the  glans  penis,  the  inner  surface 
of  the  prepuce,  and  especially  upon  the  fossa  glandis  and  frenum.  They  may 
also  occur  upon  the  skin  of  the  penis,  at  the  meatus  urinarius,  upon  the 
scrotum,  in  the  urethra,  and  upon  the  groin;  in  women,  upon  the  labia 
majora,  the  clitoris,  the  skin  of  the  pubes  and  groin,  and  the  neck  of  the 
uterus. 

Extragenital  chancres  occur  about  the  anus  in  one  of  the  puckers  caused 
by  contraction  of  the  sphincter  muscle,  the  mouth,  lips,  tongue,  uvula,  pala- 
tine arches,  tonsils,  cheek,  nipple,  eyelid,  finger,  etc.  Wherever'  the  primary 
sore  makes  its  appearance,  there  the  lymphatic  invasion  of  the  disease  begins, 
so  that  while  in  genital  chancre  it  is  the  inguinal  glands  that  first  enlarge  and 
form  the  bubos,  in  cephalic  chancres  it  is  the  cervical  glands,  and  in  digital 
chancres,  the  epitrochlear  and  axillary  glands. 

2.  The  Period  of  Secondary  Invasion  with  the  Enlargement  of  the 
First  Lymphatic  Node. — One  by  one  the  disease  affects  the  nodes,  in  the 
immediate  neighborhood  at  first,  but  more  and  more  remote  nodes  of  the 
body  appear  to  be  enlarged,  firm,  freely  movable,  and  insensitive.  During 
the  time  of  lymphatic  invasion  the  chancre  heals,  leaving  a  small,  permanent 
induration. 

J.  The  period  of  secondary  symptoms  makes  its  appearance  with  the  lym- 
phatic generalization.  The  patient  now  suffers  from  fever  of  100°  to  loi* 
F.,  articular  pains,  malaise,  loss  of  hair,  cutaneous  eruptions,  and  mucous 
patches. 

The  early  cutaneous  eruptions  are  very  superficial,  and  consist  of  maculae 
and  roseola ;  the  later  eruptions  are  deeper  and  form  papules  and  pustules. 
The  eruptions  are  usually  polymorphous,  numerous  forms  of  eruption  occur- 
ring at  the  same  time.  The  most  characteristic  feature  of  the  syphilitic 
lesions  is  their  tendency  to  adopt  an  unusual  though  symmetric  distribu- 
tion. They  are  frequent  upon  the  palms  of  the  hands,  and  usually  have  a 
rounded  form  and  a  copper-red  color. 

The  loss  of  the  hair  is  incomplete  and  irregular,  affecting  the  head,  eye- 
brows, mustache,  beard,  and  pubic  and  axillary  regions,  so  that  they  present 
a  moth-eaten  appearance. 

Mucous  patches  occur  upon  the  skin  contiguous  to  the  mucous  membranes 
and  upon  the  membranes  themselves.  They  form  slightly  elevated,  grayish 
or  reddish,  glazed,  moist,  and  slimy  lesions,  covered  with  a  thin  pseudomem- 
brane.  They  are  usually  observed  to  occur  under  the  influence  of  warmth  and 
moisture,  and  are  said  to  result  from  the  transformation  of  a  syphilitic  papule. 
They  occur  chiefly  upon  the  prepuce  and  glans  penis,  the  scrotum,  and  anus 
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of  men,  and  upon  the  labia  and  anus  of  women.  They  also  occur  about  the 
lips,  under  the  tongue,  and  in  other  parts  of  the  mouth.  They  are  probably 
the  most  contagious  of  the  syphilitic  lesions. 

The  period  of  secondary  symptoms  is  from  one  to  three  years  in  dura- 
tion. As  the  time  passes,  the  manifestations  gradually  subside,  until  health 
is  apparently  regained. 

4.  The  Intermediate  Period. — The  patient  now  passes  into  what  is  de- 
scribed as  the  intermediate  period.  He  may  recover  with  the  disappearance 
of  the  secondary  symptoms,  and  show  no  further  signs  of  disease,  but  in  less 
favorable  cases  the  disease  reappears  after  from  two  to  four  years  with  what 
are  known  as  tertiary  symptoms. 

5.  The  tertiary  period  hs,  of  unknown  duration.  Its  lesions  are  extremely 
destructive,  the  most  characteristic  being  the  gumma.  The  tendency  of  the 
tertiary  lesions  is  to  occur  in  and  destroy  the  deeper  organs  and  tissues. 


Fig.  221. — Syphilitic  arteritis.  The  section  is  from  a  subclavian  artery  nearly  obliterated 
"by  proliferation  of  the  intima.  The  elastic  fibers  of  the  intima  are  greatly  increased  in  number. 
The  media  is  studded  with  numerous  small  gummata  {a,  a),  in  some  of  which  giant-cells  (3)  are 
present.    The  adventitia  shows  some  round-cell  infiltration  (Diirck). 

They  are  always  necrotic  or  ulcerative,  and  occasion  extensive  loss  of  sub- 
stance, with  great  subsequent  cicatrization. 

The  tertiary  manifestations  are  extremely  irregular,  both  as  regards  their 
■distribution  and  their  time  of  occurrence.  Sometimes  twenty  and  even  thirty 
years  elapse  between  the  development  of  the  primary  lesion  and  the  appear- 
ance of  the  tertiary  manifestations ;  the  later  the  lesions  are  deferred,  the 
more  severe  and  destructive  they  are  apt  to  be.  Not  only  do  very  destructive 
dermal  lesions — rupia,  etc. — ^and  gummata  make  their  appearance  during  the 
tertiary  stage,  but  also  less  clearly  marked  lesions  of  the  bones, — osteoperi- 
ostitis, rarefying  osteoperiostitis,  osteomyelitis,  and  gummatous  osteoperios- 
titis,— of  the  muscles, — myositis  and  succeeding  contractures, — and  of  the 
nervous  system — sclerosis  of  the  posterior  columns  of  the  spinal  cord,  etc. — 
make  their  appearance.  Throughout  the  course  of  the  disease  the  blood 
vessels  are  prone  to  show  marked  changes  whenever  near  a  lesion  of  the 
disease,  and  syphilis  is  an  important  cause  of  arteriosclerosis  with  resulting 
aneurysm,  apoplexy,  thrombosis,  etc. 
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Contagion  in  Syphilis. — The  chancre  is  an  infective  lesion,  though  it  is 
improbable  that  syphilis  is  frequently  transmitted  by  its  secretions.  The 
greatest  danger  occurs  in  the  secondary  stage  of  the  disease,  when  its  course 
is  actively  operating  in  the  blood  and  occasioning  superficial  manifestations, 
such  as  the  mucous  patch,  which  is  probably  the  chief  contagious  lesion. 

During  the  secondary  stage  the  blood  is  also  infectious,  and  it  is  possible 
to  transmit  the  disease  by  a  blood-to-blood  inoculation  without  producing  the 
primary  manifestations.  Hereditary  transmission  of  syphilis  occurs  during 
the  secondary  stage. 

After  the  lapse  of  four  or  more  years,  while  the  disease  may  not  cease  its 
manifestations  in  the  infected  individual,  it  ceases  to  be  transmissible,  and 
during  the  tertiary  stage  it  is  universally  conceded  that  it  is  not  contagious. 

Hereditary  syphilis,  which  begins  with  the  secondary  manifestations,  is  as 
contagious  as  the  acquired  form  of  the  disease. 

Etiology. — The  cause  of  syphilis  is  unknown.  Its  course  and  manifesta- 
tions are,  however,  so  fully  in  accord  with  the  facts  and  phenomena  of  in- 
fection as  to  leave  no  doubt  but  that  it  depends  upon  a  parasitic  micro- 
organism-. 

From  time  to  time  different  investigators  have  described  bacilli,  protozoa, 
etc.,  for  which  etiologic  importance  has  been  claimed,  but  the  bacillus  of 
Lustgarten,  which  once  claimed  attention,  was  subsequently  proved  to  be  the 
smegma  bacillus ;  the  bacillus  of  Van  Niessen  has  received  no  confirmation, 
and  the  protozoon  of  Schijller  is  too  new  to  merit  more  than  mention. 

Morbid  Anatomy. — The  lesions  peculiar  to  syphilis  are  the  chancre,  the 
mucous  patch,  and  the  gumma.  About  the  cellular  infiltrations,  arteritis,  and 
fibrosis  there  is  nothing  characteristic. 

I.  The  Chancre. — The  chancre  is  the  primary  lesion  of  acquired  syphilis. 
It  invariably  occurs  at  the  seat  of  primary  inoculation,  and  only  in  rare  cases, 
in  which  the  inoculation  js  made  into  the  blood,  has  syphilis  been  known  to 
occur  without  this  lesion.  It  does  not  occur  in  hereditary  syphilis  because  it 
is  a  blood  inoculation. 

The  chancre  of  syphilis  is  the  true,  hard,  or  Hunterian  chancre.  The 
soft  chancre,  or  chancroid,  is  an  entirely  different  disease  (^.  v.'). 

The  chancre  first  makes  it  appearance  as  a  soft  red  papule  which  slowly 
enlarges  by  superficial  and  deep  infiltration  of  the  tissues  until  it  attains  a 
diameter  varying  from  a  few  millimeters  to  several  centimeters.  It  under- 
goes early  superficial  necrosis,  the  resulting  ulceration  being  indolent.  Its 
appearance  is  suggestive,  but  not  characteristic.  It  has  a  dull  red  color, 
forms  a  flattened  swelling  the  ulcerated  surface  of  which  is  covered  with  a 
grayish  or  yellowish  false  membrane,  and  appears  either  dry  or  slimy.  The 
induration  which  accompanies  the  lesion  is  quite  extensive  and  very  charac- 
teristic— hence  its  name,  initial  sclerosis. 

"  The  induration  may  be  either  superficial  or  deep,  depending  upon  the 
arrangement  of  the  vessels,  which  form  on  the  skin  two  horizontal  networks — 
one  beneath  the  papillae,  the  other  deeper,  at  the  base  of  the  derma.  When 
the  former  is  affected,  we  have  a  superficial  induration.  If  the  sclerosis  has 
involved  at  the  same  time  both  sets  of  vessels,  the  intermediate  branches  being 
equally  affected,  we  have  a  more  extensive  nodule,  varying  in  thickness  accord- 
ing to  the  region  of  the  skin  involved." 

The  induration  of  the  chancre  is  present  by  the  end  of  the  first  week  of 
its  existence,  although  sometimes  it  does  not  appear  until  later.  It  begins  at 
the  surface  and  descends.  According  to  its  thickness  and  the  impressions  it 
imparts  to  the  palpating  fingers,  it  is  described  by  syphilographers  as  a  "  larni- 
nated  induration,''  when  suggestive  of  a  piece  of  paper;  a  "parchment-like 
induration,''  when  somewhat  thicker;  a  "  nodular  induration,"  when  thick 
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and  rounded  like  a  piece  of  vood  or  cartilage  beneath  the  surface,  or  an 
"  annular  induration  "  when  the  edges  are  indurated,  forming  a  hard  ring 
about  an  ulcer  the  center  of  which  remains  soft. 

The  chancre  having  attained  its  maximum  size  in  a  week  or  two,  remains 
indolent  and  stationary  for  three  or  four  weeks,  then  slowly  disappears,  re- 
covering entirely  in  five  or  six  weeks.  The  induration  may,  however,  persist 
for  years  subsequently. 

The  abrasion  through  which  the  initial  introduction  of  the  virus  takes 
place  may  serve  as  the  portal  through  which  other  infectious  agents  simultane- 
ously enter  the  tissues ;  and  the  necrotic  surface  of  the  chancre  forms  an 
excellent  nidus  for  the  growth  of  bacteria,  so  that  all  chancres  do  not  run 
the  typical  course,  some  being  modified  by  associated  infections.  A  frequent 
result  is  simultaneous  infection  of  chancre  and  chancroid,  the  latter  masking 
the  former,  so  that  it  may  be  overlooked,  and  the  simultaneous  occurrence 


Fig.  222.— Chancre  or  initial  sclerosis  of  syphilis :  a,  Corium,  showing  mild  inflammation ; 
i,  chancre,  with  dense  cellular  infiltration  of  the  connective  tissue ;  c,  d,  lymph-spaces  filled 
with  leukocytes  (Ziegler). 

of  phagedenic  inflammations  which  cause  rapid  spread  of  the  chancre  and 
obscure  its  characteristics. 

The  chancre  is  an  inflammatory  lesion.  It  is  not  characteristic  in  struc- 
ture, and  cannot  with  certainty  be  differentiated  from  other  inflammatory 
lesions  by  microscopic  examination. 

It  consists  of  an  invasion  of  the  tissue  by  infiltrating  round-cells,  which, 
while  indefinite  in  arrangement,  show  a  general  tendency  to  extend  along 
the  course  of  blood  vessels.  These  cells  are  polymorphonuclear  leukocytes, 
lymphocytes,  and  plasma  cells,  together  with  endothelial  cells,  connective- 
tissue  cells,  and  fibroblasts  derived  from  the  tissues.  The  number  of  the  latter 
cells  indicates  considerable  disturbance  of  the  connective  tissue.  There  are 
no  giant-cells  or  peculiar  large  cells,  such  as  are  present  in  tuberculosis  and 
lepra,  to  serve  as  landmarks  of  the  process.  The  blood  vessels  in  and  about 
the  lesion  show  a  peculiar  form  of  arteritis,  followed  by  proliferation  of  the 
endothelium,  obstruction,  and  obliteration.  The  loss  of  nourishment  which 
follows  this  vascular  change  is  probably  an  important  cause  of  the  necrotic 
changes. 
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There  is  considerable  intercellular  exudate,  which  coagulates  in  the  super- 
ficial part  of  the  lesion.  The  exudate  may  itself  aid  in  producing  the  in- 
duration—its coagulation  certainly  does  so.  The  coagulation  of  the  exudate 
about  the  cells  hastens  their  coagulation  necrosis,  the  superficial  cells  enter- 
ing into  the  formation  of  the  false  membrane  upon  the  surface  of  the  chancre  ; 
the  deep  cells  probably  also  suffer  from  the  coagulation  of  the  exudate 
among  them,  although  this  is  not  demonstrable.  The  deep  cells  are  partly 
absorbed,  partly  involved,  in  the  connective-tissue  hyperplasia  which  follows. 

Although  to  the  eye  and  finger  the  chancre  seems  to  be  a  perfectly  cir- 
cumscribed lesion,  the  microscope  shows  its  circumscription  to  be  quite  in- 
definite, as  cellular  infiltrations  extend  from  it  in  all  directions.  It  is  by 
such  extension  that  the  disease  reaches  the  inguinal  glands,  to  form  the 
bubos. 

2.  The  Mucous  Patch  or  Condyloma  Latum. — These  lesions,  which  are 
characteristic  of  syphilis,  usually  appear  in  the  second  stage  of  the  disease, 


Fig.  223. — Condyloma  lata  or  mucous  patches  of  secondary  syphilis  (Schamberg). 

and  consist  of  flat,  tabular  swellings,  making  their  appearance  upon  such 
parts  of  the  skin  and  mucous  membranes  as  are  naturally  warm  and  moist. 
They  begin  with  the  formation  of  papules  which  broaden  and  soften  upon  the 
surface  from  the  combined  effects  of  necrosis  and  moisture.  There  thus 
results  a  lesion,  grayish  upon  the  mucous  membranes  and  reddish  upon  the 
skin,  smooth,  moist,  and  glazed,  and  covered  with  a  scanty  secretion  which 
may  be  offensive.     The  lesions  are  sensitive  to  the  touch. 

The  mucous  patch  is  the  most  contagious  lesion  of  syphilis,  and  as  it 
makes  its  appearance  about  the  genital  organs,  is  probably  that  through 
which  the  disease  is  most  frequently  transmitted.  As  these  patches  also  occur 
about  the  mouth,  they  may  be  the  source  of  extragenital  chancres  through 
osculation  or  the  use  of  forks,  spoons,  etc. ,  used  by  syphilitics. 
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The  mucous  patch  consists  of  a  round-cell  infiltration  of  the  derma,  with 
edema  and  necrosis  of  the  epithelium.  The  papillae  of  the  skin  become 
abnormally  large  and  broad  from  the  pressure  of  the  new  cells  and  hyper- 
plasia of  the  epithelial  covering.  It  is  this  enlargement  of  the  papillae  that 
is  responsible  for  the  elevation.  The  necrosis  and  exfoliation  of  the  epithe- 
lium leave  a  slightly  oozing,  easily  infected  surface,  which  is  slow  to  heal. 
More  or  less  hyperemia  of  the  papilla  of  the  skin  is  present,  giving  the 
dermal  lesions  their  red  color.  The  grayish  color  of  the  lesion,  upon  a 
mucous  membrane,  depends  upon  the  necrotic  slough  upon  its  surface. 

Mucous  patches  may  be  single  or  multiple.  Their  recovery  is  usually  per- 
fect, although  for  some  time  indurations  may  remain  where  they  have  been. 

J.  The  Gumma. — The  remaining  characteristic  lesion  of  syphilis  is  the 
gumma.  It  may,  in  rare  instances,  make  its  appearance  during  the  first  year 
of  the  disease,  but  usually  not  until  years  later,  and  may  first  appear  as  late 
as  twenty  to  thirty  years  after  infection. 

The  usual  seats  of  occurrence  are  the  face  (nose  and  nasal  septum),  scalp, 
iris,  shoulders,  neck,  arms,  thighs,  and  legs.  They  may,  however,  occur  in 
any  part  of  the  body,  including  the  internal  organs. 

The  appearance  of  a  superficial  gumma  is  similar  to  that  of  a  furuncle,  but 
it  extends  more  deeply  into  the  tissues  and  is  much  less  inflammatory  and 
usually  painless.  It  gradually  increases  in  size  until  it  attains  a  diameter  of 
one  or  two  centimeters,  then  softens  slowly,  extends  to  the  surface,  and 
evacuates.  Each  gumma  has  four  stages:  (i)  Formation;  (2)  softening; 
(3)  ulceration  ;   (4)  cicatrization. 

The  period  of  formation  is  longest.  Softening  and  ulceration  are  also 
slow,  the  evacuation  of  the  softened  material  taking  place  through  a  small 
rounded  opening,  through  the  escape  of  curdy  flakes  of  necrotic  or  gummy 
tissue  not  in  the  least  like  pus.  Following  the  evacuation  is  a  cicatrization 
which  terminates  in  the  formation  of  a  deep  and  drawn  scar  which  usually 
has  a  radiating  appearance. 

Gummata  may  be  single  or  multiple.  There  may  be  one  lesion  the  size 
of  an  orange,  or  there  may  be  hundreds  no  larger  than  a  pin-head.  They 
occur  in  both  hereditary  and  acquired  syphilis. 

The  gumma  is  a  specific  inflammatory  lesion  in  which  the  process  of  coagu- 
lation, with  the  formation  of  a  gummy  material,  soon  exceeds  the  rapidity  of 
growth,  so  that  a  gumma  not  yet  evacuated  presents  to  the  naked  eye 
a  fairly  well-circumscribed  mass  of  grayish  or  grayish-yellow,  firm,  coagula- 
tion-necrotic  material  formed  by  retrogressive  changes  in  the  exudation  and 
tissue  into  which  it  has  exuded.  The  forming  gumma  consists  of  a  fairly 
typical  granulation  tissue  in  which  newly  formed  blood  vessels  are  numerous. 
As  the  lesion  ages,  endarteritis  occurs  in  the  vessels  and  aids  in  the  succeed- 
ing necrosis.  The  degeneration  of  the  gumma  is  called  "gummy."  It 
sometimes  resembles  mucoid  degeneration,  but  is  apparently  a  mixed  form 
of  necrosis.  The  granulation  tissue  of  which  the  growing  gumma  is  formed 
consists  of  both  round-cells  and  fibroblasts,  with  occasional  small  giant-cells. 
The  central  cells  of  the  gumma  first  undergo  coagulation  necrosis,  a  distinct 
zone  of  growing  connective  tissue  usually  circumscribing  the  mass. 

Gummata  deeply  situated  in  the  internal  organs,  as  in  the  liver,  have  no 
opportunity  to  heal  by  evacuation,  but  do  so  by  absorption,  the  combined 
softening  and  absorption  occurring  simultaneously  with  the  contraction  of 
the  connective  tissue,  until  a  large  lesion  is  transformed  into  a  knot  of  fibrous 
tissue.  The  amount  of  connective  tissue  formed  by  the  healing  process  may 
be  considerable,  and  by  its  contraction  produce  marked  deformity  of  the 
organ.  Should  the  absorption  process  be  very  slow  or  incomplete,  calcifica- 
tion usually  occurs  in  the  necrotic  remnants. 
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4.  The  Atypical  Manifestations  of  Syphilis. — The  organs  of  syphilitics  are 
usually  indurated  from  hyperplasia  of  the  interstitial  fibroconnective  tissue. 
This  is  probably  a  manifestation  of  the  syphilitic  poison,  though  it  must  not 
be  forgotten  that  alcoholism  is  frequently  associated  with  syphilis  and  may  be 
responsible  for  the  cirrhosis  of  the  liver  and  other  indurations  observed. 

Cellular  infiltrations  beneath  the  mucous  membranes,  especially  in  the 
larynx,  are  common  in  syphilis,  and  may  lead  to  ulcerations  or  indurations. 
In  all  probability  the  indurations  of  the  internal  organs  follow  such  cellular 
infiltrations. 

Endarteritis  is  common  in  syphihs  in  and  about  the  specific  lesions.  This 
form  of  endarteritis  does  not,  however,  differ  essentially  from  others. 

Various  skin  eruptions  occur  in  both  secondary  and  tertiary  syphilis.  A 
few,  because  of  their  distribution,  are  characteristic,  but  the  majority  are  with 
difficulty  differentiated  from  similar  non-syphilitic  lesions,  except  the  history 
of  the  case  be  taken  into  account. 

Syphilitic  bone  diseases  are  common.    Periostitis,  ostitis,  and  osteomyelitis 
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Fig.  224. — Fresh  gummatous  hepatitis  with  acquired  syphilis  (Durck). 


occur.     These  lesions  have  a  selection  for  the  upper  third  of  the  tibia,  the 
'  sternum,  and  the  skull.     They  may  become  very  destructive,  especially  when 
affecting  the  septum  nasi  or  the  bones  of  the  cranium.     (See  Diseases  of  the 
Bones.) 

Hereditary  Syphilis. — Hereditary  syphilis  may  depend  upon  disease  of 
the  ovum,  of  the  spermatozoon,  or  of  both  ;  or  it  may  be  caused  by  placental 
transmission,  if  contracted  by  the  mother  subsequent  to  conception.  It  can 
be  inherited  from  the  father  only  through  the  medium  of  the  spermatozoon, 
hence  the  father  of  the  infected  child  must  be  syphilitic  at  the  time  of  con- 
ception. As  the  mother  may  infect  the  child  either  through  a  diseased  ovum 
or  by  blood  infection  through  the  placenta,  she  may  either  be  syphilitic  at 
the  time  of  conception  or  may  contract  the  disease  during  pregnancy. 

When,  as  sometimes  happens,  conception  follows  the  union  of  a  syphilitic 
spermatozoon  and  a  normal  ovum  in  a  woman  not  infected  with  syphilis,  it 
is  not  possible  for  her  to  become  infected  through  the  placenta  from  the  fetal 
blood.     This  immunity  of  the  mother  of  a  syphilitic  child  is  the  foundation 
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Fig.  Z2S- — Upper  median 
incisors  in  hereditary  syph- 
ilis (Cornil  and  Ranvier). 


Fig.  226. — Serrations  in 
normal  teeth  (Cornil  and 
Ranvier). 


of  "Colics'  law"  that  a  syphilitic  child  born   of  an  apparently  healthy 

mother  is  incapable  of  subsequently  infecting  her.     The  converse  of  this  is 

also  true,  and  forms  the  foundation  of  "Profeta's  law,"  that  an  apparently 

healthy  child  born  of  a  syphilitic  mother  cannot  be 

subsequently  infected  by  her. 

The  transmission  of  syphilis  from  parent  to  child 
rarely  occurs  subsequent  to  the  lapse  of  four  years  from 
the  time  of  original  infection.  Acquired  syphilis  of 
the  mother  may  be  transmitted  to  the  child  in  utero 
as  late  as  the  seventh  month  of  gestation. 

Hereditary  syphilis  differs  from  acquired  syphilis 
only  in  being  without  the  initial  lesion.  It  is  con- 
tagious, and  can  be  transmitted  to  others,  just  as  any 
case  of  secondary  syphilis. 

For  reasons  already  made  plain,  the  hereditary 
form  of  the  disease  lacks  the  primary  stage.  Instead 
of  virus  reaching  the  child  through  some  external 
focus  where  it  first  forms  a  chancre,  and  then  invades  the  lymphatics,  the 
poison,  entering  from  the  germinal  cells,  grows  and  multiplies  simultaneously 
with  the  developing  embryo,  or  in  case  of  later  infection  of  the  mother, 
having  produced  its  early  manifestations  in  the  body  and  invaded  her  blood, 
passes  through  the  placenta  and  enters  the  circulation  of  the  offspring. 

Prenatal  infection  with  syphilis  is  a  very  serious  obstacle  to  the  proper 
development  of  the  embryo.  Exactly  how  it  will  interfere  with  its  progress 
will  depend  upon  the  time  at  which  the  infection  of  the  embryo  occurs  and 

the  activity  of  the  disease  in  the  parents. 
Thus,  if  the  parents  suffer  from  active 
and  malignant  secondary  syphilis  at  the 
time  of  procreation,  the  disease  in  the 
embryo  is  usually  so  active  as  to  cause 
its  death  and  lead  to  abortion.  The 
aborted  embryo  is  apt  to  show  exagger- 
ated lesions,  such  as  palmar  pemphigus 
and  disease  of  the  internal  organs.  If 
the  activity  of  the  disease  is  more  mild, 
the  fetus  dies  later,  and  is  born  dead  and 
macerated.  It  is  said  that  at  least  one- 
third  of  syphilitic  children  are  born 
dead. 

If  the  virus  is  still  less  virulent,  the 
children  may  be  born  alive  with  evi- 
dences of  the  disease,  when  they  usu- 
ally die  shortly,  or  without  evidences  of 
its  presence,  to  develop  the  symptoms 
and  fall  into  an  unhealthy  condition 
shortly  afjter. 

Of  these  healthy  appearing  children, 
it  is  said  that  about  25  per  cent,  die  in  the 
first  six  months.     Even  if  they  survive 
longer,  the  dangers  are  overwhelmingly 
against  the  subsequent  attainment  of 
health  and  freedom  from  deformity. 
The  newly  born  child  of  syphilitic  parents  usually  shows  no  symptoms 
of  the  disease  for  from  one  to  three  weeks.     About  30  per  cent,  gjiow  mani- 
festations within  a  month,  66  per  cent,  of  the  remainder  within  three  months. 


Fig.  227. — Closure  of  mouth  from  con- 
genital syphilis  (Dandridge). 
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The  appearance  of  the  syphilitic  child,  whether  the  syphilis  be  hereditary 
or  accidentally  acquired  through  contact  with  mucous  patches  in  the  maternal 
tissues  during  delivery,  is  about  the  same,  the  effect  of  the  disease  being  a 
marked  impairment  of  nutrition  and  growth. 

The  child  appears  small,  withered,  and  weazened.  Its  features  are  senile 
or  simian.  It  has  a  hoarse  cry,  and  suffers  from  catarrh  of  the  nasal  mucous 
membrane,  which  causes  the  characteristic  "  snuffles."  Cutaneous  eruptions 
are  frequent,  and  changes  in  the  bones  and  joints  are  partly  characteristic. 

If  the  child  lives,  its  life  is  apt  to  be  a  continued  succession  of  morbid 
processes — pemphigus,  coryza,  cirrhosis  of  the  liver,  osteochondritis,  dacty- 
litis, interstitial  keratitis,  etc. 

AH  its  physiologic  processes  are  disturbed  and  its  structure  morbidly  modi- 
fied. Thus,  the  teeth  of  the  first  dentition  are  irregular  in  development, 
opaque,  chalky,  deficient  in  enamel,  with  soft  friable  dentin,  inequality  in 
size,  and  proneness  to  decay.  The  permanent  teeth  are  characterized  by  a 
peculiarity  of  the  upper  central  incisors,  known  as  "  Hutchinson's  teeth," 
the  fang  of  each  tooth  being  short,  thick,  and  deeply  notched  at  the  edge. 

As  the  child  grows,  various  cellular  infiltrations,  superficial  and  deep 
ulcerations,  make  their  appearance,  with  corresponding  cicatrizations  and 
more  or  less  marked  disfigurement  and  deformity. 
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CHAPTER  I. 
THE  BLOOD. 

GENERAL  REMARKS. 


The  blood  is  the  circulating,  life-sustaining  fluid  of  the  body.  It  receives 
the  products  of  digestion  in  an  assimilable  and  utilizable  form,  and  conveys 
them  to  the  various  cellular  laboratories  for  refinement.  It  carries  appropriate 
nutriment  to  all  the  cells  of  the  organism,  absorbs  effete  products  from  the 
metabolic  tissues,  and  carries  them  to  the  excretory  organs.  Through  the 
hemoglobin  contained  in  its  corpuscles  it  is  the  means  of  tissue  respiration, 
oxygen  being  absorbed  in  the  lungs  and  carried  to  the  cells,  and  the  carbon 
dioxid  eliminated  by  the  cells  taken  back  for  elimination. 

The  blood  consists  of  fluid — liquor  sanguinis — and  corpuscles. 

Ph)'siologjcally,  blood  is  divided  into  the  arterial,  or  freshly  aerated, 
bright-red  blood,  the  venous,  or  vitiated  dark-blue  blood,  and  the  capillary, 
or  intermediate  blood.  For  purposes  of  study  the  blood  is  sometimes  ob- 
tained by  opening  an  arterial  or  venous  vessel,  either  at  the  surface  or  in  the 
organs  of  the  body,  but  in  nearly  all  cases  studies  of  the  blood  are  made 
from  a  drop  obtained  from  a  small  puncture  made  in  the  ball  of  the  finger  or 
tip  of  the  ear,  and  represents  the  capillary  blood  of  the  peripheral  circula- 
tion. Whenever  statements  concerning  the  structure  and  composition  of 
the  blood  are  made,  it  should  always  be  borne  in  mind  that  they  refer  not  to 
the  total  blood  or  to  the  blood  in  the  great  vessels,  but  to  this  easily  accessi- 
ble blood  of  the  peripheral  circulation. 

This  blood  used  for  study  is  a  dark-red,  heavy  fluid.  It  is  alkaline  in 
reaction,  from  the  presence  of  disodic  phosphate  (NajHPOi)  and  sodium 
carbonate  (NaHCOs).  The  alkalinity  expressed  in  terms  of  sodium  hydrate, 
according  to  different  authors,  varies  as  follows  : 


Von  Jaksch  .        .  260  to  300  mg. 

Canard 203  to  276  mg.    \     per  100  c.c.  of  blood, 

Simon 182  to  218  mg. 


These  variations  seem  to  indicate  that  no  reliable  method  of  determining 
the  alkalinity  has  yet  been  devised,  and  it  is  safe  to  follow  von  Limbek, 
Cabot,  and  others  in  saying  that  it  is  not  correctly  known. 

For  clinical  purposes  one  can  determine  whether  the  blood  be  alkaline  or 
acid,  in  spite  of  its  red  color,  by  the  use  of  glazed  litmus-paper,  allowing  it 
to  remain  in  contact  with  the  paper  for  about  one-half  minute,  then  care- 
fully washing  it  off.  In  this  way  the  corpuscles  which  give  it  the  red  color 
will  be  removed  and  the  paper  will  show  the  reaction. 

The  specific  gravity  of  the  blood  depends  upon  the  number  of  corpuscles 
and  their  percentage  of  hemoglobin.  In  children  it  varies  from  1.054  to 
1.052.  For  women,  the  specific  gravity  approximates  1.054  ;  for  men.  1.055. 
It  is  safe  to  adopt  1.055  ^^  the  normal  standard  for  healthy  adults. 
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A  simple  method  of  estimating  the  specific  gravity  is  that  of  Hammerschlag.  It  is  done  by- 
making  a  mixture  of  chloroform  and  benzol  of  exactly  the  same  specific  gravity  as  a  drop  of 
blood  permitted  to  fall  from  the  punctured  finger  into  it.  If  the  drop  of  blood  tends  to  sink, 
chloroform  must  be  added  ;  if  it  tends  to  float,  benzol  must  be  added.  As  soon  as  the  drop 
of  blood  remains  suspended,  tending  neither  to  rise  nor  to  sink,  the  specific  gravity  of  the 
mixture  can  be  determined  with  a  hydrometer  and  the  reading  yriSS.  apply  both  to  the  blood 
and  to  the  chloroform-benzol  mixture.  The  hydrometer  used  for  the  purpose  must  be  specially 
and  correctly  graduated  for  measuring  the  specific  gravity  of  the  chloroform-benzol  mixture. 

The  blood  has  a  characteristic  odor,  which  in  different  animals  resembles 
the  pulmonary  exhalations. 

It  is  somewhat  difficult  to  make  a  correct  chemic  analysis  of  blood,  be- 
cause of  the  rapid  formation  of  fibrin  when  it  is  shed.  According  to  C. 
Schmidt,  the  following  calculation  represents  the  chemic  composition  with 
fair  accuracy : 


In  1000  parts  of  blood :  Man.  Woman. 

Corpuscles     .  513.00  369.20 

Water 

Hemoglobin  and  globuUns 

Mineral  salts  .    . 

Plasma    .        .  .  . 

Water     .... 

Fibrin 

Albumins  and  extractives 


349.70  272.60 

159.60  120.10 

3-70  3-SS 

486.90  603.80 

439.00  552.00 

3.90  1.91 

39.90  44.79 


Mineral  salts  4.14  5,07 

Hoppe-Seyler  and  Hammarsten  give  the  composition  of  horse's  plasma  as — 

Water     ....                      .                      ...  908.4  917.6 

Solids gi.6  82.4 

Total  albumins 77.6  69.5 

Fibrin          10. i  6.5 

Globulin     ....           38. 4 

Serum-albumin 26.4 

Fat 1.2  12,9 

Extractives 4.0  12.9 

Soluble  salts 6.4  12.9 

Insoluble  salts  .    .       .               1.7  12.9 

Simon  introduces  the  following  table,  showing  the  marked  difference  ex- 
isting in  the  mineral  ingredients  between  serum  and  red  corpuscles,  the  latter 
being  relatively  rich  in  potassium  salts  and  phosphorus  and  poor  in  sodium 
salts  and  chlorin. 

Man.  Woman. 

Erythrocytes.    Serum.     Erythrocytes.  Serum. 

K2O 1.586  0.153  I.412  0.200 

NajO         0.241  1.661  0.648  1.916 

CaO 

MgO         

FesOs  

CI 0.898  1.722  0.362  1440 

P2O5     .  .      0.695  0.071  0.643  2.202 

In  addition  to  the  composition  given,  which  may  constitute  the  invariable 
or  slightly  variable  composition  of  the  blood,  there  are  a  number  of  com- 
pounds which  occasionally  present  themselves.  Among  these  may  be  men- 
tioned fat,  varying  from  o.oi  to  0.015  P^''  cent,  after  rich  meals;  soaps, 
cholesterin,  lecithin,  dextrose,  normally  about  o.oi  to  0.015  P^'^  cent.,  and 
sometimes  even  0.03  percent.,  urea,  uric  acid,  kreatin,  kreatinin,  carbamic acid, 
sarcolactic  acid,  glycogen,  hippuric  acid,  and,  under  pathologic  conditions, 
xanthin,  hypoxanthin,  paraxanthin,  adenin,  guanin,  leucin,  tyrosin,  lactic 
acid,  cellulose,  /9-oxybutyric  acid,  acetone,  and  biliary  constituents. 

The  gaseous  interchange  that  takes  place  in  the  lungs  and  tissues  causes 
venous  and  arterial  blood  to  differ  widely  in  gaseous  ingredients ;  thus  we 
find: 
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'  Positively 
demonstrable. 


'  Constituents 
normal  when 
present  in  cer- 
tain  amounts 
only. 


Liquor 

Sanguinis. 


■  Nutritive 


Blood. 

Venous.  Arterial. 

Oxygen 2^-^  ^'^ 

Carbon  dioxid  .    .  .  ...  •     40-3  4»-o 

Nitrogen .  .1.8  1-8 

Of  the  oxygen,  only  0.26  per  cent,  is  dissolved  in  the  plasma,  all  the 
remainder  being  in  combination  with  the  hemoglobin  of  the  corpuscles. 
One-tenth  of  the  carbon  dioxid  is  in  solution  of  the  plasma,  the  remainaer 
being  in  the  corpuscles  in  combination  with  alkalies  and  with  hemoglobin. 

TABLE  I. — The  Liquor  Sanguinis. 

Serum-albumin. 

„  1  i_  V     f  Fibrinoplastin. 

Serum-globulin  |  p^raglobulin. 
f  Olein. 
Fats  •!  Palmitin. 

y  Stearin. 
Soaps. 
Glycerins. 
Cholesterjn. 
■  Fibrin  factors — fibrinogen. 
Fibrin  ferment — thrombin. 
'  Cytolytic  amboceptors. 
'  Cytolytic  complements. 
Proteolytic — trypsin  (?). 
Lipolytic — lipase. 
Glycolytic — pancreatic  ferment. 
'  Urea  antecedents. 
Uric-acid  antecedents. 
Creatin,  etc. 
Chlorids— NaCl,  etc. 
Phosphates — Ca,  Mg. 
Carbonates — Ca. 
Sulphates. 
O. 
CO2,  etc. 


Sugars. 


Extractives 


Coagulative  ■ 
Protective 


Enzymic 


Metabolic 


•■  Inorgan  c 


Negatively 


f  Internal 


r  Pituitary. 
Thyroid. 


I  iMegativeiy  stimulating     '"'""f'  ,  \  Adrenals. 

^- demonstrable.  }  ^  \  secretions  ^  g^^  gi^n^s. 

[  Corpus  luteum. 
■  Protozoan — malaria,  Texas  fever,  etc. 

Bacterial  I  Toxophorous. 
Bacterial  |  Haptophorous. 

I  f  Acetone. 

Metabolic  ■<  Aceto-acetic  acid. 
[  (.  p-oxybutyric  acid. 

Xanthin. 
Hypoxanthin. 
Creatin,  etc. 
'  Agglutinins. 
Precipitins. 
Amboceptors. 
Complements. 
Antitoxins. 
Anti-enzymes. 
Anticomplements. 
_  Anti-amboceptors,  etc. 
Disintegrative — Hemoglobin. 

rindol  and   other  ethereal    sul- 

Absorptive    {  BiSplgments. 

[  Bile  salts. 
Therapeutic — Drugs,  etc. 

I.  The  Liquor  Sanguinis. — When  obtained  by  centrifugation  or  by 
sedimentation  of  the  corpuscles  under  conditions  which  prevent  coagulation, 
the  liquor  sanguinis,  or  plasma,   is  a  clear,  transparent,   slightly  yellowish. 


'-  Constituents       ( p     ...     . 

nOTmal.^^"      {demonstrable. 


Toxic 


Leukomains 


Protective 
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somewhat  opalescent,  albuminous  fluid  of  faintly  alkaline  reaction.  It  has  a 
specific  gravity  of  1.026  to  1.030.  Plasma  has  a  pronounced  tendency  to 
spontaneous  coagulation,  and  the  coagulation  of  shed  blood  depends,  not 
upon  the  corpuscles,  but  upon  chemic  changes  in  the  plasma — /'.  e.,  the 
transformation  of  certain  fibrin  factors  (fibrinogen  ?)  into  fibrin,  through  the 
agency  of  a  ferment  active  in  the  presence  of  calcium  salts. 

The  composition  of  the  plasma  varies  in  different  portions  of  the  circula- 
tion and  at  different  times.  Thus,  during  the  period  of  digestion,  the 
blood  of  the  portal  vein  contains  more  sugar  and  fat  than  at  other  times, 
and  after  vigorous  exercise  the  blood  going  to  the  kidney  contains  more 
urea  than  that  leaving  it.  The  plasma  also  participates  in  the  gaseous  in- 
terchanges, that  which  has  recently  been  in  the  lungs  being  relatively  rich 
in  oxygen,  while  that  recently  in  the  active  organs  is  relatively  rich  in  carbon 
dioxid. 

In  this  manner  the  composition  of  the  blood  is  extremely  complex  and 
is  constantly  varying  to  accommodate  itself  to  the  conditions  of  metabolism, 
secretion,  excretion,  etc.,  in  different  parts  of  the  body. 

The  necessarily  complex  composition  of  the  liquor  sanguinis  will  be  made 
clear  by  a  glance  at  the  artificial  and  hence  imperfect  tabulation  on  p.  366. 

2.  The  Corpuscles. — Many  histologists  speak  of  the  blood  as  a  tissue, 
and  of  the  suspended  corpuscles  as  its  cells.  While  this  may  be  true  mor- 
phologically, it  is  doubtfully  true  physiologically,  in  that  the  cells  of  the 
blood  are  not  genetic  or  metabolic.  In  other  tissues  the  cells  are  the  essen- 
tial vital  units.  To  their  energies  the  existence  of  the  tissue  is  to  be  ascribed, 
and  in  the  event  of  injury  overtaking  it,  it  is  to  the  same  energy  of  the  cells 
that  it  is  to  look  for  regeneration.  The  blood  corpuscles  have  no  such 
capabilities ;  they  do  not  form  the  blood,  but  are  formed  in  hematopoietic 
organs  and  discharged  into  it ;  they  do  not  regenerate  the  blood,  but  are 
simply  suspended  in  it. 

Three  corpuscles — the  erythrocyte,  the  leukocyte,  and  the  plaque — are 
described.  The  first  is  a  non-metabolic  disc,  solely  intended  for  the  absorp- 
tion and  transmission  of  oxygen  ;  the  second  is  metabolic,  and  probably 
undergoes  definite  metamorphoses  during  part  of  its  life  in  the  circulating 
blood.  The  office  and  importance  of  the  third  cell — the  plaque — are  as  yet 
undetermined. 

PATHOLOGY  OF  THE  BLOOD. 

CHANGES  IN  THE  BLOOD  MASS. 

I.  Plethora. — Plethora  is  an  increase  in  the  total  quantity  of  blood  in 
the  body.  According  to  Foster,  the  amount  of  blood  in  the  animal  is  equal 
to  about  one-thirteenth  of  its  weight.  It  is,  however,  difficult  to  estimate, 
requiring  that  the  body  be  comminuted,  every  drop  of  blood  collected  and 
weighed,  and  then  the  residual  tissues  weighed,  and  the  proportion  worked 
out  from  this.  In  the  absence  of  any  clinical  method  of  determining  the 
total  blood  in  the  living  body,  it  is  an  assumption  to  conclude  that  a  true 
plethora  ever  exists,  and  the  experimental  evidences  indicate  that  it  is  impos- 
sible to  bring  about  a  permanent  increase  in  the  total  quantity  of  blood.  An 
artificial  and  temporary  plethora  can  be  produced  in  cases  of  bloodless  ampu- 
tation, in  which  the  blood  contained  in  the  limb  has  been  driven  into  the 
body  by  means  of  an  Esmarch  bandage  and  also  in  the  transfusion  of  blood 
from  one  animal  to  another.  In  such  artificial  plethoras  it  has  been  deter- 
mined experimentally  that  the  increase  in  the  amount  of  blood  is  only  tem- 
porary, and  not  permanent,  and  the  excessive  fluid  is  soon  eliminated  and  the 
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corpuscles  destroyed.  The  water  is  excreted  in  a  short  time  by  the  urine, 
and  all  the  excessive  or  foreign  corpuscles  disappear  in  a  few  days. 

There  is,  however,  a  certain  body-habit,  characterized  by  a  rosy  hue  of 
the  skin,  distention  of  the  superficial  vessels,  and  a  large  heart,  usually  accom- 
panied by  marked  deposition  of  adipose  tissue,  and  followed  by  disturbances 
of  the  renal  circulation,  in  which  it  seems  probable  that  a  greater  relative 
proportion  of  blood  exists  than  is  normal  to  the  individual.  The  fact  that 
such  a  "  full  habit "  is  apt  to  occur  in  "  high  livers,"  and  especially  in  beer- 
drinkers,  makes  it  still  more  probable  that  there  is  an  increased  quantity  of 
blood  in  the  body.  As  Stengel  points  out,  however,  the  apparent  superabun- 
dance of  blood,  especially  in  the  case  of  the  beer-drinker,  may  be  due  solely 
to  disturbances  of  the  vasomotor  system.  The  full  habit  is  also  apt  to  be  a 
family  or  personal  peculiarity,  under  which  circumstances  it  can  scarcely  be 
called  an  abnormality. 

2.  Oligemia  or  anemia  is  the  opposite  condition,  in  which  the  total 
quantity  of  blood  seems  to  be  less  than  normal.  It  occurs  temporarily  after 
large  hemorrhages,  the  loss  of  blood,  except  when  excessive,  being  readily 
replaced.  It  is  possibly  true  that  persons  of  feeble  habit  have  less  than  the 
normal  or  average  quantity  of  blood,  but  it  is  impossible  to  prove  it.  In  the 
various  cachexias  and  the  profound  anemias  the  appearance  of  the  patient 
suggests  a  marked  diminution  in  the  total  blood  bulk. 

More  important,  from  both  the  clinical  and  the  pathologic  point  of  view, 
than  the  changes  of  the  total  quantity  of  the  blood  are  those  observed  in  its 
various  constituents,  especially  in  the  number  and  kind  of  its  corpuscles  and 
the  amount  of  the  coloring-matter  they  contain. 

CHANGES  IN  THE  RELATION  OF  THE  BLOOD  CONSTITUENTS. 

1.  Oligocythemia  is  a  diminution  in  the  number  of  blood  corpuscles. 
It  is  very  common,  and  forms  the  chief  feature  of  most  of  the  clinical  ane- 
mias. It  may  depend  upon  considerable  or  repeated  loss  of  blood,  infectious 
and  toxic  diseases,  lead,  mercurial,  and  other  intoxications,  wasting  diseases, 
starvation,  bad  hygiene,  insufficient  and  irregular  action  of  the  blood-making 
organs,  and  the  increased  activity  of  the  hemolytic  or  corpuscle-destroying 
function. 

2.  Polycythemia  is  a  term  used  to  describe  an  increase  in  the  number 
of  corpuscles.  By  others  it  is  restricted  to  an  increase  in  the  erythrocytes, 
in  speaking  of  which  we  will  refer  to  it  again.  Polycythemia,  as  a  relative 
increase  in  the  total  number  of  corpuscles,  may  be  seen  in  cholera  and  in 
the  severe  diarrheas,  probably  in  consequence  of  loss  of  fluid  from  the  body. 

3.  Hydremia,  or  dropsy  of  the  blood,  occurs  when  an  abnormal  quan- 
tity of  fluid  is  retained  in  the  blood  from  insufficient  activity  in  the  kidneys 
and  sweat-glands.  It  may  also  occur  after  severe  hemorrhage,  the  result  of 
which  is  to  diminish  the  total  blood  mass,  which  must  be  made  up  as  rapidly 
as  possible  by  the  withdrawal  of  fluid  from  the  tissues  of  the  body. 

When  the  blood  is  so  watery  that  a  given  quantity  of  it  contains  an 
abnormally  diminished  quantity  of  albumin,  the  condition  is  described  as 
hypalbuminosis .  The  albumin  in  the  blood  may  also  be  affected  by  increased 
consumption  of  albumin  or  a  deficient  supply.  Such  a  condition  is  met 
with  in  the  chronic  digestive  disorders,  profuse  diarrheas,  chronic  suppura- 
tion, prolonged  lactation,  profuse  hemorrhages,  kidney  disease,  etc.  It  is 
thought  by  some  to  be  the  starting-point  of  the  essential  anemias.  In 
hydremia  the  amount  of  hemoglobin  in  the  blood  may  be  diminished  from 
the  normal  14  per  cent,  to  8,  6,  or  even  to  3  per  cent.  The  explanation  of 
this  reduction  is  the  oligocythemia. 
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4.  Anhydremia. — Concentration  of  the  blood  occurs  in  cholera,  severe 
diarrheas,  profuse  sweating,  and  other  pathologic  conditions  associated  with 
marked  loss  of  body  fluids.  The  blood  is  said  to  appear  thick,  and  contains 
an  excessive  relative  quantity  of  albumin,  so  that  a  condition  of  hyperalbu- 
minosis  exists. 

5.  Hyperinosis,  an  increased  amount  of  fibrin  in  the  blood,  is  sonie- 
times  seen  in  certain  inflammatory  diseases,  especially  croupous  pneumonia, 
rheumatism,  and  erysipelas. 

6.  Hypinosis,  the  opposite  condition,  in  which  there  is  a  diminution 
of  fibrin  in  the  blood,  is  rarely  seen.  Whether  or  not  the  refusal  to  coagu- 
late depends  upon  the  loss  of  fibrin  factors  has  not  yet  been  settled.  In 
hemophilia  the  blood  refuses  to  coagulate,  hence  the  profuse  hemorrhages 
following  trivial  injury.  The  blood  likewise  refuses  to  coagulate  properly 
in  asphyxia  and  in  poisoning  by  sulphureted  hydrogen,  carbon  dioxid,  and 
some  venoms. 

CHANGES  IN  THE  ERYTHROCYTES. 

The  erythrocytes,  or  red  blood  corpuscles,  are  small,  biconcave  discs, 
measuring  from  7.5  to  8  /x  in  diameter.  They  are  rather  larger  in  the  races 
of"  the  North  than  in  those  of  the  South,  and  show  a  slight  variation  in  size 
in  each  individual.  While  appearing  red  when  seen  en  masse,  they  are  in 
reality  of  a  greenish-amber  color.  Their  substance  is  extremely  elastic ; 
normally  they  are  not  viscid ;  they  possess  considerable  resisting  power,  so 
that  in  spite  of  being  constantly  subjected  to  impacts  upon  one  another  and 
the  walls  of  the  vessels  through  which  they  circulate,  they  are  able  to 
maintain  a  definite  shape,  and  in  man  appear  as  discs  with  rounded  edges 
and  concave  surfaces.  The  erythrocytes  are  not  permanent  cells,  but  are 
probably  short-lived,  and  are  produced  solely  for  the  purpose  of  carrying 
oxygen,  which  forms  a  loose  combination  with  the  hemoglobin,  which  is 
their  essential  constituent.  When  corpuscles  with  marked  peculiarities, 
making  them  easily  recognizable,  such  as  those  of  the  birds  or  reptiles,  are 
introduced  into  mammals,  they  remain  suspended  in  the  circulation  but  a 
few  days  and  then  disappear.  Experiment  shows  that  the  hemolysis  which 
occurs  under  these  conditions  depends  upon  hemolytic  substances  contained 
in  the  blood.     The  life  of  the  erythrocyte  is,  in  all  probability,  short. 

The  origin  of  the  erythrocytes  is  interesting  and  important.  In  the  embryo  the  earliest 
blood-cells  are  produced  outside  of  the  blood,  within  the  angioblastic  cells  of  the  mesodermic 
tract  of  the  vascular  area,  where  the  blood  islands  of  Pander  are  formed.  These  cells  form  a 
network  in  which,  at  certain  nodal  points,  active  proliferation  of  nuclei  takes  place.  Some  of 
the  cells  thus  formed  acquire  protoplasm  and  become  the  endothelial  cells  lining  the  vessels. 
Others  become  converted  into  the  primary  blood  corpuscles.  The  intermediate  tissue  under- 
goes liquefaction  and  forms  the  primitive  plasma  of  the  blood.  The  earliest  blood-cells  differ 
in  appearance  from  the  erythrocytes  as  we  know  them,  and  are  colorless  masses  of  protoplasm 
containing  nuclei  and  manifesting  ameboid  movements.  In  the  course  of  time  the  cells  grad- 
ually acquire  the  discoidal  form  and  characteristic  color.  The  early  blood-cells  of  the  embryo 
multiply  by  karyokinesis  of  the  nucleus.  This,  however,  ceases  long  before  birth,  at  which 
time  very  few,  if  any,  nucleated  erythrocytes  are  found. 

Neumann  thought  that  during  early  embryonal  life  some  of  the  red  blood  corpuscles  devel- 
oped in  the  liver.  About  the  fifth  month  the  spleen  begins  to  produce  corpuscles,  and  shortly 
before  birth  the  bone-marrow  is  active. 

After  birth  erythrocytes  have  to  be  formed  to  replace  those  that  are  constantly  worn  out 
and  destroyed,  as  well  as  to  increase  in  number  commensurate  with  the  growth  of  the  individ- 
ual. The  red  bone-marrow  is  the  great  blood-corpuscle-producing  tissue,  though  corpuscles 
may  be  formed  in  the  spleen  and  elsewhere.  Among  the  more  common  elements  of  this  tissue 
one  can  usually  observe  cells  with  a  strong  resemblance  to  the  embryonal  corpuscle,  being 
distinguished  from  the  ordinary  marrow  cells  by  the  hemoglobin-containing  protoplasm,  smaller 
size,  and  unstable  nuclei.  These  cells  are  often  called  erythroblasts,  and  seem  to  be  transi- 
tional stages  of  'the  red  blood  corpuscles.  When  perfecting  their  development,  the  nuclei  dis- 
appear, and  the  cytoplasm  assumes  the  usual  appearance.  Numerous  observations  seem  to 
indicate  that  the  nucleus  is  extruded  from  the  cell.    Much  uncertainty  attaches  to  the  source  of 
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the  erythroblasts ;  whether  or  not  they  are  descendants  of  the  red  blood  corpuscle  of  the  embryo 
is  unknown.  There  is  good  authority  for  believing  that  erythrocytes  are  also  formed  in  the 
spleen.  It  is  also  commonly  believed  that  the  lymphadenoid  structure  participates  in  the  pro- 
duction of  erythrocytes',  and  the  recent  studies  of  the  hemolymph  glands  by  Warthin  show 
that  they  may  participate  in  corpuscle  production.  The  view  that  they  originate  from  the 
blood  plaques  and  leukocytes  is  untenable.  It  is  important  to  remember  the  histogenesis  of 
the  erythrocytes  in  studying  the  diseases  of  the  blood,  because  it  explains  the  peculiar  appear- 
ances of  many  of  the  abnormal  ei-ythrocytes  encountered  in  tlie  essential  anemias. 

The  destruction  of  red  blood  corpuscles  no  further  useful  to  the  economy- 
seems  to  take  place  chiefly  in  the  liver.  The  process  is  known  as  hemolysis. 
Under  normal  conditions  it  progresses  regularly  and  attracts  no  attention. 
Under  certain  abnormal  conditions,  such  as  extensive  burns  and  poisoning 
by  such  substances  as  potassium  chlorate  and  the  mineral  acids,  it  takes  place 
with  great  rapidity,  a  vastly  abnormal  number  of  corpuscles  being  destroyed. 
Many  of  them  break  up,  others  dissolve,  and  still  others  become  functionless. 
Examination  of  the  blood  soon  after  the  ingestion  of  nitrobenzol,  potassium 
chlorate,  etc.,  will  reveal  indications  of  this  rapid  destruction  of  blood  cor- 
puscles. In  cases  which  are  not  fatal  the  fragments  of  destroyed  corpuscles 
speedily  disappear  from  the  circulation.  If  the  hemolysis  persists,  oligo- 
cythemia necessarily  results. 

1.  Changes  in  the  Size  of  the  Corpuscles. — In  morbid  conditions 
of  the  blood  it  is  very  common  for  the  red  corpuscles  to  vary  in  size.  It 
must  not  be  forgotten  that  under  normal  conditions  the  corpuscles  of  any 
individual  may  vary  between  5  and  8  /i  in  diameter.  When  many  cori^us- 
cles  are  unusually  small,  the  condition  is  sometimes  described  as  microcythemia. 
In  pernicious  anemia  very  large  corpuscles,  described  by  Hayem  as  megalo- 
cytes  or  macrocytes,  measuring  as  much  as  10  or  \\  ii.\t\  diameter,  are  common. 

2.  Changes  in  the  Form  of  the  Corpuscle. — In  pathologic  con- 
ditions, the  red  blood  corpuscles  frequently  become  irregular  and  of  a 
pyriform,  clavate,  cylindric,  crescentic,  or  stellate  shape.  Such  irregular 
cells  have  been  described  sa poikilocytes ,  and  the  condition  in  which  they  are 
found  is  sometimes  spoken  of  as  poikilocytosis.  Ehrlich  is  of  the  opinion 
that  the  irregularity  in  the  shape  of  the  corpuscle  depends  upon  the  split- 
ting-up  of  their  substance  ;  therefore  he  prefers  to  call  them  schizocytes. 

Poikilocytosis  must  be  carefully  differentiated  from  crenation,  which  is  a  very  common 
artefact  met  with  in  blood  examinations.  Crenation  is  a  universal  alteration  in  the  appearance 
of  the  corpuscles,  by  which  they  all  appear  covered  with  minute  projecting  nodules  or  spines. 
Poikilocytosis,  however,  takes  place  within  the  vessels  and  indicates  a  retrograde  condition. 
Crenation  takes  place  outside  the  vessel,  and  indicates  that  the  specimen,  having  been  care- 
lessly prepared  for  examination,  has  been  acted  upon  by  currents  of  air  by  which  the  plasma 
has  become  concentrated  and  of  a  specific  gravity  greater  than  the  delicate  corpuscles  can 
bear,  so  that  its  surface  is  thrown  into  numerous  folds  or  wrinkles.  Crenated  corpuscles  can 
be  prepared  at  will  by  immersion  in  concentrated  salt  solutions,  etc.  In  crenation  all  the  cor- 
puscles appear  equally  affected,  except  possibly  at  the  very  beginning  of  the  change,  and  all 
look  aUke.     Their  appearance  is  sometimes  described  as  that  of  an  unripe  horse-chestnut. 

According  to  Stengel,  in  the  severer  forms  of  anemia  the  erythrocytes- 
are  sometimes  ameboid. 

3.  Changes  in  the  Nuclei  of  the  Corpuscles. — The  red  blood 
corpuscles  of  the  normal  human  being  contain  no  nuclei.  In  very  rare  cases 
one  occasionally  finds  a  nucleated  corpuscle  in  normal  blood,  and  according  to 
Simon  and  others,  free  nuclei  undoubtedly  originating  from  nucleated  cor- 
puscle can  sometimes  be  found.  The  nuclei  are  usually  invisible,  except 
when  the  blood  has  been  stained.  Stengel  has  seen  a  nucleus  escape  from  a 
nucleated  corpuscle  while  under  microscopic  observation.  In  pathologic 
conditions,  and  especially  in  the  essential  anemias,  however,  it  is  quite  char- 
acteristic to  find  numerous  nucleated  erythrocytes  circulating  in  the  blood. 
Their  presence  is  explained  by  assuming  that  they  are  erythroblasts  dis- 
charged into  the  blood  before  having  been  properly  transformed.     There 
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are  three  classes  of  nucleated  red  blood  corpuscles — the  normoblasts,  which 
occur  in  large  numbers  in  the  bone-marrow  of  healthy  persons,  especially 
after  hemorrhage,  and  are  supposed  to  be  young  corpuscles  whose  appear- 
ance in  the  blood  indicates  a  rapid  attempt  at  regeneration  ;  megaloblasts, 
abnormally  large  corpuscles,  measuring  from  9  to  14  //  in  diameter,  and 
sometimes  having  degenerated  protoplasm  containing  a  single  large  nucleus, 
which  stains  a  robin's-egg  color  with  Ehrlich's  triacid  stain,  whose  presence 
seems  to  indicate  loss  of  the  proper  regenerative  power ;  and  microblasts, 
which  are  smaller  than  normal  erythrocytes,  measuring  from  2  to  5  ^  in 
diameter,  whose  significance  is  probably  the  same  as  that  of  the  megalo- 
blasts. Askanazy  has  seen  a  case  of  bothriocephalus  anemia  in  which  the 
blood  contained  megaloblasts  and  no  normoblasts.  The  case  is  said  to  have 
recovered. 

4.  Changes  in  the  Staining  of  the  Corpuscles. — Normal  erythro- 
cytes do  not  stain.  When  dried  and  heated,  they  take  the  acid  stains — /.  e., 
eosin,  etc. — and  become  monochromatophilic.  Erythrocytes  from  the  bone- 
marrow  and  nucleated  erythrocytes  from  cases  of  anemia  are  polychromato- 
philic,  and  take  mixed  colors  with  Ehrlich's  stain. 

5.  Changes  in  the  Hemoglobin. — The  amount  of  hemoglobin  in 
the  blood  is,  of  course,  much  reduced  when  the  corpuscles  are  present  in 
diminished  numbers.  Normally  the  blood  contains  14  parts  in  a  hundred 
of  hemoglobin.     It  equals  40  per  cent,  by  weight  of  the  erythrocytes. 

(a)  Diminution  of  Hemoglobin  (Oligoehromemia). — This  condition  is  common  in 
anemia,  and  forms  the  chief  characteristic  of  chlorosis.  It  may  depend  upon  reduction  in  the 
total  number  of  corpuscles,  or  reduction  in  the  amount  of  hemoglobin  in  each  corpuscle. 
When  the  latter  is  the  case,  an  experienced  observer  can  often  determine  the  condition  by 
examining  the  corpuscles  microscopically,  each  corpuscle  appearing  unusually  pale,  especially 
at  the  center,  so  that  they  often  resemble  rings  rather  than  discs.  Occasionally  in  chlorosis 
corpuscles  will  be  encountered  which  seem  to  be  entirely  without  color.  Ponfick  has  described 
such  cells  as  shadow  corpyscles. 

{i)  The  hemoglobin  may  be  dissolved  in  a  plasma — hemoglobinemla.  Solution  of  the 
hemoglobin  in  the  plasma  is  an  unusual  condition,  and  seems  to  depend  upon  the  rapid  de- 
struction of  the  red  corpuscles  by  injurious  agencies.  It  occurs  in  poisoning  by  venomous 
snakes,  scorpions,  mineral  substances,  such  as  potassium  chlorate,  carbolic  acid,  pyrogallic 
acid,  naphthol,  arsenic,  sulphid  of  antimony,  hydrochloric  acid,  sulphuric  acid,  antifebrin, 
antipyrin,  phenacetin,  sulphonal,  tincture  of  iodin,  mushrooms,  and  vegetables  containing 
poisonous  glucosids.  It  also  occurs  in  infectious  fevers,  and  as  a  result  of  the  hemolysis  fol- 
lowing the  introduction  into  the  circulation  of  hemolytic  serums.  The  corpuscles  are  not 
always  immediately  destroyed  ;  sometimes  the  hemoglobin  seems  to  separate  with  the  forma- 
tion of  droplets  or  granules  in  the  blood  corpuscles.  Ehrlich  has  seen  cases  in  which  the 
hemoglobin  was  condensed  within  the  corpuscle  and  gave  it  a  coarsely  granular  appear- 
ance. This  is  sometimes  seen  in  poisoning  by  phenylhydrazin  and  other  hemolytic -substances. 
Hemoglobinemla  is  almost  always  associated  with  or  followed  by  hemoglobinuria,  the  kidney 
being  the  organ  by  which  the  hemoglobin  is  excreted.  Hemoglobinemla  also  occurs  in  scar- 
latina, malaria  (black-water  fever),  typhoid,  icterus  gravis,  syphilis,  variola  hsemorrhagica, 
scurvy,  extensive  burns,  frost-bite,  and  insolation.  There  are  also  paroxysmal  attacks  of  hemo- 
globinemia  which  follow  exposure  to  cold,  etc.,  in  predisposed  individuals. 

(c)  Changes  in  the  Composition  of  Hemoglobin. — The  hemoglobin  is  not  a  stable  com- 
pound, but  one  that  is  continually  changing  from  oxyhemoglobin  to  reduced  or  simple  hemo- 
globin, to  carbon  dioxid  hemoglobin,  etc.  The  most  common  change  that  takes  place  patho- 
logically is  the  formation  of  undesirable  compounds  with  various  substances  accidentally 
introduced  into  the  blood.  Thus,  in  cases  of  asphyxia  from  the  assumption  of  carbonic  acid 
the  blood  becomes  of  a  dark  color  from  the  formation  of  carbon  dioxid  heino^lobin.  In  car- 
bon monoxid  poisoning  the  blood  is  cherry  red  {carbon  monoxid  hemoglobin) ;  in  potassium 
chlorate  poisoning,  of  a  chocolate  color  [metheinoglobin)  ;  in  sewer-gas  poisoning  it  is  said 
that  the  iDlood  has  a  black  and  inky  appearance.  Hemoglobin  occurs  in  the  form  of  rhombic 
plates  or  crystals  of  a  reddish-brown  color,  and  is  often  found  in  this  form  in  cases  in  which 
hemorrhages  have  been  confined  so  that  the  hemoglobin  has  had  time  to  dissolve  out  of  the 
corpuscles  and  undergo  crystallization.  The  addition  of  acids  and  alkalies  to  hemoglobin 
transforms  it  into  an  iron-containing  pigment  known  as  hevtatin.  This  is  an  amorphous, 
blackish-brown  or  bluish-black  substance.  Hematin,  as  well  as  a  closely  related  pigment 
known  as  hematoidin,  is  sometimes  encountered  in  old  transudates,  in  the  stools  after  hemor- 
rhage, and  after  meals  rich  in  meats.  It  occurs  in  the  urine  in  poisoning  by  arsenic,  and  is 
found  in  the  blood  of  animals  poisoned  with  nitrobenzol.  Acetic  acid  and  salt  solution  con- 
vert oxyhemoglobin  into  a  chlorin  compound  of  hematin  known  as  kemin.    This  is  a  brown 
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crystal  which  usually  has  the  form  of  elongate  plates  of  rhombic  shape.  The  abstraction  o  f 
iron  from  the  salts  of  hemoglobin  by  the  use  of  strong  sulphuric  and  hydrochloric  acids  gives 
origin  to  a  pigment  isomeric  with  bilirubin,  known  as  heinatoporphyr'm.  The  exact  composi- 
tion of  the  salts  and  derivatives  of  hemoglol^in  can  be  determined  by  the  use  of  the  spectroscope. 

6.  Changes  in  the  Number  of  the  Erythrocytes. — The  normal 
number  of  red  corpuscles  in  a  cubic  millimeter  of  blood  is  5,000,000  in 
man,  and  about  4,500,000  in  women.  Healthy  persons  sometimes  have  as 
many  as  6,000,000.     The  new-born  infant  usually  has  about  6,000,000. 

Menstruation,  lactation,  and  childbirth  all  temporarily  diminish  the  num- 
ber of  red  blood  corpuscles.  As  the  sexual  functions  are  established  at 
puberty,  the  liumber  of  erythrocytes  is  temporarily  reduced — sometimes  in 
females,  as  in  chlorosis,  to  a  degree  that  becomes  pathologic.  The  number 
of  erythrocytes  also  undergoes  physiologic  variation,  becoming  increased 
whenever  there  is  temporary  concentration  of  the  blood  and  diminished  in 
hydremic  conditions.  Vasomotor  conditions  may  change  the  number  of 
corpuscles  by  inducing  an  interchange  between  the  blood  and  lymph. 
During  digestion,  after  taking  food,  the  erythrocytes  fall  in  number  while 
the  leukocytes  increase.  This  probably  depends  upon  the  fact  that  consid- 
erable liquid  is  taken  with  the  meal.  The  concentration  of  the  blood  during 
the  fast  temporarily  increases  the  number  of  red  corpuscles.  During  starvation, 
owing  to  the  impoverished  nutrition  which  interferes  with  their  production, 
the  erythrocytes  are  usually  diminished.  The  corpuscles  are  usually  dimin- 
ished from  500,000  to  1,000,000  after  violent  physical  exertion.  In  the 
new-born  infant  for  the  first  few  days  there  are  from  6,000,000  to  8,000,000 
corpuscles  present  in  the  blood.  About  the  third  week  the  number  declines 
to  the  normal.  In  the  very  aged  there  is  apt  to  be  an  increase  in  the  num- 
ber of  red  corpuscles.  In  all  the  anemias  the  number  of  erythrocytes  is 
diminished.  It  may  decline  to  1,000,000  or  less.  Simon  is  of  the  opinion 
that  when  there  are  fewer  than  500,000  corpuscles,  recovery  is  probably  out 
of  the  question.  Quincke  has  seen  a  case  of  pernicious  anemia  in  which, 
just  before  death,  there  were  only  143,000  corpuscles  in  the  blood. 

Diminution  in  the  number  of  red  corpuscles  is  usually  spoken  of  as  oligocythemia,  while 
the  opposite  condition,  with  increase  in  their  number,  is  csW&A polycythemia.  Polycythemia 
occurs  in  the  physiologic  states  already  mentioned,  and  from  a  few  pathologic  conditions,  all 
of  which  are  rather  unusual.  For  example,  there  seems  to  be  a  relation  between  altitude  and 
the  number  of  corpuscles  in  the  blood,  as  if  to  compensate  for  the  rarity  of  the  air  and  pro- 
vide additional  absorbing  surface  for  oxygen.  The  higher  the  altitude,  the  more  marked 
becomes  the  polycythemia,  until,  at  14,000  feet,  8,000,000  corpuscles  are  observed  in  the 
blood.  Polycythemia  is  also  said  to  occur  from  certain  poisonings,  of  which  phosphorus  may 
be  given  as  an  example. 

Regeneration  of  the  Blood. — Animals  regenerate  blood  rapidly. 
Cabot  found  that  more  than  4  per  cent,  of  the  blood  could  be  replaced  in 
thirty  days.  The  loss  of  a  considerable  quantity  of  blood  has  no  deleterious 
effect  upon  the  individual.  The  influence  of  frequent,  considerable-sized 
hemorrhages  does  not  produce  any  anatomic  alteration  or  lead  to  any  per- 
manent anemia. 

The  horses  used  for  the  production  of  diphtheria  antitoxin  are  frequently  bled  six  or  seven 
liters  every  week.  If  a  horse  weighs  1200  pounds,  about  100  pounds  by  weight  consist  of 
blood.  Supposing  the  liter  to  equal  2  pounds,  each  bleeding  of  the  size  given  would  repre- 
sent about  one-tenth  the  total  blood  possessed  by  the  horse.  The  horse  can  stand  the  loss  of 
blood  at  this  rate  for  a  considerable  time,  and  in  my  laboratory  one  horse  has  been  bled  no 
less  than  eighteen  times  in  twenty-four  months,  an  average  of  six  liters  each  time,  without  the 
development  of  any  chronic  anemia  and  without  any  apparent  diminution  of  hemoglobin. 
As  would  naturally  be  expected,  young,  well-nourished  individuals  regenerate  their  blood 
more  rapidly  than  the  old  or  the  feeble. 

It  has  already  been  pointed  out  that  after  hemorrhage  the  rapid  withdrawal 
of  fluid  from  the  tissues  to  replace  the  lost  blood  produces  a  hydremic  condi- 
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tion.  This  thin  blood  contains  less  than  the  normal  percentage  of  hemoglobin, 
and,  of  course,  fewer  erythrocytes  than  normal. 

The  next  change  to  be  observed  is  a  hyperleukocytosis  (see  below). 

In  the  course  of  a  day  or  two  the  regeneration  of  the  erythrocytes 
begins,  and  in  examining  the  blood  one  is  apt  to  find  a  few  poikilocytes, 
some  polychromatophilic  cells,  and  a  good  many  nucleated  leukocytes  of  the 
variety  known  as  normoblasts.  When  normoblasts  are  suddenly  introduced 
into  the  blood  in  large  numbers,  the  condition  is  called  a  blood  crisis. 

The  examination  of  the  blood  after  hemorrhage  is  of  great  clinical  im- 
portance, giving  the  following  information,  as  stated  by  Cabot : 

1.  Whether  or  not  hemorrhage  has  taken  place  ;  if  so,  the  changes  already 
mentioned  in  the  blood  will  be  observed. 

2.  The  extent  of  the  hemorrhage.  Supposing  the  individual  to  have  been 
■well,  the  amount  of  blood  lost  can  be  gauged  with  more  or  less  accuracy  by 
the  percentage  of  hemoglobin  found. 

3.  Whether  operation,  if  necessary,  can  be  performed  immediately. 
Mikulicz  has  established  a  rule  that  when  the  hemoglobin  is  below  30  per 
cent.,  the  patient  is  too  much  reduced  to  endure  operation. 

4.  Whether  transfusion  is  indicated.  If  shock  be  due  to  hemorrhage, 
transfusion  is  immediately  indicated.  If  shock  be  due  to  cerebral  hemor- 
rhage, transfusion  will  do  harm.  The  blood  count,  by  showing  how  much 
blood  has  been  lost,  shows  transfusion  indicated  or  vice  versa. 

5.  When  the  patient  has  recovered  sufficient  blood  to  allow  of  successful 
•operation. 

CHANGES  IN  THE  LEUKOCYTES. 

The  number  of  leukocytes  present  in  the  blood  is  slightly  variable,  averag- 
/  ing  about  7500  in  a  cubic  millimeter.  According  to  Hayem,  there  are 
6000.  Von  Limbeck  finds  8000  to  9000.  Affanassieu  finds  them  present 
in  the  proportion  of  i  to  600  of  the  red,  while  Muir  finds  them  i  to  500  of 
the  red.  Their  number  is  subject  to  considerable  variation  according  to  a 
number  of  physiologic  and  pathologic  conditions.  Ordinarily  there  is  one 
leukocyte  to  every  650  red  corpuscles. 

Origin  of  Leukocytes. — In  the  embryo  the  leukocytes  appear  later  than  the  erythrocytes, 
probably  first  appearing  as  migratory  mesodermal  elements,  which  enter  the  circulation  by 
means  of  their  ameboid  movement.  Beard's  embryologic  studies  of  certain  elasmobranchi- 
ata  (sharks  and  skates)  have  led  him  to  believe  that  the  leukocytes  are  formed  by  metaplasia  of 
the  tonsillar  epithelium  and  that  they  are  really  epiblastic  derivatives.  These  embryologic 
findings  have  been  confirmed,  though  it  is  not  yet  generally  conceded  that  leukocytes  as  we 
know  them  in  post-embryonal  life  are  of  epithelial  and  epiblastic  origin.  In  later  life  there 
seems  to  be  but  little  doubt  that  the  corpuscles  originate  in  the  adenoid  tissues  and  bone- 
marrow.  According  to  Piersol,  the  multiplication  of  existing  leukocytes  takes  place  normally 
and  becomes  extremely  active  under  the  influence  of  pathologic  stimulation.  Virchow  has 
always  regarded  the  multiplication  of  the  connective-tissue  cells  as  an  important  source  of 
leukocytes.  Investigation  has  shown  that  the  lymph  leaving  the  lymphatic  nodes  and  the 
blood  in  the  splenic  vein  contain  more  leukocytes  than  th-;  lymph  entering  the  nodes  and  the 
blood  passing  to  the  spleen.  While  the  majority  of  the  leukocytes  of  the  adult  are  un- 
questionably produced  by  the  lymphoid  tissues,  under  pathologic  conditions  certain  forms  of 
leukocvtes  may  also  be  formed  in  the  bone-marrow. 

Varieties  of  Leukocytes. — Unfortunately,  there  has  not  yet  been 
devised  any  satisfactory  method  of  classifying  leukocytes.  Ordinarily  they 
are  classified  according  to  their  morphology ;  attempts  have  been  made  to 
classify  them  according  to  their  supposed  histogenesis,  and  Ehrlich  has 
classified  them  according  to  the  varieties  of  granules  found  in  their  proto- 
plasm. 

I.  The  Polymorphonuclear  Neutrophils  or  Polynuolear  Leukocytes.— These  cells  con- 
stitute the  great  majority,  and  according  to  most  authorities,  between  60  and  75  per  cent,  of 
the    leukocytes.      They  are  somewhat  larger  than  the  red  blood  corpuscles  (9  ji),  have  a 
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slightly  granular  cytoplasm  in  which  the  appropriate  dyes  used  for  staining  the  blood  reveal  a 
large  number  of  small,  rounded,  neutrophilic  granules.  The  cells  are  ameboid  and  phago- 
cytic, and,  therefore,  of  importance  in  connection  with  the  infectious  diseases,  in  most  of  which 
their  number  is  increased.  They  are  also  migratory  cells,  and  leave  the  blood  vessels  to  enter 
the  tissues  in  acute  inflammatory  conditions,  to  make  up  the  great  bulk  of  the  pus-cells.  The 
nuclei  of  the  cells  are  remarkably  irregular  in  shape.  Some  are  lobed  and  twisted.  Many 
are  shaped  like-the  letters  S,  Z,  E.  No  two  cells  have  nuclei  of  exactly  the  same  shape.  Some 
appear  to  have  several  nuclei,  but  bridges  of  nuclear  substances  can  be  found  connecting  them, 
so  that  the  term  polymorphonuclear  is  more  correct  than  polynuclear.  When  stained  with 
one  of  the  Ehrlich  anilin-dye  preparations,  the  nucleus  assumes  a  deep-blue  or  greenish-blue 
color,  some  portions,  which  probably  contain  more  chromatin  than  others,  being  darker. 

The  granules  of  the  cytoplasm  are  colored  by  neutral  anilin  dyes.  Acid  dyes,  like  eosin, 
and  the  basic  dyes  do  not  affect  them.  With  the  Ehrlich-Biondi  stain,  the  neutrophilic  gran- 
ules are  tinted  purple  or  violet.  They  are  small  and  irregular  in  size  and  shape.  A  high 
power  of  the  microscope  is  necessary  to  define  them.  In  normal  blood  the  neutrophilic  gran- 
ules are  rarely  found  except  in  the  polymorphonuclear  cells.  Occasionally  the  large  lympho- 
cytes contain  a  few,  and  sometimes  they  are  present  in  the  so-called  transitional  leukocytes. 
Neutrophilic  leukocytes  are  found  only  in  man.  According  to  Stengel,  the  neutrophilic  granules 
take  both  the  acid  and  the  neutral  stains. 

'2.  The  Lympliocyte. — The  essential  differential  feature  of  the  lymphocyte  is  the  absence 
of  granules  in  the  cytoplasm. 

(a)  The  small  lymphocyte  is  a  little  larger  than  the  red  blood  corpuscle,  and  consists  of  n 
large  round  nucleus  rich  in  chromatin,  with  a  thin  layer  of  cytoplasm  surrounding  it.  The 
cytoplasm  is  often  invisible  and  is  entirely  free  from  granules  of  any  kind. 

These  cells  comprise  from  20  to  30  per  cent,  of  the  leukocytes,  and  have  an  average  diam- 
•  eter  of  about  8  to  9  fi.  Cabot  believes  that  the  small  leukocyte  is  the  youngest  form  of  color- 
less blood  corpuscle,  and  represents  the  cell  exactly  as  derived  from  the  lymphoid  tissues.  He 
points  out,  however,  that  the  blood  does  not  show  all  the  intermediate  steps  between  it  and 
the  forms  thought  to  be  older, 

{b)  The  Large  Lym.phocyte. — There  is  no  sharp  line  of  distinction  between  this  and  the 
preceding  cell.  The  chief  difference  is  that  it  is  larger  than  the  small  lymphocyte.  There 
are,  however,  other  minor  differences.  Thus,  the  nucleus  of  the  small  lymphocyte  stains  more 
deeply  than  that  of  the  larger  cell.  The  large  lymphocyte  also  contains  relatively  more  cyto- 
plasm, which  is  continually  without  granules.  The  small  lymphocyte  is  not  ameboid  and  not 
phagocytic.  The  large  lymphocyte,  which  is  called  by  Hankin  and  Hardy  the  hyaline  cell, 
and  spoken  of  by  Metschnikoff  as  a  macrophage^  is  both  ameboid  and  phagocytic,  and  may  be 
one  of  the  most  important  phagocytic  cells  of  the  body. 

3.  The  Transitional  Leukocyte. — Certain  of  the  large  lymphocytes,  or  perhaps  more  cor- 
rectly certain  lymphocytes,  more  closely  resembling  the  large  lymphocyte  than  any  other  form 
of  leukocyte,  presenta  peculiar  indentation  of  the  nucleus,  and  sometimes  contain  a  few  neutro- 
philic granules.  These  cells  are  spoken  of  as  transitional  leukocytes,  and  are  looked  upon  as 
corpuscles  in  a  transitional  stage  of  development— intermediate  between  lymphocyte  and 
polymorphonuclear.  Cabot  says — and  rightly — that  this  leukocyte  has  no  more  right  to  be 
called  transitional  than  any  other.     If  one  is  transitional,  all  are  transitional. 

4.  The  Eosinophilic  Leukocyte. — Those  who  adhere  to  the  transitional  theory  of  leuko- 
cyte origin  regard  this  corpuscle  as  the  oldest  form.  It  is  thought  to  be  about  to  disintegrate. 
Cabot  describes  them  as  leukocytes  that  are  "  overripe."  This  opinion  is  based  upon  the  fact 
that  the  eosinophilic  cells  are  less  cohesive  than  the  others.'  These  cells  are  present  in  the  normal 
blood  in  small  numbers,  forming  not  more  than  3  per  cent,  according  to  the  majority  of  ob- 
servers. They  are  cells  of  moderate  size,  usually  measuring  about  12  p.  in  diameter ;  the 
nuclei  are  polymorphic  in  shape,  and  the  cytoplasm  is  characterized  by  the  presence  of  large 
numbers  of  coarse,  spheric  granules,  with  a  marked  affinity  for  acid  anilin  dyes,  especially 
for  eosin  and  acid  fuchsin.  They  are  also  called  oxyphilic  granules  by  Ehrlich,  and  also 
jr-granulations.  In  the  Ehrlich-Biondi  specimens  the  granules  are  of  a  copper  or  burnt-sienna 
color,  some  staining  more  deeply  than  others  in  the  same  cell.  Occasionally  they  stain  black 
with  osmic  acid,  which  has  led  some  observers  to  believe  that  they  are  fatty  in  nature. 

The  granules  appear  evenly  distributed  throughout  the  cytoplasm,  but  seem  to  be  free  to 
move  about  in  it,  and  in  stained  specimens  of  dry  blood-films  they  never  overlie  the  nucleus, 
but  surround  it,  loosely  scattered  in  the  cytoplasm,  This  observation  seems  to  have  been  first 
made  by  Cabot.  In  living  blood  the  eosinophilic  cells  are  ameboid.  It  is  a  question  whether 
or  not  they  are  phagocytic,  but  most  hematologists  beUeve  so..  Some  think  that  the  oxyphilic 
granules  they  contain  consist  of  highly  germicidal  substances  by  which  the  system  copes  with 
infectious  bacteria.  Occasionally,  when  living  blood  is  observed  under  the  microscope,  gran- 
ules are  seen  to  escape  from  the  cytoplasm  and  float  away.  According  to  Sangree,  the  escaped 
granules  are  motile.  The  eosinophilic  cells  are  usually  a  little  smaller  than  the  neutrophiles, 
and  are  less  regular  in  shape.  The  nucleus  of  the  former  is  usually  pale,  and  in  Ehrlich-Biondi 
specimens  assumes  a  robins-egg  color  and  homogeneous  staining. 

5.  Basophilic  Leukocytes. — These  have  been  called  by  some  "  mastzellen,"  or  musting  or 
feeding  cells.  They  are  present  in  the  blood  only  in  rare  instances.  According  to  Cannon, 
they  are  never  present  in  the  blood  in  health,  except  in  children.  Coles  never  met  with  a  true 
"  mastzelle  "  in  the  blood  in  health  or  disease.  Cabot  states  that  they  do  not  occur  in  normal 
Mood.     In  leukemia  they  are  said  not  to  be  uncommon.     The  basophilic  cells  stain  well  with 
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basic  anilin  dyes,  such  as  methylene-blue  and  dahlia.  The  cells  are  thought,  by  a  majority  of 
students,  to  be  derived  from  the  connective  tissues.  They  are  large  cells  whose  cytoplasm  is 
densely  packed  with  granules,  the  y-granulations  of  Ehrlich,  which  are  rather  coarse  and  ob- 
scure the  nucleus.  It  is  thought  by  some  that  these  cells  cannot  pass  through  the  terminal 
capillaries. 

6.  The  Myelocyte. — The  myelocyte  has  no  normal  existence  in  the  blood.  It  is  a  large 
cell,  often  six  or  seven  times  the  diameter  of  an  erythrocyte,  but  usually  somewhat  smaller, 
and,  according  to  Cabot,  has  an  average  diameter  of  50.7S  fi.  It  is  found  in  the  blood  in  in- 
toxication, in  starvation,  and  in  the  primary  anemias.  In  large  numbers  it  characterizes  the 
disease  known  as  leukemia.  The  cell  can  be  recognized  only  when  properly  stained.  It  is  a 
regularly  rounded  or  oval  cell,  of  large  size,  containing  a  single — rarely  two — oval,  homoge- 
ne'ous,  robin's-egg  color  nucleus,  and  a  moderate  amount  of  cytoplasm  with  large  numbers  of 
neutrophilic  granules.  It  differs  from  the  large  lymphocyte  essentially  by  the  presence  of  its 
granules,  and  from  the  polymorphonuclear  leukocyte  by  its  single  rounded  nucleus  and  larger 
size.  It  exactly  resembles  cells  which  are  normally  found  in  the  bone-marrow,  and  it  is  com- 
monly believed  that  it  enters  the  blood  from  the  bone-marrow.  Cabot,  however,  who  adheres 
strongly  to  the  transitional  theory  of  leukocytic  development,  regards  this  corpuscle  as  an 
intermediate  stage  between  the  large  lymphocyte  and  polymorphonticlear  leukocyte. 

The  chief  variations  in  number  affect  the  polymorphonuclear  and  eosinophile  leukocytes. 
The  former  of  these  is  subject  to  variations  depending  upon  conditions  to  which  attention 
will  be  called  when  we  come  to  consider  leukocytosis.  The  variation  in  the  number  of 
eosinophiles  is  not  so  clearly  understood. 

Leukocytosis. — When  the  leukocytes  are  increased  in  number,  the 
condition  is  usually  described  as  leukocytosis.  It  would,  however,  be  more 
nearly  correct  to  speak  of  the  condition  as  hyperleukocytosis.  Cabot  says  it 
is  "an  increase  in  the  number  of  leukocytes  in  the  peripheral  blood  over  the 
number  normal  in  the  individual  case  ;  this  increase,  never  involving  a  dimi- 
nution in  the  polymorphonuclear  varieties,  but  generally  a  marked,  absolute, 
and  relative  gain  over  the  number  previously  present. ' '  Hyperleukocytosis 
may  be  of  two  varieties — the  ordinary  leukocytosis,  in  which  the  polymorpho- 
nuclear cells  are  increased  in  number,  and  lymphocytosis,  in  which  the  lympho- 
cytes are  increased  in  number ;  the  latter  condition  is  essentially  pathologic. 
The  opposite  condition,  in  which  the  leukocytes  are  decreased  in  number,  i& 
described  as  hypoleukocytosis  or  leukopenia.  Inasmuch  as  different  authorities 
are  not  in  accord  concerning  the  number  of  leukocytes  normally  present  in  the 
blood,  it  is  difficult  to  define  exactly  what  number  of  corpuscles  will  constitute  a 
hyperleukocytosis.  Stengel  advises  that  when  the  number  of  leukocytes  shall 
exceed  10,000  per  mm.,  it  is  to  be  so  regarded.  In  moderate  hyperleuko- 
cytosis 20,000  to  30,000  may  be  observed ;  in  marked  hyperleukocytosis 
40,000  to  50,000  are  observed.  In  distinctly  pathologic  conditions  the 
number  of  leukocytes  may  increase  to  several  millions.  Hyperleukocytosis 
may  be  physiologic  or  pathologic. 

{a)  Physiologic  hyperleukocytosis  occurs  under  conditions  that  must  be 
regarded  as  normal  or  on  the  border-line  between  the  normal  and  the  ab- 
normal. 

1.  Leukocytosis  of  the  New-born. — At  birth  an  infant  has  in  the  neighborhood  of  6,000,- 
000  erythrocytes  in  the  blood,  and  with  this  a  number  of  leukocytes  varying  from  15,000  to 
35,000  per  c.mm.  At  six  months  the  number  is  reduced,  but  the  normal  standard  is  not 
reached  until  the  second,  sometimes  not  until  the  sixth,  year.  Hayem  found  a  new-born  infant 
to  have  18,000  leukocytes ;  at  the  end  of  the  first  month,  8000;  from  the  first  month  to  the 
fourth  year,  6000 ;  adults,  5000.  Cabot  finds  the  normal  standard  for  the  adult  7500  leuko- 
cytes. The  new-born  infant  he  finds  to  have  from  17,000  to  36,000  leukocytes  ;  at  six  months 
he  gives  12,000  as  the  number,  and  asserts  that  the  normal  standard  is  not  reached  for  several 
years.  According  to  Rieder.  the  mononuclear  leukocytes  or  lymphocytes  predominate.  Various 
theories  have  been  offered  to  explain  the  condition — probably  it  depends  upon  the  continuous 
and  protracted  digestive  efforts  of  infancy.  By  some  it  is  thought  that  it  is  caused  by  inspissa- 
tion  of  the  blood. 

2.  Leukocytosis  of  Digestion. — Total  abstinence  from  food  lowers  the  number  of  leuko- 
cytes in  the  blood.  In  the  blood  of  professional  fasters,  among  whom  the  Italian,  Succi,  has 
been  studied,  the  number  of  leukocytes  in  the  first  week's  fast  descended  to  861  per  c.mm. 
After  the  first  week  it  rose  to  1530  and  remained  there  throughout  the  rest  of  the  thirty  days' 
abstinence. 

The  hyperleukocytosis  of  digestion  is  not  invariable,  but  occurs  with  such  regularity  and 
so  modifies  the  actual  condition  of  the  blood  that  Stengel  has  suggested  that  blood  counts  be' 
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made  as  nearly  as  possible  in  the  hours  just  preceding  the  midday  meal,  and  every  blood 
count  be  accompanied  by  accurate  data  as  to  the  time  of  the  last  meal,  the  kind  of  food 
consumed,  and  any  peculiarity  in  the  quality  of  the  food  last  taken  by  the  patient. 

The  maximum  hyperleukocytosis  is  reached  in  three  or  four  hours  after  eating,  and  disap- 
pears within  six  or  eight  hours  afterward.  Proteid  foods  are  most  marked  in  their  effect  upon 
the  number  of  corpuscles  in  the  blood. 

In  cases  where  abstinence  is  asserted  and  malingering  suspected,  an  examination  of  the 
blood  will  often  make  clear  the  nature  of  the  case.  After  a  meal  rich  in  proteid  foods,  10,000 
leukocytes  may  perhaps  be  considered  an  average  for  a  healthy  person.  Cabot  found  that 
when  the  number  of  leukocytes  present  in  the  blood  before  the  meal  was  small,  the  subsequent 
increase  in  number  does  not  exceed  7000  leukocytes.  Any  disease  of  the  gastro-intestinal 
apparatus  may  modify  or  prevent  the  occurrence  of  the  hypoleukocytosis  of  digestion.  Thus, 
according  to  Miiller,  it  is  constantly  absent  in  carcinoma  of  the  stomach.  In  anemia  and 
debilitated  conditions  no  hyperleukocytosis  follows  the  ingestion  of  food.  The  more  unusual 
the  food  taken  by  the  individual,  the  more  marked  the  hyperleukocytosis  that  follows.  In  the 
hyperleukocytosis  of  digestion  the  relative  proportion  of  the  different  leukocytes  is  not 
altered,  with  the  possible  exception  that  the  eosinophilic  cells  are  sometimes  diminished  in 
number. 

3.  Hyperleukocytosis  of  Pregnancy.— This  occurs,  as  a  rule,  in  the  later  months  of 
pregnancy,  and  is  not  invariably  present.  It  is  of  no  use  as  a  diagnostic  sign  of  the  condition 
because  of  the  irregularity  of  its  occurrence.  The  cells  increase  to  about  13,000,  and  with  the 
beginning  of  labor  may  ascend  to  15,000  or  18,000.  The  cause  of  this  form  of  hyperleukocy- 
tosis is  unknown. 

4.  Hyperleukocytosis  of  the  Fostpaxtum  State. — It  is  important  to  remember  that 
such  a  condition  takes  place,  lest  it  be  mistaken  for  a  sign  of  septic  infection  or  concealed 
hemorrhage.  Cabot  gives  15,000  cells  as  an  average  count  during  the  first  week.  Sometimes, 
however,  the  cells  ascend  to  35,000. 

5.  Hyperleukocytosis  Resulting  ftom  Exercise,  Massage,  and  Baths.— All  these  con- 
ditions increase  the  number  of  leukocytes  in  the  blood.  Thayer  counted  the  leukocytes  of 
his  own  blood  and  found  them  markedly  increased  after  a  cold  bath.  Counting  the  leukocytes 
of  a  typhoid  patient  immediately  after  a  Brand  bath,  he  found  that  they  had  ascended  from 

-7724  to  13,170.  The  leukocytosis  resulting  from  exercise  is  given  by  Cabot  at  from  11,000  to 
13,000  cells. 

6.  Agonal  Hyperleukocytosis. — This  is  leukocytosis  of  the  moribund  condition.  It  is 
not  present  in  all  cases,  but  is  more  common  where  death  takes  place  slowly.  Cabot  found  it 
very  marked  in  cases  of  pernicious  anemia,  where  the  corpuscles  counted  on  the  day  of  the 
patient's  death  were  one  white  for  every  fifteen  red.  The  chief  increase  is  in  the  polymorpho- 
nuclear cells.  Stengel  thinks  this  form  of  hyperleukocytosis  depends  upon  the  reduction  of 
blood-pressure  by  which  the  discharge  of  leukocytes  from  the  lymphatic  organs  into  the  circu- 
lation is  permitted.  I^lexner's  investigations  upon  the  terminal  infections  must  not  be  forgotten 
in  this  connection,  and  many  of  the  agonal  hyperleukocytoses  depend  upon  terminal  infection. 

(J))  Pathologic  hyperleukocytosis  takes  place  under  purely  abnor- 
mal conditions. 

1.  Posthemorrhagic  Hyperleukocytosis. — Within  a  short  time  after  the 
occurrence  of  a  considerable  hemorrhage  the  number  of  corpuscles  in  the 
blood  is  subject  to  a  marked  increase — 15,000  cells  is  not  unusual ;  16,000 
to  18,000  cells  have  been  noted. 

It  is  said  that  in  gastric  hemorrhage  this  hyperleukocytosis  disappears 
within  a  day  or  two,  but  in  ordinary  traumatic  hemorrhage  it  may  persist 
longer.     According  to  Stengel,  the  lymphocytes  may  be  strikingly  increased. 

2.  Hyperleulcocytosis  of  Infection. — The  extent  of  the  hyperleukocy- 
tosis seen  in  infection  and  inflammation  will  depend  upon  the  extent  and 
severity  of  the  lesion.  Croupous  pneumonia  shows  the  most  marked  in- 
crease in  the  number  of  cells,  which  increase  to  from  45,000  to  114,000 
per  c.mm.  In  suppurative  lesions  there  is  marked  increase,  and  in  cases  of 
suppurative  appendicitis  Stengel  has  counted  from  15,000  to  40,000  cells. 
No  direct  connection  seems  to  exist  between  hyperleukocytosis  and  fever. 
Acute,  rapidly  spreading  inflammatory  conditions,  except  in  cases  of  ab- 
scess, well  isolated  by  encapsulating  walls,  usually  show  the  most  marked 
increase  in  the  number  of  leukocytes.  It  is  said  the  inflammatory  hyper- 
leukocytosis is  preceded  by  a  temporary  hypoleukocytosis.  Moderate  hyper- 
leukocytosis has  been  found  in  acute  rheumatism,  diphtheria,  variola,  scarla- 
tina, anthrax,  and  occasionally  in  measles.  In  small-pox  the  hyperleukocy- 
tosis is  usually  in  direct  proportion  to  the  severity  of  the  eruption. 
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3.  Hyperleukocytosis  of  Intoxication.— This  form  of  hyperleukocytosis 
occurs  in  poisoning  by  illuminating-gas,  quinin,  during  etherization,  and 
in  such  diseases  as  gout  and  acute  yellow  atrophy  of  the  liver.  It  is  difficult 
to  differentiate  from  the  therapeutic  and  infectious  hyperleukocytosis. 

4.  Hyperleukocytosis  of  Malignant  Disease,— If  we  regard  sarcoma  and 
carcinoma  as  infectious  diseases,  the  hyperleukocytosis  accompanying  them 
must  properly  be  classified  as  infectious.  In  the  absence  of  any  proof 
of  the  infectious  nature  of  the  disease,  however,  it  is  well  to  make  a  separate 
group  for  them.  The  most  marked  hyperleukocytosis  occurs  in  sarcoma, 
in  which  the  number  of  white  corpuscles  may  increase  to  50,000  or  more. 
The  lymphocytes  and  other  mononuclear  elements  are  conspicuous,  and 
often  the  eosinophiles  are  greatly  increased.  The  cause  of  the  leukocytosis 
is  unknown ;  some  think  it  dependent  upon  the  absorption  of  poisonous 
products  from  the  tumor. 

5.  Hyperleukocytosis  of  Marasmus.— The  hyperleukocytosis  accompany- 
ing the  cachexia  of  carcinoma  has  been  mentioned  in  the  preceding  para- 
graph. Other  conditions,  however,  such  as  congenital  syphilis  and  rachitis, 
are  also  sometimes  accompanied  by  pronounced  increase  in  the  number  of 
leukocytes  in  the  blood — indeed,  sometimes  so  pronounced  as  to  suggest 
leukemia.  Some  of  these  conditions  are  akin  to  the  infectious  diseases,  but 
the  leukocytosis  differs  from  that  of  infection. 

6.  Experimental  and  Therapeutic  Hyperleukocytosis. — When  injected 
hypodermically  or  administered  by  the  mouth,  pilocarpin,  oil  of  turpentine, 
oil  of  cinnamon,  oil  of  peppermint,  tuberculin,  camphor,  urea,  extracts  of 
the  spleen,  thymus  gland,  and  bone-marrow  cause  marked  hyperleukocy- 
tosis. Tonics  and  stomachics,  especially  tincture  of  gentian,  have  a  slight 
effect  in  increasing  the  leukocytes.  Camphor  has  also  a  pronounced  effect. 
Intravenous  and  subcutaneous  injections  of  hemialbumose,  peptone,  pepsin, 
nucleinic  acid,  nuclein,  pyocyanin,  curare,  and  uric  acid  also  are  followed 
by  increase  in  the  number  of  leukocytes.  Goldschneider  and  Jacob  found 
that  the  extract  of  pancreas,  thyroid,  kidney,  and  liver  would  not  produce 
increase  in  the  number  of  leukocytes. 

Bacterial  poisons,  when  given  in  fatal  doses,  reduce  the  number  of  leuko- 
cytes. When  the  dose  is  insufficient  to  cause  the  death  of  the  animal,  there 
is  a  primary  reduction,  followed  by  increase  in  the  number  of  leukocytes. 
When  animals  have  been  immunized  to  bacterial  poison,  an  injection  of  it 
produces  no  change  in  the  number  of  leukocytes  in  the  blood. 

7.  Leukemia. — In  this  disease  the  most  marked  hyperleukocytosis  takes 
place.  The  leukocytes  may  be  one  to  ten,  one  to  five,  or  one  to  one,  and, 
according  to  Osier,  may  even  in  exceptional  cases  outnumber  the  red  cor- 
jmscles.   ■ 

The  origin  of  the  leukocytes  in  hyperleukocytosis  is  by  no  means  clear.  Virchow  was  of 
the  opinion  that  the  leukocytes  increased  in  number  because  of  stimulation  of  the  blood- 
making  organs,  that  the  leukocytes  transformed  themselves  into  erythrocytes,  and  that  in 
hyperleukocytosis  there  was  a  retarded  transformation  of  the  white  corpuscles  into  the 
red.  Lowit  and  others  are  of  the  opinion  that  the  increased  number  of  leukocytes  depends 
upon  the  regenerative  effort  following  destruction  of  preexistent  leukocytes.  These  ob- 
servers find  hyperleukocytosis  to  be  preceded  by  hypoleukocytosis.  This  is  not,  however, 
always  the  case.  Many  observers,  among  whom  is  Buchner,  think  that  micro-organismal 
products  and  metabolic  products  with  chemotactic  effects  are  the  cause  of  hyperleukocytosis, 
so  that  the  increase  in  the  number  of  leukocytes  in  the  circulating  blood  is  the  result  of  an 
attractive  influence  exerted  upon  the  free  leukocytes  within  the  blood-making  organs.  Ehrlich 
"has  observed  the  bone-marrow  to  be  unusually  active,  converting  mononuclear  cells  of  the 
marrow  into  polymorphonuclear  leukocytes.  Schultz  originated  the  theory  of  disturbed  dis- 
tribution, having  been  led  to  conclude  that  the  increased  number  of  leukocytes  in  the  periph- 
eral circulation  occurred  simultaneously  with  a  corresponding  diminution  in  the  central 
circulation.  Von  Limbeck  looks  upon  leukocytosis  as  of  chemotactic  origin,  and  points  to 
the  close  relationship  existing  between  hyperleukocytosis  and  inflammatory  exudation.     Prob- 
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ably  the  most  widely  accepted  theory  of  the  present  time  is  that  of  Goldschneider  and  Jacob, 
who  followed  the  footsteps  of  Buchner  and  others,  and  found  that  injections  of  bacterial  prod- 
ucts resulted  in  a  preliminary  hypoleukocytosis  followed  by  hyperleukocytosis.  The  more 
powerful  the  influence  upon  the  leukocytes,  the  more  marked  the  hyperleukocytosis.  The 
operation  is  twofold,  the  leukocytes  at  first  being  repelled  and  collecting  in  the  capillaries, 
particularly  in  the  lung,  and,  secondly,  an  attractive  force  exerted  upon  the  blood-making 
organs  and  leading  to  an  increased  output  of  leukocytes  already  formed  or  perhaps  also  a 
new  formation  of  leukocytes. 

Schultz  was  probably  correct  about  the  disturbance  of  distribution  of  the  leukocytes,  as 
the  leukocytes  which  disappear  from  the  peripheral  circulation  collect  in  the  capillaries  of  the 
lung,  etc.  There  is  no  reason  to  believe  that  the  increase  in  the  number  of  leukocytes  depends 
■upon  any  marked  efforts  at  leukocytic  karyokinesis.  While  it  is  true  that  Fleming  and  others 
have  occasionally  found  mitotic  leukocytes  in  the  circulating  blood,  their  occurrence  there  is 
very  unusual. 

Hypoleukocytosis  or  leukopenia  indicates  a  diminution  in  the  num- 
ter  of  white  blood  corpuscles  in  the  peripheral  circulation  as  compared  with 
the  number  normal  for  the  given  individual.  We  meet  with  the  same  diffi- 
culty when  considering  hypoleukocytosis  that  confronted  us  in  connection 
with  hyperleukocytosis — that  is,  the  establishment  of  a  standard  by  which  to 
judge  the  variation  from  the  normal.  Stengel  suggests  that  all  cases  in  which 
the  leukocytes  are  below  6000  in  number  be  regarded  as  hypoleukocytosis. 
The  cause  of  hypoleukocytosis  is  usually  thought  to  be  what  Lowit  describes 
as  leukolysis,  or  destruction  of  leukocytes.  The  condition  is  seen  in  starva- 
tion, baths  which,  because  of  their  high  temperature  or  prolonged  duration, 
become  exhausting,  in  pernicious  anemia,  and  in  certain  of  the  infectious 
diseases.  The  hypoleukocytosis  of  the  infectious  diseases  is  very  important 
for  consideration,  because  the  rule  is  that  infection  shall  be  accompanied  by 
hyperleukocytosis.  Hypoleukocytosis  is,  however,  the  rule  in  influenza, 
measles,  miliary  tuberculosis,  malaria,  and  typhoid  fever,  in  the  later  weeks 
of  which  it  is  invariable  and  accompanied  by  lymphocytosis.  In  rare 
cases  croupous  pneumonia  exhibits  hypoleukocytosis  instead  of  the  usual 
hyperleukocytosis.  Under  such  circumstances  the  prognosis  is  usually  bad. 
Stockton  has  reported  a  case  of  a  child  suffering  from  croupous  pneumonia 
with  relapse  in  which  there  was  hypoleukocytosis.     The  case  recovered. 

Lymphocytosis. — Upon  several  occasions  it  has  been  necessary  to 
state  that  the  lymphocytes  were  increased  in  conditions  of  hyperleukocytosis, 
and  to  distinguish  between  lymphocytosis  and  leukocytosis,  the  former  of 
which  conditions  has  to  do  with  the  polymorphonuclear  cells,  the  latter  with 
the  lymphocytes.     Lymphocytosis  occurs  in  the  following  conditions  : 

In  infancy  as  a  normal  condition  ;  in  marasmatic  affections,  such  as  rickets, 
hereditary  syphilis,  and  scurvy ;  in  the  anemias,  especially  chlorosis,  perni- 
cious anemia,  the  anemia  of  syphilis,  the  later  weeks  of  typhoid  fever,  and 
in  lactation ;  in  hemophilia ;  in  strumous  affections,  such  as  goiter,  exoph- 
thalmic goiter,  cervical  adenitis ;  after  taking  thyroid  extract,  and  in  cer- 
tain tumors,  especially  of  the  spleen,  and  in  certain  irregular  cases,  especially 
those  associated  with  ague-cake ;  at  the  end  of  scarlatina,  pneumonia  with 
delayed  resolution,  measles,  phthisis,  and  the  non-suppurative  cases  of  small- 
pox. 

Eosinophilia,  or  increase  in  the  percentage  of  eosinophilic  corpuscles 
in  the  ■  circulating  blood,  may  occur  with  or  without  an  increase  in  the  total 
number  of  leukocytes.  Leukemia  is  usually  associated  with  some  increase 
in  the  eosinophilic  cells — according  to  Gabot,  from  i  to  3  per  cent.  Infants 
have  a  larger  proportion  of  eosinophilic  cells  than  adults. 

Sarcoma,  leukemia,  osteomalacia,  pemphigus,  pellagra,  diseases  of  the 
ovaries,  prostatitis,  gonorrhea,  ovarian  tumor,  puerperal  mania,  disturbances 
of  the  sympathetic  system,  and  exophthalmic  goiter  are  said  by  various 
authorities  to  be  accompanied  by  increase  in  the  number  of  eosinophilic 
cells. 
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Parasitic  diseases,  such  as  ankylostomiasis  and  trichiniasis,  are  accom- 
panied by  increase  in  the  number  of  eosinophilic  cells.  In  3  cases  of  trich- 
iniasis studied  by  Thayer  there  was  an  enormous  increase  in  the  number 
of  eosinophilic  cells — 45.2  per  cent.  Brown  observed  2  cases  of  trichini- 
asis in  which,  with  4,200,000  erythrocytes,  there  was  37  per  cent,  of 
eosinophilic  cells,  which  gradually  declined  10  to  15  per  cent,  and  then 
gradually  ascended  for  three  weeks,  reached  68.2  per  cent.,  the  highest  per- 
centage of  eosinophilic  cells  ever  recorded  ;  two-thirds  of  all  the  leukocytes 
were  of  the  eosinophilic  variety.  The  three  important  features  of  these 
cases  are  the  marked  increase  in  the  number  of  eosinophilic  cells,  the  coin- 
cident fall  of  the  neutrophilic  cells,  and  the  marked  leukocytosis.  In 
malaria  with  high  fever  the  number  of  eosinophilic  cells  is  apt  to  be  in- 
creased. 

Eosinophilia  is  always  present  in  gout,  bronchial  asthma,  uremia,  oxa- 
luria,  epilepsy,  etc.  According  to  Cabot,  the  eosinophilic  cells  diminish  in 
number  during  digestion,  after  castration,  in  the  febrile  stages  of  influenza, 
pneumonia,  typhoid,  diphtheria,  and  most  of  the  infectious  diseases  accom- 
panied by  hyperleukocytosis.  Malignant  disease  and  hemorrhage  also  di- 
minish the  number  of  eosinophilic  cells. 

Myelocytosis. — Myelocytes  are  always  of  pathologic  significance. 
Small  numbers  of  them  may  occur  in  the  blood  in  uremia,  CO.^-poisoning, 
diabetes,  syphilis,  sarcoma,-  and  in  a  variety  of  other  infections.  They  are 
of  almost  invariable  occurrence  in  all  the  grave  forms  of  anemia,  and  occur 
in  large  numbers  in  leukemia  and  in  moderate  numbers  in  pernicious  anemia. 
In  one  disease,  leukemia,  they  may  form  the  bulk  of  the  leukocytic  element 
of  the  blood,  and  be  present  in  such  numbers  as  entirely  to  outweigh  other 
forms. 

Hyperinosis. — This  term  is  used  to  signify  an  increase  of  fibrin  factors 
in  the  blood.  As  is  well  known,  fibrin  does  not  exist  as  such  in  the  circu- 
lating blood,  but  under  various  pathologic  conditions  is  formed  by  the  union 
of  fibrin  ferments,  probably  derived  from  the  leukocytes  and  fibrin  factors, 
of  which  fibrinogen  and  fibrinoplastin  are  the  most  important.  Hyperinosis, 
therefore,  really  signifies  increase  in  the  amount  of  fibrin  factors  in  the  blood. 
The  presence  or  absence  of  calcium  salts  may  also  be  of  importance  in  this 
connection.  Schmidt,  having  shown  that  for  the;  formation  of  fibrin  the 
union  of  fibrinogen  and  a  ferment,  of  which  he  describes  prothrombin  and 
zymoplastin  as  derived  from  destroyed  leukocytes,  is  insufficient  to  bring 
about  the  formation  of  fibrin  except  when  calcium  salts  are  present.  Cabot 
says  the  amount  of  fibrin  formed  in  the  blood  can  be  taken  more  or  less  as 
an  index  of  the  condition  in  which  the  patient  found  himself  when  the  blood 
was  secured.  Both  the  quantity  of  fibrin  formed  and  the  rapidity  of  its  for- 
mation are  facts  of  importance  for  observation  and  study. 

As  a  rule,  one  can  say  that  the  fibrin  factors  are  increased  in  those  condi- 
tions in  which  the  leukocytes  are  increased  in  number.  This  would  seem  to 
indicate  that  were  the  fibrin  factors  not  increased,  the  fibrin  ferment,  if 
derived  from  the  leukocytes,  might  be  capable  of  producing  an  unusual 
amount  of  fibrin  with  unusual  rapidity.  The  toxic  products  of  certain  bac- 
teria also  have  a  strong  potency  as  fibrin  ferments  ;  especially  is  this  true  of 
the  products  of  diphtheria  and  pneumonia.  Whether,  however,  the  increased 
amount  of  fibrin  in  the  blood  in  the  latter  affection  has  anything  to  do  with 
the  micro-organism  is  difficult  to  prove,  because  of  the  marked  hyperleuko- 
cytosis which  characterizes  the  disease.  Fibrin  is  generally  increased  in  the 
infectious  diseases,  and  especially  in  the  inflammatory  diseases.  The  most 
marked  increase  is  seen  in  pneumonia,  acute  articular  rheumatism,  suppura- 
tion, and  in  scorbutus.     In  miliary  tuberculosis  and  the  early  stages  of  influ- 
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enza  it  is  diminished.    Fibrin  is  also  diminished  in  those  conditions  in  which 
the  blood  shows  hydremia.     Especially  is  this  true  of  pernicious  anemia. 

In  the  symptomatic  anemias  and  in  leukemia  the  amount  of  fibrin  is  not 
altered.  Cabot  points  out  that  the  absence  of  hyperinosis  in  malignant 
disease  is  of  importance  as  a  differential  point  between  it  and  suppurative 
affections.  The  formation  of  fibrin  is* delayed  to  an  unusual  period  in  hemo- 
philia. Indeed,  in  some  cases  of  this  disease  it  would  seem  as  if  no  fibrin 
was  formed. 

The  Blood  Plaques. — These  appear  as  circular  discs  somewhat  resembling  erythrocytes,  but 
much  smaller.  They  are  colorless  and  devoid  of  the  characteristic  double  concavity.  The  size 
is  somewhat  variable — rarely  above  3  iu.  in  diameter,  often  much  less.  They  are  peculiarly  viscid 
in  nature,  and  in  drawn  blood  unite  in  clusters  or  agglutinations,  which  are  prone  to  adhere  to 
the  erythrocytes  or  leukocytes.  Their  number  has  been  variously  estimated  by  different  ob- 
servers at  from  150,000  to  250,000  per  c.mm.  A  few  authorities  have  even  counted  as  many 
as  500,000  per  c.mm.  Many  theories  as  to  their  origin  and  function  have  been  suggested, 
some,  as  Lowit,  regarding  them  as  artefacts,  others,  as  Hayem,  looking  upon  them  as  hemato- 
blasts  or  red  blood-corpuscle  formers.  They  stain  readily  with  anilin  dyes,  giving  an  ampho- 
philic reaction.  Methylene-blue  colors  them  quite  well.  They  seem  to  play  no  important  role 
in  pathologic  conditions,  but  are  somewhat  reduced  in  number  in  febrile  affections.  It  is  also 
said  that  they  are  of  importance  in  connection  with  the  formation  of  thrombi. 

Lipemia. — Many  have  observed  small  free  granules,  spheric  in  shape  and  colorless, 
floating  among  the  corpuscles.  They  have  been  variously  looked  upon  as  micro-organisms, 
granules  escaped  from  leukocytes,  animal  parasites,  and  foreign  matter.  The  granules  very 
frequently  stain  with  osmic  acid,  and,  therefore,  are  strongly  suggestive  of  fat.  Von  Jaksch 
asserts  that  the  blood  always  contains  small  quantities  df  fat,  especially  during  digestion. 
Grawitz  found  fat  rising  to  the  surface  of  blood  contained  in  capillary  tubes,  like  cream  upon 
milk.  It  is  possible  for  globules  of  fat  to  enter  the  drop  of  drawn  blood  from  the  skin,  but 
the  amount  found  is  at  times  sufficient  to  make  certain  that  it  preexisted  in  the  circulating  blood. 
According  to  Cabot,  fatty  globules  are  of  frequent  occurrence  in  phthisis,  diabetes  mellitus, 
obesity,  alcoholism,  nephritis,  and  occasionally  in  health.  Considerable  quantities  of  fat,  suffi- 
cient to  occasion  embolism,  occasionally  gain  entrance  to  the  blood  in  the  case  of  fracture  of 
the  shaft  of  long  bones. 

Melanemia. — The  presence  of  pigment  in  the  blood  takes  place  most  commonly  in  chronic 
malaria.  It  is  chiefly  to  be  seen  during  or  shortly  after  a  paroxysm.  Free  pigment  is  found 
only  at  the  time  at  which  the  segmentation  of  the  parasites  takes  place.  Usually  the  pigment 
is  found  in  the  bodies  of  the  leukocytes,  and  from  them  is  transferred  to  the  capillaries  and 
tissue-cells.  Occasionally  pigment  occurs  in  the  blood  in  relapsing  fever,  and  sometimes 
in  Addison's  disease — in  the  latter  chiefly  in  the  form  of  yellowish-brown  or  brownish-black 
granules,  sometimes  as  bacillary  fragments. 

THE  PRIMARY  ANEMIAS. 

Pernicious  Anemia. — Pernicious  anemia  is  a  disease  of  hematogenesis 
characterized  by  the  appearance  of  large  numbers  of  imperfectly  formed  red 
corpuscles  in  a  generally  impoverished  blood.  This  disease  was  first  de- 
scribed by  Addison  as — "  A  general  anemia  occurring  without  any  discover- 
able cause  whatever,  in  cases  in  which  there  has  been  no  previous  loss  of 
blood,  no  exhausting  diarrhea,  no  chlorosis,  no  purpura,  no  renal,  splenic, 
miasmatic,  glandular,  strumous,  or  malignant  disease."  It  occurs  in  nearly 
all  parts  of  the  world,  and  is  most  common  after  middle  life,  though  it  occurs 
at  all  ages,  even  in  childhood.  It  is  probably  more  common  in  women  than 
in  men.  It  depends  upon  some  as  yet  unknown  cause,  probably,  however, 
some  form  of  intoxication.  Insufficient  and  improper  food ;  nervous  dis- 
turbances, such  as  violent  shock  ;  pregnancy  and  lactation  ;  gastro-intestinal 
diseases,  such  as  atrophy  of  the  stomach  and  interstitial  gastritis ;  parasitic 
diseases,  such  as  ankylostomiasis  and  bothriocephaliasis ;  frequently  repeated 
hemorrhages :  general  diseases,  infectious  diseases,  and  intoxications  have 
been  supposed  to  predispose  to  its  development. 

Morbid  Anatomy. — The  body  of  the  patient  is  rarely  emaciated  ;  indeed, 
he  may  be  unusually  stout.  In  most  cases  the  skin,  conjunctiva,  and  other 
mucous  membranes  show  a  peculiar  lemon  tint.  There  is  usually  some  dropsy 
about  the  ankles ;  there  may  be  extreme  anasarca.     Upon  opening  the  body 


382 


PATHOLOGY  OF  THE  BLOOD. 


the  muscles  are  found  to  be  intensely  red  in  color,  resembling  horse-flesh, 
and  contrasting  markedly  with  the  pale-yellow  fat.  Sometimes  the  fat  is 
lemon-colored.  Hemorrhages  are  common  on  the  skin  and  upon  the  serous 
surfaces ;  there  may  be  effusions  into  the  serous  cavities. 

The  heart  is  large,  flabby,  and  empty,  its  muscular  substance  often  in- 
tensely fatty  and  of  a  pale-lemon  color.  Osier  says:  "In  no  condition 
do  we  see  more  extreme  fatty  degeneration."  The  muscular  substance  is 
not  uniformly  affected,  but  the  degenerated  areas  are  distributed  in  such  a 
manner  as  to  give  the  organ  a  mottled  appearance,  often  described  as  "  tabby- 
mottling.  ' '  The  fatty  degeneration  may  also  affect  the  diaphragm  and  periph- 
eral muscles.  The  lungs  show  no  special  changes.  The  stomach  may  be 
normal  or  may  be  atrophic.  The  mucosa  may  be  extremely  atrophied,  with 
fatty  degeneration  of  its  tubules.  The  overgrowth  of  connective  tissue  in  the 
walls  of  the  stomach  may  reduce  its  size  almost  to  that  of  an  infant,  and 
throw  the  mucous  membrane  into  folds  or  rugae.  The  liver  may  be  enlarged 
and  fatty.  It  has  been  found  to  contain  an  unusual  quantity  of  iron,  which 
can  readily  be  demonstrated  in  microscopic  sections,  treated  with  chemically 


Fig.  228. — Section  of  spinal  cord,  cervical  swelling,  from  a  case  of  pernicious  anemia  (Burr). 

pure  ferrocyanid  of  potassium  and  hydrochloric  acid.  The  iron  appears 
blue,  and  is  situated  in  the  outer  and  middle  zones  of  the  lobules,  some- 
times seeming  to  follow  the  course  of  the  bile-capillaries.  The  spleen  shows 
no  important  changes  :  it  may  be  very  small  and  sometimes  contains  iron  in 
excess.  The  kidneys  are  enlarged,  their  color  pale,  the  contrast  between 
cortical  and  medullary  substance  faint.  High-grade  degeneration  of  the 
tubules  with  fatty  metamorphosis  of  the  cells,  most  pronounced  in  the 
convoluted  tubules,  is  usually  present.  The  glomeruli  show  no  particular 
alterations.  The  lymphatic  glands  may  be  of  a  deep-red  color.  A  consider- 
able amount  of  iron  is  to  be  found  in  the  convoluted  tubules  of  the  kidney. 
The  adrenal  bodies  are  not  altered.  The  bone-marrow  may  resemble  that 
of  a  child,  changing  from  the  normal  fatty  to  the  fetal  or  lymphoid  con- 
dition. This  change  may  occur  in  local  punctiform  areas  or  be  uniformly 
distributed.  It  is  characteristic  in  the  long  bones  only,  and  is  best  studied 
in  the  shaft  of  the  tibia.  Microscopically,  a  vast  increase  is  observed  in  the 
nucleated  erythrocytes  in  the  marrow,  with  a  concomitant  atrophy  and  some- 
times an  entire  disappearance  of  fat-cells.  These  changes  are  not  peculiar 
to  pernicious  anemia.     Interesting  changes  have  also  been  discovered  in  the 
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central  nervous  system  in  the  form  of  degeneration  of  the  posterior  columns 
of  the  cord  iii  pernicious  anemia.  The  lesions  are  symmetric  and  resemble 
those  of  other  intoxications. 

The  blood  changes  are  of  chief  interest.  It  may  be  difficult  to  secure  a 
drop  of  blood,  as  the  patients  do  not  always  bleed  freely.  As  the  blood 
escapes  from  the  puncture,  it  sometimes  appears  pale  and  watery  and  some- 
times streaked ;  its  fluidity  seems  to  be  increased,  and  its  coagulation  de- 
ferred. Rouleau  formation  may  not  occur.  The  erythrocytes  vary  greatly 
from  the  normal  in  shape  and  size,  and  in  the  presence  of  large  numbers  of 
nucleated  cells.  Microcytes,  macrocytes,  megalocytes,  and  poikilocytes  are 
all  very  common. 

Hayem  found  one-eighth  of  all  the  erythrocytes  to  be  megalocytes.  The 
microcytes  may  be  spheric  in  shape.     There  is  no  particular  form  of  the 


Fig.  229. — Pernicious  anemia:  L,  L,  Lymphocytes;  m,  m,  m,  m,  megaloblasts ;  cover-slips 
stained  with  Ehrlich's  triacid,  and  drawn  with  camera  lucida  (Cabot). 


poikilocytes  characteristic  of  pernicious  anemia.  The  cells  may  be  stellate, 
clavate,  fusiform,  etc.  Litton  thinks  horseshoe-shaped  cells  most  frequent  in 
pernicious  anemia.  Cabot  has  seen  a  case  in  which  the  erythrocytes  were  all 
club-shaped,  looking  like  a  lot  of  gigantic  bacilli.  Their  shapes  frequently 
vary  as  well  as  their  size.  In  stained  specimens  there  may  be  vacuoles,  and 
whitish  spots  or  streaks  in  the  substance  of  the  corpuscles.  Occasionally  one 
sees  a  corpuscle  whose  center  seems  to  be  perforated.  Polychromatophilic 
erythrocytes  are  common,  and  nucleated  erythrocytes  which  stain  in  this 
manner  are  sometimes  difficult  to  distinguish  from  lymphocytes.  Normo- 
blasts and  megaloblasts  may  be  many  or  few  and  difficult  to  find.  Megalo- 
blasts are  said  to  be  of  bad  prognostic  significance. 

Shadow  cells  are  sometimes  present,  though  rarely  in  large  numbers. 
Blood  crises  are  said  to  occur,  and  to  cause  the  paroxysmal  and  unexpected 
appearance  of  a  large  number  of  normoblasts,  remaining  in  the  blood  from 
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four  to  six  days.  Such  blood  crises  are  said  to  be  followed  by  a  great  in- 
crease in  the  number  of  blood  corpuscles.  The  blood  plaques  are  diminished 
in  number,  and  the  fibrin  is  diminished  in  quantity.  A  great  variation  in  the 
size  and  shape  of  the  corpuscles,  of  which  the  number  is  markedly  reduced, 
is  always  present.  In  10  cases  studied  by  Stengel  there  was  an  average  of 
1,134,000  erythrocytes.  An  average  of  Cabot's  52  cases  showed  1,200,000. 
There  may  be  very  few  corpuscles,  a  case  having  bepn  reported  by  Quincke 
in  which  there  were  only  143,000. 

The  hemoglobin  is  always  considerably  reduced,  but  while  thus  absolutely 
reduced,  is  relatively  increased,  so  that  with  1,000,000  erythrocytes  30  to  35 
per  cent,  of  hemoglobin  is  the  usual  ratio. 

The  leukocytes  seem  to  play  no  conspicuous  or  important  part  in  the 
blood  changes.  In  the  earlier  stages  they  may  be  decreased  in  number,  but 
there  may  be  a  normal  number  or  they  may  be  increased.  Cabot  finds  a 
marked  leukopenia,  as  a  rule.  Of  the  leukocytes,  the  small  lymphocyte  is  the 
most  numerous.  In  34  cases  which  Cabot  studied  the  lymphocytes  numbered 
34.9  per  cent,  of  all  the  leukocytes.  Stengel  found  that  toward  the  end  of 
the  disease  the  leukocytes  increase  in  number,  sometimes  giving  rise  to  a 
suspicion  of  leukemia.  The  terminal  or  preagonal  leukocytosis  sometimes 
becomes  excessive.  Eosinophile  cells  are  occasionally  increased.  In  49 
cases  which  Cabot  examined,  the  average  was  2.7  per  cent.  In  one  case, 
however,  he  observed  6.6  per  cent,  and  in  another  9  per  cent.  Occasional 
myelocytes  occur.  According  to  Cabot,  the  myelocyte  is  more  common  iii 
pernicious  anemia,  and  is  present  in  greater  number  than  in  any  other  disease 
except  leukemia.  The  specific  gravity  of  the  blood  is  usually  diminished ; 
this  would  be  expected  from  its  markedly  hydremic  character.  Quincke 
found  it  1.0282  ;  Stengel,  1.025  in  one  case.  The  amount  of  albumin  pres- 
ent is  less  strikingly  reduced  than  might  be  expected  from  the  diminution  of 
the  blood. 

Chlorosis.- — This  is  a  primary  or  essential  anemia,  usually  affecting  girls 
during  the  period  of  adolescence,  and  characterized  essentially  by  a  reduc- 
tion in  the  amount  of  hemoglobin,  with  or  without  diminution  in  the 
number  of  the  corpuscles.  Cases  in  which  the  corpuscles  are  not  dimin- 
ished in  number  have  been  called  pseudochlorosis,  while  chlorosis  is  re- 
served for  cases  in  which  the  hemoglobin  and  corpuscles  are  both  dimin- 
ished. The  disease  is  commonly  known  among,  the.  laity  as  the  "green 
sickness."  It  affects  both  men  and  women,  though  women  suffer  much 
oftener  from  it  than  men.  It  is  most  common  between  the  fourteenth  and 
seventeenth  years.  Blondes  are  probably  more  frequently  affected  than 
brunets.  The  disease  sometimes  occurs  in  early  childhood,  but  is  very  rare 
at  that  period.     The  cause  of  the  disease  is  unknown. 

It  has  been  thought  by  many  to  have  some  connection  with  the  development  of  the  sexual 
function.  Virchow  pointed  out  that  in  many  cases  there  ■fiss  a  defective  development  of  the 
circulatory  system  ;  perhaps  Rokitansky  was  the  first  to  show  that  the  heart  was  sometimes 
abnormally  small,  and  that  in  some  cases  there  is  hypoplasia  of  the  aorta  and  great  vessels. 
The  vessels  are  usually  very  elastic ;  the  heart  is  often  dilated,  and  the  left  ventricle  hyper- 
trophied.  There  may  be  degeneration  of  the  heart.  It  is  said  that  there  is  sometimes  a 
tendency  to  endocarditis,  also  to  venous  thrombosis.  In  some  cases  defective  development  of 
the  sexual  organs  has  been  observed.  Rarely  a  family  predisposition  to  the  disease  can  be 
made  out.  Bad  hygiene,  improper  diet,  overwork,  nervous  and  emotional  disturbances, 
homesickness,  disturbances  of  the  menstrual  function,  seem  at  times  to  play  some  part  in  the 
etiology  of  the  disease. 

Sir  Andrew  Clark  was  of  the  opinion  that  chlorosis  was  the  result  of  constipation,  with 
absorption  of  poisonous  substances  from  the  intestine  into  the  blood.  He  describes  it  as 
copremia,  the  result  of  coprostasis.  Meinert  believed  the  disease  to  depend  upon  displace- 
ment of  the  abdominal  organs  from  tight  dressing  at  the  waist,  with  irritation  of  the  splanch- 
nic nerves  and  consequent  disturbances  of  innervation  in  the  spleen  and  other  blood-making 
organs.     According  to  this  view,  chlorosis  results  from  gastro-enteroptosis.     Occasionally 
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there  is  a  family  history  of  tuberculosis,  and  sometimes  hysteria  has  appeared  to  have  an  in- 
fluence in  the  production  of  the  disease.  The  patients  present  an  extreme  greenish  pallor  of 
the  skin  and  are  thin  and  emaciated,  though  they  are  often  stout  and  well  nourished.  The 
pallor  of  the  skin  and  the  blanched  conjunctiva  and  other  mucous  membranes  constitute  the 
visible  characteristics  of  the  disease.  The  blood  is  chiefly  affected.  It  is  characterized  by  the 
presence  of  small,  pale,  sometimes  deformed  erythrocytes,  whose  number,  as  we  have  already 
pointed  out,  may  or  may  not  be  decreased,  according  to  the  severity  of  the  case. 

The  hemoglobin  is  always  markedly  reduced  in  quantity.  Hyperleuko- 
cytosis  is  rarely  present  except  in  cases  accompanied  by  infection  or  other 
accidental  causes.  The  amount  of  fibrin  in  the  blood  is  increased.  In 
almost  all  cases  some  normoblasts  are  present.  As  the  blood  flows 
from  the  iinger,  it  may  be  very  pale.  In  16  cases  of  chlorosis  studied  by 
Stengel  the  lowest  blood  count  was  1,500,000  erythrocytes.  In  the  lowest 
of  40  cases  studied  by  Thayer  there  were  1,932,000  corpuscles,  while  the 
average  number  for  each  patient  was  4,225,181.  The  percentage  of  hemo- 
globin in  Thayer's  cases  was  44.1.  Hayem  has  seen  the  erythrocytes  as  low 
as  1,662,000,  and  in  one  case,  937,360.     Cabot  studied  77  cases,  in  which 


Fig.  230.— Kidney  in  acute  leukemia.    Urinary  tubules  and  glomeruli  crowded  apart  by 
dense  uniform  interstitial  infiltration  with  lymphocytes  (X  80)  (Diirck). 


the  lowest  blood  count  was  1,933,000  erythrocytes,  the  average  number  being 
4,050,000.  Occasionally  the  erythrocytes  may  be  present  in  unusually  large 
numbers.  Thus,  in  one  of  Cabot's  cases  there  were  7,100,000  erythrocytes. 
The  number  of  erythrocytes  in  European  statistics  is  considerably  lower  than 
in  American  statistics.  The  average  amount  of  hemoglobin  in  Cabot's 
77  cases  was  41  per  cent.  The  individual  erythrocytes,  when  examined 
microscopically,  often  present  characteristics  easily  recognizable  to  the  expe- 
rienced eye.  Thus,  they  are  usually  paler  than  normal,  especially  at  the 
center.  In  many  cases  the  center  of  the  corpuscle  is  invisible,  the  average 
diameter  of  the  cell  being  somewhat  diminished.  Poikilocytosis  is  present  in 
advanced  and  severe  cases,  causing  them  somewhat  to  resemble  pernicious 
anemia,  although  the  poikilocytosis  of  chlorosis  probably  never  becomes  so 
marked  as  in  the  other  affection.  Hayem  never  saw  nucleated  erythrocytes. 
Those  seen  are,  for  the  most  part,  normoblasts,  megaloblasts  being  very  rare. 
Neudorfer  has  seen  blood  crises  similar  to  those  of  pernicious  anemia  in 
which  there  was  an  unexpected  appearance  of  large  numbers  of  nucleated 
erythrocytes,  followed  by  subsequent  increase  in  the  number  of  erythrocytesi 
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The  percentage  of  hemoglobin  may  be  anywhere  from  40  per  cent.  up. 
The  specific  gravity  is  reduced  and  may  be  as  low  as  1.030. 

In  26  cases  studied  by  Cabot  the  average  number  of  leukocytes  was  7485. 
In  63  cases  studied  by  Thayer  the  average  was  8467.    The  absence  of  hyper- 


FIG  2qi  —The  liver  in  leukemia  (leukemic  infiltration) :  i,  Vena  centralis,  numerous 
lymphocytes  'in  the  portal  capillaries  between  the  columns  of  liver-cells;  22,  2  periportal 
connective  tissue  infiltrated  with  radiating  groups  of  lymphocytes  (X  80)  (Durck). 

leukocytosis  is  the  chief  distinguishing  point  between  chlorosis  and  the 
secondary  or  symptomatic  anemias.  The  blood  plaques  are  usually  increased : 
Hayem  found  them  always  increased. 


Fig.  232. — Lymphatic  leukemia :  /,  /,  /,  /,  /,  Lymphocytes ;  p,  polynuclear  neutrophile ; 
r,  r,  r.red  cells  (Cabot).  , 


In  chlorosis  there  is  an  occasional  tendency  to  spontaneous  thrombosis  of 
the  veins,  most  commonly  occurring  in  the  femoral  vein,  sometimes  in  the 
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longitudinal  sinus.  The  condition  is  seldom  serious,  though  Truckwell  has 
seen  a  case  in  which  the  thumb  was  lost  from  venous  thrombosis. 

Leukemia. — Leukemia  is  a  disease  of  hematogenesis,  characterized  by  an 
increase  in  the  number  of  leukocytes  in  the  circulating  blood,  and  by  charac- 
teristic changes  in  the  bone-marrow,  lymphatic  glands,  or  spleen,  or  in  all 
these  structures,  tending  to  run  a  more  or  less  chronic  course  and  marked  by 
secondary  lymphoid  infiltration  of  various  organs.  It  is  usually  a  fatal  affec- 
tion, sometimes  terminating  in  a  few  days,  but  more  often  continuing  for 
several  years.  Intercurrent  affections  are  common,  and  sometimes  favorably 
influence  the  disease,  though  they  are  more  frequently  fatal.  The  disease  was 
first  mentioned  by  Bennet,  of  Edinburgh,  in  1845,  ^""^  called  "suppuration 
of  the  blood. ' '  Its  true  nature  was  discovered  by  Virchow  a  few  weeks  later. 
It  is  customary  to  divide  the  cases  of  leukemia  into  three  groups — the  splenic, 
the  lymphatic,  and  the  myelogenic ,  according  to  the  origin.  Nothing  is  known 
of  the  etiology  of  the  affection,  but  Lowit  claims  to  have  discovered  an  animal 
parasite  which  he  thinks  is  the  cause.  The  disease  occurs  in  all  parts  of  the 
world,  but  is  uncommon  in  America.  It  occurs  at  all  ages.  Sanger  saw  it 
once  in  a  still-born  infant ;  Golitzinsky,  a  case  in  an  infant  one  week  old  ;  and 
Osier  has  seen  it  in  a  babe  eight  months  old.  A  number  of  cases  in  chil- 
dren from  eight  to  ten  weeks  old  are  on  record.  It  may  also  occur  in  old 
age.  Men  most  frequently  suffer  from  it  in  the  third  decade,  women  in  the 
fourth  decade.  It  is  perhaps  more  common  in  men  than  in  women,  in  the 
ratio  of  67  to  32  per  cent.  Occasionally  there  seems  to  be  a  hereditary 
predisposition  about  the  affection  ;  thus,  one  case  studied  by  Osier  had  three 
normal  children  one  after  the  other,  while  one  child  born  before  the  disease 
developed  in  the  mother  was  leukemic.  Cameron  had  a  case  whose  grand- 
mother, mother,  and  one  brother  were  leukemic,  and  who  had  borne  two 
children  who  died  of  the  disease  ;  she  also  had  three  healthy  children.  The 
lower  animals  as  well  as  man  are  subject  to  leukemia.  Malaria,  syphilis,  and 
traumatism  have  been  put  down  as  causes,  but  probably  have  nothing  to  do 
with  the  origin  of  the  disease. 

Morbid  Anatomy. — There  are  two  essential  tissue  lesions  of  leukemia. 
First,  infiltration  with  leukocytes ;  second,  hyperplasia  of  the  lymphadenoid 
tissues.  The  body  of  the  patient  may  be  wasted ;  dropsy  may  be  present. 
The  heart  may  be  distended  a,nd  inay  contain  greenish  clots.  When  it  is 
opened,  the  escaping  liquid  may  be  so  rich  in  leukocytes  as  to  be  mistaken 
for  pus;  hence  Bennett's  mistake  in  regarding  the  disease  as  a  "suppura- 
tion of  the  blood."  Distention  of  peripheral  veins  is  common.  In  the 
majority  of  cases  the  spleen  is  much  enlarged,  cases  being  on  record  in 
which  it  has  wpighed  as  much  as  twenty  pounds.  The  condition  is  one  of 
chronic  hyperplasia,  the  capsule  of  the  organ  being  thickened,  its  substance 
firm.  It  has  a  uniformly  reddish-brown  color ;  the  Malpighian  bodies  may 
be  invisible.  Grayish-white,  circumscribed,  lymphoid  masses  may  be  distrib- 
uted throughout  the  organ,  contrasting  strongly  with  the  reddish-brown 
matrix,  and  bringing  about  a  peculiar  spotted,  granite-like,  or  marbled  ap- 
pearance. In  the  early  stages  of  the  disease  the  pulp  may  be  soft  and 
the  spleen  extremely  hyperemic-.  Rupture  has  sometimes  occurred  in  such 
cases,  and  local  inflammations  caused  by  distention  of  the  capsule  are  a  com- 
mon cause  of  adhesion  between  the  spleen  and  neighboring  organs.  Hyper- 
emic parts  of  the  splenic  substance  contrast  markedly  with  paler  areas ; 
sometimes  areas  of  fatty  degeneration  are  seen,  probably  resulting  from 
pressure.  Enlargement  of  the  lymphatic  nodes  may  occur  concomitantly 
with  the  splenic  enlargement,  and  may  occur  independently  of  changes 
in  the  spleen  itself.  The  enlargement  depends  upon  hyperplasia  of  the 
lymphoid  elements ;    necrosis  and  fatty  degeneration  have  been  observed. 
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Occasionally  incised  lymphatic  glands  present  a  yellow-green  appearance, 
such  as  is  seen  in  chloroma.  The  changes  usually  affect  chains  of  glands, 
the  cervical  being  most  frequently  affected.  There  are  almost  always  marked 
changes  in  the  bone-marrow,  which  instead  of  being  fatty  in  the  shafts  of  the 
long  bones,  becomes  dark  in  color,  and  not  infrequently  marked  with  small 
hemorrhagic  foci  resembling  infarctions.  Neumah  described  two  forms 
which  he  calls  pyoid  and  lymphoid  bone-marrow.  In  the  pyoid  marrow 
there  is  a  marked  hyperplasia  of  the  colorless  marrow-cells ;  the  marrow  con- 
sists to  a  large  extent  of  large,  round,  hemoglobin-free  cells,  with  large  pale 
nuclei  and  abundant  fine  neutrophilic  granules.  The  lymphoid  marrow 
contains  many  nucleated  red  blood  corpuscles  in  all  stages  of  develop- 
ment. Numerous  cells  with  eosinophilic  granules  may  also  be  found.  The 
most  common  cell  in  the  marrow  is  the  myelocyte  already  described,  which 
may  become  the  most  common  cell  in  the  blood.  The  thymus  gland  is 
usually  enlarged.  In  a  few  cases  the  solitary  glands  of  the  intestine  and  the 
agminated  glands  of  Peyer  have  been  involved.  Indeed,  in  a  few  cases 
Peyer's  glands  have  been  found  ulcerated,  their  condition  much  resembhng 
that  of  typhoid  fever.  The  liver  may  be  so  enlarged  as  to  weigh  from  15  to 
20  pounds,  the  increase  depending  upon  diffuse  leukemic  infiltration,  in 
which  the  columns  of  liver-cells  are  widely  separated  by  leukocytes,  partly 
within  and  partly  without  the  capillaries.  The  chief  infiltration  occurs  in 
the  periportal  area,  the  small  vessels  being  densely  packed  with  leukocytes. 
In  the  substance  of  the  organ  distinct  lymphadenoid  growths  are  occasion- 
ally found.  Upon  section  the  organ  is  variegated  in  appearance,  with  pale 
streaks  or  lines  of  lymphoid  tissue  in  the  darker  liver  substance. 

The  kidneys  are  often  enlarged  and  pale,  the  capillaries  distended  with 
leukocytes.  'Fhere  may  be  leukemic  infiltration  throughout  the  whole  organ, 
with  accompanying  atrophy  and  parenchymatous  degeneration  of  the  sub- 
stance. 

The  adrenal  bodies  may  be  quite  large.  Lymphoid  growths  sometimes 
occur  on  the  surface  of  the  stomach  and  in  the  gastrosplenic  omentum. 
The  lungs  rarely  show  any  changes.  While  the  leukemic  infiltration  and 
the  lymphatic  nodule  formation  are  not  infrequently  encountered.  Osier 
found  distinct  leukemic  tumors  but  once  in  a  series  of  12  autopsies.  In  159 
cases  collected  by  Gowers,  there  were  only  13  instances  of  leukemic  nodules 
in  the  liver  and  10  in  the  kidneys.  Such  new  growths  may  be  composed  of 
leukocytes  that  have  left  the  capillaries.  Bizzozzero  has  shown  that  in  these 
tumors  the  cells  are  in  process  of  active  fission.  There  is  sometimes  a  pecu- 
liar exanthematous  eruption  of  the  skin  in  leukemia,  and  beneath  the  skin 
one  may  find  lymphoid  infiltrations  and  nodules  which  soften,  ulcerate,  and 
lead  to  the  formation  of  ulcers  similar  to  those  seen  in  mycosis  fungoides. 

The  characteristic  feature  of  the  disease  is  a  striking  increase  in  the  num- 
ber of  leukocytes,  which  may  actually  outnumber  the  erythrocytes.  The  leuko- 
cytes vary  according  to  the  form  of  the  disease.  Robin  has  seen  a  case  in 
which  there  were  twice  as  many  white  as  red  cells.  In  Cabot's  large  series, 
the  average  number  of  leukocytes  is  438,000  per  c. mm.  The  highest  number 
he  saw  was  1,072,223.  The  appearance  of  the  blood  differs  from  thatof  hyper- 
leukocytosis  in  that  the  increase  in  the  leukocytes  affects  the  lymphocytes  or 
consists  in  the  addition  to  the  blood  of  immense  numbers  of  myelocytes, 
while  in  hyperleukocytosis  the  increase  is  in  the  polymorphonuclear  neutro- 
philes.  Consisting  of  lymphocytes  and  myelocytes,  the  leukocytes  of  leu- 
kemia are  not  ameboid.  Fleming,  Hale,  Spronck,  and  others  have  seen 
leukocytes  undergo  mitosis  in  the  blood.  Fatty  degeneration  of  the  leuko- 
cytes has  been  observed  occasionally.  When  typhoid  and  miliary  tuberculosis 
take  place  as  intercurrent  affections  in  individuals  suffering  from  leukemia, 
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the  number  of  leukocytes  becomes  reduced,  so  that  the  blood  condition 
temporarily  improves.  The  number  of  leukocytes  in  any  given  case  is 
subject  to  fluctuation,  sometimes  being  double  the  number  found  at  other 
times.  This  fluctuation  takes  place  without  any  assignable  cause.  Stengel 
has  seen  the  number  of  leukocytes  fall  from  150,000  to  30,000  under  the 
influence  of  treatment. 

In  10  cases  studied  by  Cabot,  the  myelocytes  numbered  37.7  per  cent. ; 
the  eosinophiles,  4.4  per  cent.  Myelocytes  may  form  60  per  cent,  of  all 
the  leukocytes.  The  leukocytic  alterations  in  the  splenic  and  myelogenic 
forms  of  leukemia  are  too  characteristic  to  allow  any  other  disease  to  be 
confounded  with  it.  Cabot  found  that  while  the  total  number  of  polymor- 
phonuclear cells  is  increased  in  leukemia,  their  number  in  each  1000  leuko- 
cytes is  really  diminished ;  thus,  in  his  18  cases  there  were  49.2  percent, 
of  polymorphonuclear  leukocytes  and  7.6  percent,  of  lymphocytes.     The 
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Fig.  233. — Myelogenous  leukemia:  a,  Eosinophilic  myelocytes;  I,  "mast-cell"  ;  e,  e,  e,  ordi- 
nary eosinophile ;  m,  m,  myelocytes;  »,  »,  normoblasts;  /, /,  polynuclear  neutrophiles ;  r,  r, 
Reizungsformen  (Tiirck)  (cover-glass  film  stained  with  Ehrlich's  "triacid"  and  drawn  with 
camera  lucida)  (Cabot). 

polymorphonuclear  cells  may  be  very  small,  and  give  an  unusually  dark- 
colored  staining  reaction ;  some  may  be  pale ;  the  shape  of  nuclei  may  be 
unusual.  Neutrophilic  granules  may  be  fewer  than  normal.  Sometimes  the 
granules  are  entirely  absent ;  rarely  the  protoplasm  contains  a  few  oxyphilic 
granules.  The  lymphocytes  in  Cabot's  cases  were  diminished  from  the  nor- 
mal 20  to  30  per  cent,  to  7.6  per  cent.  Their  absolute  number  per  cubic 
millimeter  was,  however,  always  increased.  The  eosinophilic  cell  is  also 
increased,  but  the  proportion  to  other  leukocytes  may  remain  about  normal. 
Cabot  says  there  are  three  kinds  of  eosinophilic  cells  in  leukemia — the  ordi- 
nary, the  dwarf,  and  the  eosinophilic  myelocytes.  The  last  occur  only  in 
leukemia  and  occasionally  in  pernicious  anemia.  Basophilic  cells  are  also 
sometimes  found  in  leukemic  blood. 

The  blood  changes  can  be  studied  during  the  life  of  the  individual,  and 
are  such  as  to  make  diagnosis  with  the  microscope  readily  possible.     The 
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specific  gravity  of  the  blood  is  generally  diminished,  and  varies  between 
1.036  and  1.049.  The  alkalinity  is  somewhat  diminished,  and  coagulation 
does  not  readily  occur.  The  erythrocytes  are  reduced  in  number,  averaging 
about  3,000,000  in  ordinary  cases.  The  hemoglobin  is  usually  diminished, 
but  the  color-index  is  not  particularly  changed.  Cabot  studied  34  cases,  in 
which  there  were  3,120,000  erythrocytes  and  480,000  leukocytes  on  the 
average.  Eichhorst  has  observed  a  case  in  which  there  were  only  316,000 
erythrocytes. 

Sometimes  large  numbers  of  nucleated  erythrocytes  are  present,  the 
greatest  number  being  present  in  the  most  serious  cases ;  both  normoblasts 
and  megaloblasts  may  be  found.  The  erythrocytes  are  said  sometimes  to 
show  ameboid  movement.  In  the  so-called  lymphatic  form  of  the  disease  the 
red  corpuscles  are  fewer  than  usual.  Charcot-Leyden  crystals  may  be  found 
in  the  blood  after  death. 

Stengel  found  the  blood  plaques  strikingly  increased  in  number.  Prus 
found  2,000,000  per  c.mm.  It  is  curious  and  interesting  to  note  that  in 
leukemia  the  existence  of  an  enormous  number  of  leukocytes  in  the  blood 
does  not  preclude  the'  possibility  of  an  accidental  hyperleukocytosis  when 
the  proper  conditions  for  its  development  arrive.  Pfeiffer  found  the  fibrin 
in  leukemia  to  be  less  than  that  seen  in  hyperleukocytosis  with  fewer  leuko- 
cytes in  the  blood. 

According  to  the  kind  of  cells  found  in  the  blood,  which  usually  corre- 
sponds pretty  accurately  with  the  change  in  certain  organs,  it  is  customary 
to  divide  the  leukemia  clinically  into  two  forms — the  splenomyelogenic,  char- 
acterized by  changes  in  the  spleen  and  bone-marrow  and  by  the  presence  of 
myelocytes  in  the  blood,  and  the  lymphatic,  characterized  by  changes  in  the 
lymphatic  glands  and  in  the  occurrence  of  lymphocytes  in  the  blood.  The 
latter  form  is  also  called  lymphemia. 

Leukemia. 
Splenomyelogenic.  Lymphatic. 

3,000,000  nucleated   forms    common — Erythrocytes — 3,000,000,  nucleated  forms  rare. 
450,000,  of  which  the  myelocytes  are — Leukocytes — 100,000    or   less,    of    which   the 
30  per  cent.  lymphocytes  are  90  per  cent,  or 

over,    myelocytes   and    eosino- 
philes  few. 

l>3eudoleukeinia  of  Infancy. — Von  Jaksch  has  described  a  peculiar  rare  disease  of  early 
childhood  under  the  name  of  anaemia  infantum  pseudoleukemioa.  It  is  characterized  by 
marked  anemia,  hyperleukocytosis,  and  swelling  of  the  spleen,  liver,'  and  glands.  The  condi- 
tion is  probably  a  secondary  one  whose  nature  has  not  yet  been  satisfactorily  made  out.  It 
affects  children  under  four  years  of  age,  probably  being  most  frequent  between  the  ages  of 
seven  and  twelve  months  ;  male  children  suffer  more  frequently  than  those  of  the  other  sex. 

The  splenic  enlargement,  one  of  the  cardinal  symptoms,  is  so  marked  that  at  times  the 
entire  left  side  of  the  abdomen  is  occupied  by  a  hard  and  firm  splenic  tumor.  'When  the 
organ  can  be  examined,  it  is  found  that  the  changes  consist  of  a  simple  hyperplasia. 

The  liver,  which  is  also  frequently  enlarged,  shows  no  characteristic  changes.  The  lymph- 
atic glands  are  often  enlarged,  but  never  conspicuously  so.     The  bone-marrow  is  soft  and  red. 

The  blood  changes  are  characteristic,  consisting  in  marked  diminution  of  the  erythrocytes 
and  marked  increase  in  the  leukocytes.  In  one  of  von  Jaksch's  cases  the  erythrocytes  were 
reduced  to  820,000.  Many  of  the  erythrocytes  appear  "to  be  degenerated  and  vacuolated. 
Polychromatophilia  has  been  observed.  Normoblasts  are  common ;  megaloblasts  occasion- 
ally occur. 

The  leukocytes  may  increase  so  as  to  reach  i  to  12  red  cells.  The  chief  increase  is  in  the 
polymorphonuclear  cells,  so  that  the  condition  is  really  more  a  hyperleukocytosis  than  a  true 
leukemia.  Occasionally  the  lymphocytes  are  also  increased.  The  eosinophiles  may  be  in- 
creased or  diminished  in  number.     The  number  of  leukocytes  varies  from  time  to  time. 

The  condition  subjects  the  patient  to  marked  danger  from  intercurrent  affections,  and  is 
occasionally  itself  a  cause  of  death  from  peritonitis,  etc.,  though  recovery  usually  follows. 

Hodgkin's  disease,  pseudoleukemia  (Cohnheim),  or  general  lymphadenoma  is  not  a 
disease  of  the  blood,  but  a  peculiar  affection  characterized  by  progressive  hyperplasia  of  the 
lymphatic  nodes,  with  anemia  and  occasional  secondary  lymphoid  growths  in  the  organs.  It 
is  mentioned  because  of  the  close  clinical  relationship  which  seems  to  exist  between  it  and 
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leukemia,  which  makes  it  natural  to  think  of  the  two  diseases  at  the  same  time,  and  because 
the  disease  is  associated  with  anemia  of  some  importance.  It  occurs  most  frequently  in  young 
males.  Gowers  found  it  most  frequent  between  the  twentieth  and  thirtieth  and  between  the 
fiftieth  and  sixtieth  years.  Osier  found  60  per  cent,  of  the  cases  to  occur  in  persons  less  than 
forty  years  of  age.  The  cause  of  the  disease  is  unknown.  In  the  literature,  malaria,  scrofula, 
sarcoma,  syphilis,  rickets,  and  other  diseases  appear  to  be  confused  with  Hodgkin's  disease, 
and  all  have  been  mentioned  as  causes  of  it. 

The  morbid  anatomy  consists  of  an  enlargement  of  the  lynvphatic  nodes,  usually  affecting 
chains  of  nodes  and  causing  them  to  become  enormously  enlarged,  so  that  small  nodes,  such 
as  are  found  in  the  cervical  region,  attain  the  size  of  the  fist.  The  swellings  are  hard  and 
firm,  but  late  in  the  course  of  the  disease  become  elastic  and  fluctuate.  When  incised,  the 
contents  immediately  project  from  the  capsule,  under  considerable  tension.  The  neighboring 
nodes  frequently  coalesce,  and  form  enormous  masses  which  sometimes  rupture  and  invade 
the  adjacent  subcutaneous  areolar  tissue.  When  cut,  the  tumors  are  grayish  or  white  in  color, 
homogeneous,  soft,  and  juicy.  The  glands  occasionally  suppurate.  Those  most  frequently 
affected  are  in  the  neck,  axilla,  and  mediastinum. 

In  the  posterior  mediastinum  masses  of  enlarged  glands  may  surround  and  press  upon  the 
aorta  and  trachea.  The  retroperitoneal  glands  are  also  affected,  and  may  compress  the 
abdominal  viscera.  Upon  microscopic  examination  the  tissue  does  not  vary  from  the  normal. 
The  spleen  is  usually  hypertrophied.  On  section,  it  is  mottled  from  the  presence  of  numer- 
ous islands  of  lymphoid  tissues,  and  closely  resembles  the  leukemic  spleen.  The  liver 
may  be  enlarged  from  the  presence  of  scattered  lymphoid  growths.  The  kidneys  are  com- 
monly affected,  their  appearance  being  similar  to  that  seen  in  leukemia.  The  marrow  of  the 
long  bones  is  sometimes  changed  into  a  rich  lymphadenoid  tissue,  such  as  has  been  described 


Fig.  234. — Hodgkin's  disease,  showing  marked  enlargement  of  the  glands  of  the  right 
axilla,  with  consequent  dropsy  of  the  arm ;  less  marked  involvement  of  the  submaxillary  and 
cervical  lymph-glands  (Stengel). 


in  leukemia.  The  lymphadenoid  tissues  are  almost  universally  subject  to  enlargement  and 
infiltration.  In  rare  cases  it  is  said  that  subcutaneous  nodes  soften  and  produce  lesions  similar 
to  those  of  mycosis  fungoides. 

In  the  diseased  tissues  bacteria  are  frequently  found,  but  no  one  species  predominates, 
and  those  present  can  easily  be  accounted  for  as  accidental  or  terminal  infections.  It  is  not 
likely  than  any  of  the  bacteria  thus  far  described  in  connection  with  the  disease  play  any 
important  etiologic  role.  The  disease  is  usually  fatal,  though  occasional  recoveries  are  on 
record.  The  chief  difference  between  Hodgkin's  disease  and  leukemia  resides  in  the  fact  that 
in  the  former  the  blood  is  comparatively  normal,  while  in  the  latter  the  pathologic  leuko- 
cytosis is  characteristic.  In  pseudoleukemia  the  erythrocytes  generally  number  about  4,000,- 
000,  though  thev  may  sink  to  1,000,000;  nucleated  cells  are  unusual;  there  is  rarely 
marked  poikiloc'ytosis..  The  leukocytes  may  be  slightly  increased  in  number,  the  highest 
number  counted  by  Cabot  being  64,000.  The  increase  is  chiefly  in  lymphocytes ;  the  hemo- 
globin may  be  30  per  cent,  or  upward.  A  few  cases  are  recorded  in  which  pseudoleukemia  is 
said  to  have  changed  into  leukemia ;  such  cases  are,  however,  to  be  looked  upon  with  sus- 
picion, as  there  are  numerous  reasons  why  a  mistake  in  diagnosis  could  be  made. 

THE  SECONDARY  ANEMIAS. 
Symptomatic  or  secondary  anemias  can  be  adequately  explained 
as  depending  upon  such  general  or  local  conditions  as  may  interfere  with 
proper  blood-formation,    regeneration,   or   oxygenation,    interference   with 
.digestion  and  nutrition,  or  loss  of  blood  by  hemorrhage  or  hemolysis. 


392  PATHOLOGY  OF  THE  BLOOD. 

Such  conditions  may  depend  upon : 

1 .  Bad  hygienic  surroundings — 

(a)  Insufficient  food  or  food  of  bad  character. 
{J>)  Inspiration  of  noxious  gases. 
(4  Overworli  and  crowding. 

2.  Parasitic  diseases — Helminthiasis — Ankylostoma. 

Bothriocephalus. 
Tenias. 
Distoma. 
Filaria. 

3.  Chronic  exhausting  disease — Cardiac  disease.  ^ 

Kidney  disease. 
Gastro-intestinal  diseases. 
Cirrhosis  of  the  hver. 
Rachitis. 
Scorbutus. 

4.  Chronic  infectious  diseases — Tuberculosis. 

Syphilis. 
Leprosy. 
Malaria. 
.  5.  Frequently  repeated  small  losses  of  blood — 

Menorrhagia. 
Metrorrhagia. 
Hemoptysis. 
Epistaxis. 
Hemophilia. 
Scurvy. 
Purpura. 
Hemorrhoids. 

6.  Excessive  physiologic  strains' — 

Overlactation. 
Gestation. 

7.  Toxemia — Saturnism. 

Mercurialism. 
Jaundice. 

There  is  a  loss  of  albumin  from  the  plasma,  so  that  the  specific  gravity  is 
distinctly  diminished.    The  alkalinity  of  the  blood  has  been  found  increased. 

The  erythrocytes  are  diminished  in  number  to  a  varying  degree,  according 
to  the  severity  of  the  case.  The  reduction  may  be  from  a  few  hundred 
thousand  corpuscles  to  millions,  and  it  is  not  unusual  to  find  patients  with 
only  1,000,000  erythrocytes  or  even  less.  The  corpuscles  are  altered  in 
appearance  according  to  the  severity  of  the  case.  Usually  the  aberration 
from  the  normal  is  slight  and  scarcely  noticeable,  or,  on  the  other  hand,  it  may 
be  so  marked  that  a  glance  at  the  microscopic  specimen  will  show  abnormally 
pale  or  unusually  small  corpuscles.  Nucleated  corpuscles  of  the  normoblast 
type  sometimes  occur.  Megaloblasts  occur  only  in  the  severe  forms.  Poly- 
chroraatophilic  corpuscles  are  met  with,  indicating  that  the  condition  is  seri- 
ous.    Poikilocytosis  is  rare,  and  usually  not  marked. 

The  hemoglobin  is  diminished,  the  hemoglobin  corpuscle  ratio  remaining 
about  normal,  though  Stengel  points  out  that,  as  a  rule,  the  hemoglobin 
suffers  a  greater  proportional  reduction  than  the  corpuscles.  In  tuberculosis, 
syphilis,  rickets,  carcinoma,  etc.,  the  blood  condition  may  be  identical  with 
that  of  chlorosis. 

The  leukocytes  are  very  variable  in  symptomatic  anemia,  sometimes  being 
markedly  increased  in  cases  in  which  infection,  heinorrhage,  intoxication, 
etc.,  exist,  and  at  others  being  normal  or  even  decreased.  In  the  malignant 
diseases  lymphocytosis  may  occur. 

Addison's  Disease. — This  affection  is  not  a  disease  of  the  blood,  but  one  whose  principal 
lesions  are  situated  in  the  adrenal  bodies.  Inasmuch,  however,  as  disease  of  the  adrenal 
bodies  seems  to  be  accompanied  by  a  serious  anemia,  it  is  not  improper  to  give  it  brief  men- 
tion at  this  point.  It  may  be  defined  as  a  pigmentary  affection  of  the  skin,  forming  a  con- 
spicuous symptom  of  an  affection  otherwise  characterized  by  anemia,  depressed  circulation, 
indigestion,  and  asthenia.  The  disease  affects  men  more  often  than  women,  and  it  most  com- 
monly develops  between  the  twentieth  and  fortieth  years.     The  chief  lesion  is  in  the  suprai 
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renal  capsule.  It  seems  to  be  immaterial  just  what  the  lesion  is  if  the  parenchyma  of  the 
glands  be  destroyed.  Thus,  it  has  been  seen  to  follow  atrophy  of  one  or  more  glands,  tuber- 
culosis, which  is  the  most  common  cause,  carcinoma,  and  sarcoma.  Other  diseases  of  the 
glands,  as,  for  example,  amyloid,  affecting  the  stroma  and  not  the  parenchyma  of  the  organ,  do 
not  produce  it.  Addison  was  of  the  opinion  that  the  disease  depended  upon  loss  of  function 
of  the  adrenals,  the  blood  gradually  becoming  poisoned  by  the  retention  of  some  material, 
the  destruction  or  alteration  of  which  is  accomplished  in  these  glands.  The  appearance  of 
the  diseased  organs  will,  of  course,  vary  with  the  disease  which  affects  them.  The  skin  of  the 
patient  is  universally  pigmented,  the  color  usually  being  deeper  on  the  exposed  parts,  varying 
from  a  light  yellow  to  a  deep  brown  or  even  black  color.  The  discoloration  is  particularly 
striking  to  those  who  are  not  familiar  with  the  negro  and  mulatto  so  common  in  this  country. 
Here  and  there  upon  the  surface  leukoderma,  or  patches  of  atrojjhied  pigment,  may  occur. 
The  pigmentation  also  occurs  upon  the  mucous  membranes  of  the  mouth,  conjunctiva,  and 
vagina.  Occasionally  the  serous  membranes  are  pigmented.  The  anemia  is  secondary  and 
of  rather  moderate  grade,  though  it  may  become  severe. 

Malaria. — Being  a  parasitic  disease,  the  parasite  of  which  is  now  well  known,  its  consid- 
.  eration  seems  more  naturally  to  find  its  place  among  the  animal  parasites  than  in  the  special 
pathology  of  the  blood. 

Purpura,  Purpura  hsemorrliaglca,  or  morbus  maculosus  Werlliofii,  is  characterized 
by  the  occurrence  of  small  purplish  spots  beneath  the  skin,  and  depends  upon  infectious  and 
toxic  conditions. 

Bantl's  disease  is  a  peculiar  affection  of  unknown  origin,  characterized  by  splenomegaly, 
cirrhosis  of  the  liver,  and  secondary  anemia. 

Polycythemic  cyanosis  is  a  little-understood  affection,  characterized  by  splenic  enlarge- 
ment, cyanosis,  and  polycythemia.  The  cause  of  the  cyanosis  is  difficult  to  understand,  and 
the  polycythemia,  which  may  amount  to  9,000,000  erythrocytes  per  c.cm.,  equally  unexplained. 


CHAPTER    II. 

DISEASES  OF  THE  CARDIOVASCULAR  SYSTEM. 

DISEASES  OF  THE  HEART. 

Congenital  Malformations  of  the  Heart.— Congenital  absence  of 
the  heart  is  seen  only  in  acardiac  monsters  {g.  v.).  The  more  usual  mal- 
formations are  structural  deficiencies,  and  comprise — 

1.  Imperfect  septa. 

2.  Anomalies  of  the  arterial  orifices. 

3.  Anomalies  of  the  valves. 

4.  Persistence  of  fetal  openings. 

5.  Transpositions. 

These  malformations  are,  in  nearly  all  cases,  explained  by  irregularities  in 
embryonal  development.  The  heart  makes  its  first  appearance  in  the  embryo 
at  a  very  early  period,  in  the  form  of  a  straight  undifferentiated  tube,  which 
drops  into  the  cervical  and  still  later  into  the  thoracic  region,  at  the  same 
time  making  a  peculiar  sigmoid  curveby  which  it  becomes  much  shortened. 
A  transverse  constriction  next  separates  the  arterial  and  venous  divisions  into 
what  later  become  the  ventricles  and  auricles  respectively. 

The  transformation  of  this  simple  heart,  which  resembles  that  of  a  fish,  into 
the  double  mammalian  heart  is  accomplished  between  the  fourth  and  seventh 
weeks,  by  the  growth  of  ridges  upon  the  inner  surfaces  corresponding  to 
grooves  upon  the  outer  surface. 

The  division  of  the  auricles  begins  about  the  fourth  week,  but  is  not  com- 
pleted until  after  the  ventricles  are  divided.  The  auricular  septum  is  formed 
during  the  eighth  week,  but  an  opening,  the  foramen  ovale,  remains,  and 
permits  the  blood  to  pass  from  the  right  auricle  to  the  left  until  after  birth. 

The  formation  of  the  aorta  and  pulmonary  artery  takes  place  by  division 
of  the  truncus  arteriosus  at  the  time  the  septum  ventriculorum  is  completing 
its  formation — about  the  seventh  week. 

From  this  brief  review  of  the  developmental  stages  it  is  evident  that  all 
serious  cardiac  malformations  must  occur  during  early  embryonal  life. 

1.  Imperfect  Septa. — Should  the  septa  fail  to  appear,  the  embryo  has  a  simple  heart,  like 
that  of  a  fish.  If  the  ventricular  septum  fail  to  develop,  the  heart  remains  similar  to  that  of 
the  amphibians,  with  two  auricles  and  one  ventricle.  Such  defects  may  not  be  incompatible 
with  embryonal  development,  but  life  after  birth  is  impossible  because  of  the  inability  of  the 
individual  to  maintain  his  own  circulation. 

Incomplete  development  of  the  septa  is  more  frequent,  and  may  not  interfere  with  post- 
uterine  existence,  according  to  the  facility  with  which  the  arterial  and  the  venous  blood  mix. 

Imperfection  of  the  auricular  septum  is  common,  the  chief  cause  being  persistence  of  the 
foramen  ovale.  Imperfect  closure  of  this  orifice  is  exceedingly  common,  but  as  the  imperfec- 
tion is  usually  well  closed  by  the  reduplication  of  endocardium  springing  from  the  annulus 
ovalis,  it  may  never  be  recognized  during  life.  If  the  persistent  foramen  ovale  permits  ready 
mixing  of  the  aerated  and  non-aerated  blood,  it  makes  itself  recognized  at  once  by  cyanosis. 
The  well-known  "  blue  baby  "  suffers  from  cyanosis  depending  upon  this  cause.  The  condition 
is  incompatible  with  healthy  existence. 

2.  Abnormalities  of  the  arterial  orifices  depend  upon  irregular  division  of  the  truncus 
arteriosus  at  the  time  of  the  separation  of  the  ventricles.  Under  normal  conditions  the  division 
of  the  truncus  arteriosus  leads  to  the  formation  of  two  ostia  of  about  equal  size.  Sometimes, 
however,  the  division  is  irregular,  one  of  the  orifices  becoming,  in  consequence,  smaller  than 
normal — sometimes  so  narrow  as  to  impede  the  circulation  of  the  blood.  The  stenosis  is 
usually  at  the  pulmonary  orifice,  though  sometimes  at  the  aorta. 
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In  rare  cases  the  position  of  the  vessels  becomes  transposed  so  that  the  aorta  arises  from  the 
right  ventricle  and  the  pulmonary  artery  from  the  left. 

When  the  division  of  the  truncus  arteriosus  is  extremely  unequal,  so  that  the  establishment 
of  circulation  through  the  pulmonary  artery  is  impossible,  the  septum  ventriculorum  remains 
defective  and  the  aorta  subtends  both  ventricles.  The  ductus  arteriosus  remains  patulous, 
however,  in  these  cases,  and  the  blood  from  the  ventricles,  passing  out  through  the  aorta,  goes 
in  part  to  the  arterial,  in  part  to  the  pulmonary,  circulation  through  the  ductus  arteriosus. 
Stenosis  of  the  aorta  at  its  origin  may  be  compensated  for  by  hypertrophy  of  the  right  ventri- 
cle, and  the  discharge  of  the  systemic  blood  through  the  ductus  arteriosus  into  the  aorta  beyond 
the  stenosis. 

3.  Abnormalities  of  the  Valves. — The  auriculoventricular  valves  are  not  infrequently  ab- 
normal in  length  and  adjustment,  so  that  they  imperfectly  close  the  orifices.  The  chorda  tendinea 
may  also  be  too  short  and  prevent  the  otherwise  well-formed  valves  from  closing.  The  aortic  and 
pulmonary  valves  may  be  excessive  or  may  be  deficient  in  number.  Valvular  defects  do  not, 
however,  interfere  with  the  proper  performance  of  the  function  of  the  heart,  as  they  are  usually 
compensated  for  by  hypertrophic  and  other  changes  in  the  muscular  structure  of  the  heart. 


Fig.  235.— Defects  in  auricular  septum,  as  seen  from  right  auricle,  which  is  laid  open 

(after  Musser). 


4  Persistence  of  Fetal  Openings.— Immediately  after  birth  the  necessity  for  the /oramra 
male  and  ductus  arteriosus  disappears,  as  the  direction  of  the  circulation  becomes  changed 
through  the  development  of  the  pulmonary  circulation.  These  openmgs,  therefore,  immedi- 
ately prepare  to  close  and  cease  to  exist  a  few  days  after  birth.  Should  either  of  them  fail-  to 
do  so,  however,  the  arterial  and  venous  bloods  are  permitted  to  mix,  to  the  physiologic  detri- 
ment of  the  individual.  ,       .  ,  .  ,  .  .u 

5  Transposition  of  the  great  vessels,  the  aorta  arising  from  the  right  ventricle  and  the 
pulmonary  artery  from  the  left  ventricle,  is  a  very  rare  anomaly.  In  such  cases  the  appearance 
of  the  whole  heart  is  reversed,  as  the  right  ventricle  becomes  thick-walled,  while  the  left  remams 
thin.     Other  defects  are  usually  present  in  such  cases. 


DISEASES  OF  THE  PERICARDIUM. 

There  are  but  few  recorded  cases  of  malformation  of  the  pericardium.  In  a  few  rare  cases 
in  which  the  heart  was  present  the  pericardium  was  also  congenitally  absent.  It  is  absent  in 
acardiac  monsters.  The  relation  of  the  pericardium  to  the  heart  is  sometimes  abnormal,  the 
membrane  is  sometimes  incomplete,  and  the  heart  may  escape  from  the  pericardium  through 
defects  in  its  structure. 

Hyperemia. — Active  hyperemia  is  usually  preliminary  to  inflammation. 
Passive  hyperemia  occurs  in  cases  of  cardiac  or  other  affections  characterized 
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by  venous  engorgement.  The  veins  are  unusually  prominent,  and  in  long- 
continued  cases  dilated.  Passive  hyperemia  is  not  infrequently  associated 
with  non-inflammatory  watery  accumulations  in  the  pericardium— y^^^w/m- 

CO-  fdiu  fn  • 

Hemorrhage  into  the  pericardium — hematopericardium — is  not  common. 
Subserous  petechial  or  ecchymotic  patches  are  sometimes  met  with  in  scurvy, 
purpura,  and  the  infectious  diseases.  Actual  bloody  exudate  sometimes 
characterizes  cancerous  and  tuberculous  inflammations.  In  traumatic  lesions 
of  the  pericardium  itself,  and  especially  in  cases  of  rupture  of  the  heart, 
great  vessels,  or  aneurysms,  the  pericardium  may  be  full  of  blood. 

Pericarditis.— Inflammation  of  the  pericardium  is  the  most  important 

lesion. 

Etiology  of  Pericarditis.— Cases  whose  cause  cannot  be  determined  are 
described  as  idiopathic.  As  we  gain  more  complete  knowledge  of  the  sub- 
ject, however,  the  number  of  primary  idiopathic  cases  becomes  smaller. 

1.  Primary  pericarditis  may  be  idiopathic  or  dependent  upon  undiscover- 
able  causes ;  traumatic,  depending  upon  injuries  inflicted  upon  the  pericar- 
dium direcriy,  or  infectious,  and  dependent  upon  bacteria  which  have 
entered  from  the  intestine,  the  tonsils,  or  through  insignificant  lesions,  and 
are  accidentally  brought  to  the  pericardium.  Primary  inflammation  of  the 
pericardium  also  occurs  in  nephritis. 

2.  Secondary  pericarditis  is  caused  either  by  direct  or  by  indirect  infec- 
tion of  the  pericardium  from  previously  existing  lesions.  Thus,  in  rheuma- 
tism the  micro-organisms  in  the  blood  commonly  produce  inflammation 
of  the  pericardium.  Abscesses  of  the  mediastinum,  abscesses  of  the  lung, 
tuberculous  cavities  of  the  lung,  ulcerations,  of  the  stomach  with  fistula,  dis- 
eases of  the  bronchial  lymphatic  glands,  and  a  variety  of  other  diseases  of 
contiguous  organs  may  cause  invasion  of  the  pericardium  both  directly  by 
rupture  into  its  cavity  or  indirectly  by  lymphogenous  metastasis.  The  en- 
trance of  foreign  bodies  through  the  ruptured  esophagus,  etc.,  also  produces 
suppurative  pericarditis. 

Morbid  Anatomy. — Pericarditis  is  of  variable  severity,  sometimes  present- 
ing itself  in  a  mild  form  characterized  at  first  by  hyperemia  and  later  by  a 
serofibrinous  exudate.  According  to  the  severity  and  duration  of  the  disease, 
there  may  be  only  a  moderate  quantity  of  exudate  (200-400  c.c.)  or  there 
may  be  as  much  as  two  liters.  Alonzo  Clarke  has  seen  a  case  in  which  the 
pericardium  was  so  distended  as  to  contain  four  liters  of  seropurulent  fluid. 
The  serum  may  be  clear  and  amber-colored,  but  usually  is  clouded  from  sus- 
pended flocculi  of  fibrin.  The  pericardium  itself  is  thickened,  slightly 
roughened,  velvety  where  not  covered  with  exudate,  and  coated  with  fibrin 
which  may  form  either  occasional  flakes  and  granules  or  an  even  layer  upon 
the  surface,  or,  as  is  still  more  frequent,  occur  as  an  irregularly  deposited, 
sticky  accumulation.  The  movements  of  the  heart  have  a  good  deal  to  do 
with  the  appearances.  On  the  anterior  surface,  where  the  heart  is  only 
occasionally  in  contact  with  the  pericardium,  the  movements  of  the  heart 
roll  the  fibrin  flakes  into  villus-like,  rounded  masses,  while  posteriorly  and 
inferiorly,  where  the  pressure  of  the  heart  is  uniform  and  constant,  the  fibrin 
spreads  out  like  a  membrane,  resembling  the  omentum.  Considerable-sized 
exudates  sometimes  present  the  appearance  described  as  "  bread  and-butter 
pericardium,"  because  of  the  mixed  yellow-and-white  appearance  and  the 
irregular  surface  which  Laennec  described  as  looking  like  approximated 
buttered  surfaces  quickly  separated. 

In  still  more  marked  cases  the  fibrinous  exudate  appears  as  cords  and 
shaggy,  coarse,  woolly  projections,  making  the  surface  of  the  heart  appear 
hairy  or  villus  (cor  villosum). 
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In  the  course  of  time  the  serum  is  absorbed,  the  fibrin  gradually  disin- 
tegrates, the  replacement  of  the  exudate  by  newly  formed  connective  tissue 
takes  place,  and  the  heart  becomes  united  to  the  pericardium  by  firm  fibrous 
tissue  which  resists  its  movements,  and  by  making  tension  upon  its  valves, 
sometimes  brings  about  subsequent  hypertrophy,  or  fibrous  cords  which  bind 
the  cardiac  and  parietal  pericardia  together  here  and  there,  or,  if  the  epicar- 
dium  is  chiefly  afifected,  causes  the  heart  to  become  more  or  less  invested 
with  a  connective-tissue  rind. 

When  organization  is  delayed  and  nutrition  bad,  deposition  of  lime-salts 
occurs  in  the  inflammatory  exudate,  and  concretions  of  greater  or  less  magni- 
tude are  formed.     These  may  exist  simply  as  circumscribed  thin  deposits  or 


Fig,  236.— Fibrinous  pericarditis ;  pericardium  turned  back  to  show  the  surface  of  the  heart 
covered  with  fibrinous  formation  (Orth). 


may  be  so  diffuse  and  extensive  as  to  surround  the  heart  by  a  stony  encase- 
ment. 

The  entrance  of  infectious  agents  into  the  pericardium  by  external  punc- 
ture, by  the  perforation  of  abscesses  and  tuberculous  lesions  of  the  lung, 
mediastinum,  stomach,  esophagus,  etc. ,  causes  the  formation  of  a  purulent 
inflammation  yn'iXh.  pyopericardium.  If  the  patient  lives,  the  cycle  of  changes 
is  identical  with  that  of  the  simple  serofibrinous  inflammation  unless  the 
purulent  collection  be  too  great  to  be  absorbed,  when  the  pus  will  burrow 
and  "point."  The  pointing  and  evacuation  may  be  from  some  point  in  the 
neighborhood  of  the  heart — usually  at  the  base  of  the  pericardium — but  may 
be  in  the  neck,  in  the  back,  or  as  low  as  the  renal  region.  It  may  be  mis- 
taken for  retroperitoneal  abscess.  If  the  pus  remain  and  putrefactive  bac- 
teria enter,  pneumopericardium  is  formed. 

Pathologic  Histology. — There  is  nothing  peculiar  about  the  microscopic 
appearance.  There  are  more  or  less  infiltration  with  round-cells,  vascular 
dilatation,  and  disturbance  of  the  endothelium,  which  is  proliferated  or  de- 
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stroyed.  The  free  surface  is  thickly  covered  with  a  mass  of  fibrin,  in  part 
precipitated  from  the  exudate  and  in  part  depending  upon  subendothelial 
fibrinous  exudation  or  fibrinoid  degeneration. 

Pathologic  Physiology. — Pericardial  effusions  cause  marked  embarrassrnent 
of  the  circulation  by  pressure  upon  the  auricles  and  great  veins.  As  described 
by  Lazarus-Barlow,  the  mechanism  of  the  embarrassment  is  as  follows : 

"The  increase  of  pressure  in  the  pericardial  sac  is  an  obstacle  to  the  inflow  of  blood  into  the 
heart,  for  normally  the  inflow  of  blood  into  the  right  auricle  is  greatly  favored  by  the  difference 
in  pressure  inside  and  outside  the  thorax,  or,  more  strictly  speaking,  outside  the  thorax  and 
inside  the  great  veins  at  their  entrance  into  the  heart.  Since  the  right  auricle  receives  less 
blood  than  normal,  it  can  pass  on  less  blood  to  the  right  ventricle,  the  right  ventricle  in  its  turn 
ejecting  less  blood  into  the  pulmonary  artery  ;  the  pulmonary  blood-pressure,  therefore,  falls. 
For  the  same  reason—;',  e.,  because  the  pulmonary  artery  receives  less  blood  than  normal — less 
blood  reaches  the  left  auricle,  and  through  it  the  left  ventricle,  by  way  of  the  pulmonary  veins. 
Since  the  left  ventricle  receives  less  blood,  its  output  into  the  aorta  is  diminished,  and  dimmu- 
tion  of  output  of  the  left  ventricle,  unaccompanied  as  in  this  case  by  a  corresponding  increase 
in  the  peripheral  resistance,  is  of  necessity  associated  with  fall  of  the  aortic  blood-pressure. 

"  The  venous  blood-pressure,  on  the  otlier  hand,  i-ises  .    because  a  new  condition  has 

been  introduced  into  the  circulation  which  disturbs  the  hitherto  existing  equilibrium  between  the 
inflow  mto  and  outflow  from  the  heart.  It  is  evident,  since  the  aordc  blood-pressure  is  dependent 
upon  the  two  factors, — (a)  output  of  the  heart,  and  (l>)  peripheral  resistance  in  the  arteries,  and 
since  the  output  of  the  heart,  cceteris  paribus,  depends  entirely  upon  the  inflow  into  the  heart, — 
that,  for  the  maintenance  of  a  constant  mean  level  of  aortic  blood-pressure,  the  inflow  into  the 
heart  and  the  output  must  be  exactly  equal.  But  the  blood  which  constitutes  the  '  inflow'  is 
nothing  more  than  that  amount  of  blood  which,  as  the  result  of  hyperdistention,  passes  from 
the  arteries  into  the  veins  during  cardiac  diastole.  In  other  words,  for  the  maintenance  of  a 
constant  aortic  blood-pressure  the  amount  of  blood  which  passes  from  arteries  to  veins  during 
a  given  cardiac  diastole  must  be  exactly  equal  to  the  amount  of  blood  which  has  been  thrown 
into  the  arteries  during  the  previous  cardiac  systole,  and  vice  versa. 

"  In  the  case  of  a  dog  into  whose  pericardial  sac  oil  is  injected,  the  output  of  the  heart  is 
diminished,  but  since,  at  the  moment  before  this  occurred,  the  hyperdistention  of  the  arteries 
corresponded  to  a  greater  output,  the  amount  of  blood  which  passed  from  arteries  to  veins  also 
corresponded  to  that  greater  output.  More  blood,  therefore,  leaves  the  arterial  system  during 
any  given  diastole  than  enters  it  during  the  succeeding  systole  ;  an  additional  amount  of  blood, 
therefore,  becomes  stored  up  in  the  veins  with  each  heart's  diastole  until  equilibrium  is  once 
more  established,  gradually  leading  to  the  rise  in  venous  pressure  which  we  have  noted.  . 
It  is  this  rise  of  venous  pressure  which  renders  maintenance  of  the  circulation  possible  under  the 
altered  conditions,  for  it  is  obvious  that  if  the  pericardial  pressure  were  raised — to,  say,  25  mm. 
of  oil — while  the  pressure  in  the  external  jugular  and  other  veins  outside  the  thorax  remained 
at  their  normal  point,  no  blood  would  flow  into  the  right  auricle  .at  all  and  the  circulation  would 
immediately  cease.  .  .  .  As  it  is,  however,  the  venous  pressure  rises  with  the  intrapericardial 
pressure  and  always  maintains  a  slight  superiority  ;  blood,  therefore,  flows  into  the  right  auri- 
cle, and  though  the  pressures  in  arteries  and  veins  are  altered,  the  circulation  goes  on.  .  .  . 
But  the  pressure  which  can  be  attained  in  the  venous  system  has  a  limit  which  varies  with  many 
factors.  .  .  .  So  long  as  the  intrapericardial  pressure  is  below  (the  extreme  limit),  the  circula- 
tion continues,  however  poorly  ;  but  once  the  intrapericardial  pressure  reaches  this  point,  all 
possibility  of  inflow  from  veins  to  auricles  ceases  and  circulation  comes  to  a  standstill — the  whole 
ofthe  blood  of  the  body  collected  in  the  veins.  .  .  .  The  heart,  however,  in  experimental  cases, 
for  a  minute  or  thereabouts  continues  to  contract,  and  if,  during  this  time,  the  intrapericardial 
pressure  be  reduced,  circulation  reestablishes  itself.    .         .    " 

The  amount  of  fluid  necessary  to  bring  about  the  circulatory  embarrass- 
ment described  is  not  constant,  and  great  difference  exists  in  the  rapidity 
with  which  the  fluid  accumulates.  The  rapid  introduction  of  fluid  into  the 
pericardium  in  experimental  study,  and  the  sudden  entrance  of  blood  by 
rupture  of  the  heart  or  of  aneurysms,  or  of  pus  from  evacuation  of  liver 
abscesses,  hydatid  cysts,  etc.,  is  rapidly  fatal,  though  the  actual  quantity  of 
fluid  may  not  exceed  150  to  200  c.c,  while  the  gradual  collection  of  1000  to 
2000  c.c.  of  fluid  in  pericardial  effusions  may  cause  no  other  symptoms  than 
cyanosis,  because  of  the  diminished  amount  of  blood  in  the  lungs  and  in- 
creased absorption  of  oxygen  from  the  blood  retained  in  the  tissues,  the 
difference  being  simply  one  of  successful  or  unsuccessful  equilibration  of 
forces. 

Milk  Spot,  or  Friction  Sclerosis. — Upon  the  inferior  aspect  of  the 
right  ventricle  of  the  heart  milk-white  spots  varying  in  size  from  a  cent  to  a 
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half-dollar,  and  made  up  of  a  thin  layer  of  connective  tissue  deposited  below 
the  endothelial  layer,  are  commonly  seen.  These  are  the  so-called  "milk 
spots"  or  "tendinous  spots."  At  one  time  they  were  thought  to  indicate 
previous  pericarditis,  but  now  it  is  generally  believed  that  they  are  caused  by 
a  process  essentially  chronic  in  nature,  gradual  in  development,  and  in  no  way 
related  to  pericarditis  as  described.  Whittaker  prefers  to  call  them  "  friction 
scleroses."  In  addition  to  the  "milk  spots,"  friction  scleroses  frequently 
appear  as  whitish  lines  along  the  course  of  the  pericardial  vessels. 

Tuberculosis  of  the  pericardium  may  be  part  of  general  miliary  tuber- 
culosis, or  may,  in  very  rare  cases,  depend  upon  the  primary  lodgment  of 
tubercle  bacilli  in  the  pericardium.  It  is  usually  secondary  to  tuberculosis 
of  the  lungs,  bronchi,  and  bronchial  and  mediastinal  lymphatic  nodes. 
Miliary  tubercles  are  formed,  except  when  the  rupture  of  a  cavity  or  of  a 
softened  bronchial  node  permits  the  escape  of  its  contents  into  the  pericar- 
dium, when  pyopericardium  is  apt  to  result.  Conglomerate  and  cheesy 
tubercles  and  masses  sometimes  form  and  are  apt  to  be  accompanied  by  san- 
guinolent  or  puriform  collections  in  the  cavity.  In  rare  and  well-marked 
cases  the  distribution  of  tubercles  via  the  lymphatics  of  the  pericardium  leads 
to  the  ultimate  formation  of  a  universally  thickened,  nodular,  roughened 
membrane,  covering  the  heart  and  lining  the  pericardium,  in  which  sero- 
purulent  fluid  in  small  amount  is  present. 

Syphilis,  lepra,  etc.,  usually  produce  no  recognizable  changes  in  the 
pericardium. 

Actinomycosis  rarely  extends  from  the  lung  to  the  pericardium. 

Tumors  of  the  pericardium  are  usually  secondary.  Endothelioma, 
fibroma,  and  lipoma  are  rare  primary  tumors.  Sarcoma  of  the  mediastinum 
and  epithelioma  0/ the  esophagus  and  stomach  sometimes  extend  to  the  peri- 
cardium. 

Parasites — cysticercus,  echinococcus,  and  trichinae — have  been  seen  in 
the  pericardium. 
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Cloudy  swelling  of  the  myocardium  occurs  in  infectious  and  toxic 
conditions,  such  as  the  exanthematous  fevers,  phosphorus  and  arsenical 
poisoning,  etc.     It  is  apt  to  terminate  in  fatty  degeneration. 

The  heart  is  enlarged,  the  muscular  tissue  grayish-yellow  or  grayish-red 
in  color,  and  dull  upon  the  cut  surface.  The  consistence  is  somewhat  friable. 
Microscopically,  the  cells  present  the  granular  appearance  characteristic  of 
albuminous  degeneration.  The  transverse  striations  of  the  cells  are  indis- 
tinct. 

Fatty  metamorphosis  of  the  heart  muscle  is  a  common  and  serious 
disease,  which  occurs  in  marasmatic,  infectious,  and  toxic  conditions.  It 
may  be  quite  uniform  in  distribution.  When  dependent  upon  local  causes, 
such  as  the  dissemination  of  groups  of  bacteria,  alterations  in  the  coronary 
circulation,  etc.,  it  may  be  focal  and  irregular.  In  extreme  cases  the  heart 
may  present  a  uniform  yellowish  or  yellowish-gray  color,  and  its  consistence 
be  soft,  flabby,  and  lacerable.  When  cut,  the  blade  of  the  knife  becomes 
covered  with  oil,  and  drops  of  oil  may  be  scraped  from  the  surface. 

From  this  extreme  condition  the  lesion  passes  through  all  grades  of 
severity  until  almost  normal-appearing  hearts  are  reached,  in  which  one 
must  look  carefully  for  focal  areas  of  necrosis  in  the  papillary  muscles,  mus- 
culi  pectinati,  etc.,  beneath  the  transparent  endocardium.  One  of  the  most 
characteristic  appearances  is  yellowish  mottling  on  the  dark  background  of 
the  red  muscle.  A  very  marked  "tabby  mottling"  is  seen  in  pernicious 
anemia. 


400  DISEASES   OF  THE   CARDIOVASCULAR  SYSTEM. 

The  afifected  muscle-cells  contain  minute  fat-granules,  the  transverse 
striations  are  absent,  and  retrogressive  changes  are  observed  in  the  muscle 
nuclei.  In  many  cases  the  lesion  can  be  recognized  only  by  microscopic 
examination.  The  fat-droplets  in  the  cells  may  be  few  or  many,  but  usually 
remain  small  and  do  not  coalesce  to  form  drops. 

Fatty  metamorphosis  is  always  an  important  and  serious  change  that  dimin- 
ishes the  contractile  power  of  the  cells,  predisposes  to  stretching  of  the 
muscle,  with  dilatation,  and  may  lead  to  rupture  of  the  heart,  from  its  in- 
ability to  resist  the  internal  pressure  of  the  blood.  It  is  a  common  cause  of 
acute  dilatation  and  death. 

Fatty  infiltration  is  scarcely  a  disease  of  the  myocardium,  though  it 
brings  about  its  partial  disappearance.  The  infiltration  of  fat  takes  place  in 
the  subepicardial  connective  tissue,  where  a  certain  amount  of  it  is  normal, 
and  then  spreads  along  the  intermuscular  tissue,  infiltrating  cell  after  cell, 
and  causing  pressure  atrophy  of  the  muscle  tissue.  It  chiefly  affects  the  left 
ventricle.  The  depth  to  which  the  infiltrated  tissue  may  extend  is  some- 
times so  great  that  the  fatty  tissue  can  be  recognized  from  the  inner  surface 
of  the  right  ventricle.  The  condition  is  properly  described  as  obesitas 
cordis. 

Amyloid  disease  of  the  heart  is  unusual,  and  more  often  irregular  than 
uniform  in  its  distribution.  It  occurs  in  the  subepicardial  and  intermuscular 
connective  tissues. 

Necrosis  or  myomalacia  cordis  is  necrotic  softening  of  the  cardiac 
muscle,  from  which  disease  or  accident  has  withheld  the  circulation.  Its 
most  common  cause  is  sclerosis  of  the  coronary  arteries.  It  may  also  result 
from  thrombosis,  embolism,  or  senile  calcification  of  the  coronary  arteries. 

The  most  common  seat  of  disease  is  the  anterior  or  posterior  wall  of  the 
left  ventricle,  near  the  apex ;  it  may,  however,  occur  anywhere  in  the  mus- 
cular structure  of  the  heart — not  infrequently  in  the  papillary  muscles.  The 
condition  may  be  recognized  in  the  beginning  by  the  "dull  yellow  color  of 
the  affected  area.  Later  this  appears  yellowish-white,  and  the  tissue  becomes 
mushy  or  lacerable.  Its  surface  is  depressed  below  that  of  the  surrounding 
healthy  tissue.  When  examined  microscopically,  it  is  found  that  the  cells 
have  lost  their  transverse  striations  and  nuclei.  When  the  condition  depends 
upon  embolism,  hemorrhagic  infarction  may  precede  it. 

If  the  affected  area  is  large  and  extends  through  the  entire  thickness  of 
the  ventricular  wall,  rupture  of  the  heart  at  the  weakened  point  and  fatal 
hemorrhage  may  occur. 

If,  on  the  other  hand,  the  ventricle  is  able  to  withstand  the  blood-pres- 
sure, the  softening  of  the  necrotic  tissue  is  followed  by  absorption  of  a  part 
of  the  mass,  while  a  reactive  inflammation  occurs  around  it,  granulation 
tissue  is  formed  and  extends  into  it,  and  in  the  course  of  time  the  entire  ne- 
crotic area  is  replaced  by  cicatricial  tissue.  As  the  cicatrix  diminishes  in  size 
by  contraction  it  recedes  from  the  surface  of  the  heart  and  leaves  a  pucker 
or  dimple,  at  which  point  the  heart-wall  is  much  thinned  and  fibrous. 

The  cicatrix  sometimes  includes  branches  of  the  coronary  arteries,  com- 
presses them,  and  predisposes  to  similar  changes  in  other  parts  of  the  heart. 

When  considerable  muscular  tissue  is  thus  destroyed  and  replaced  by 
non-contractile  connective  tissue,  the  pressure  of  the  contained  blood  during 
contraction  acts  with  distending  force  upon  the  inelastic  cicatrix  and  causes 
it  to  bulge  more  and  more  until  a  pocket-like  dilatation  or  cardiac  aneurysm 
is  formed. 

When  the  necrosis  is  subendocardial  and  the  endothelium  destroyed,  a 
fibrinous  deposit  forms,  augmenting  in  size  until  a  form  of  cardiac  thrombus, 
known  as  a  cai-diac polypus  is  produced. 
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Bro^vn  atrophy  of  the  heart  muscle  is  a  condition  seen  in  senility  and 
in  constitutional  diseases  associated  with  profound  anemia  and  cachexia. 
The  heart  is  diminished  in  size  and  brownish-red  in  color.  The  condition 
may  not  be  recognizable  by  the  naked  eye.  When  examined  microscopi- 
cally, numerous  small  brownish  granules  of  pigment  are  found  within  the 
muscle-cells,  usually  clustered  about  the  poles  of  their  nuclei.  It  is  some- 
times difficult  to  differentiate  them  from  fat,  and  the  use  of  reagents  may  be 
necessary  for  the  purpose.  The  transverse  striations  are  less  distinct  than 
normal.  Brown  atrophy  is  not  infrequently  associated  with  fatty  degenera- 
tion of  the  muscular  tissue,  both  depending  upon  malnutrition. 

Fibroid  heart  or  fibrous  myocarditis  is,  for  the  most  part,  a  more 
or  less  circumscribed  process  that  results  from  chronic  endocarditis  with  fibrosis 
of  the  valves,  coni  arteriosi,  chorda  tendinese,  papillary  muscles,  etc.,  from 
the  healing  of  areas  of  myomalacia  cordis,  abscess,  gumma,  etc.  More  wide- 
spread fibroid  changes  may,  however,  succeed  myodegenerations  occurring  in 
the  course  of  the  infective  fevers,  chronic  passive  congestion  of  the  heart, 
and  chronic  pericarditis. 

The  heart,  according  to  the  extent  of  the  disease,  may  or  may  not  be 
enlarged.  The  connective  tissue  between  the  muscular  layers  and  betwieen 
the  muscular  bundles  is  increased,  the  increase  usually  being  associated  with 
atrophy  of  the  muscular  tissue  and  fatty  degeneration  of  the  cells  in  the 
immediate  vicinity. 

As  the  fibroconnective  tissue  is  neither  elastic  nor  contractile,  its  increase 
at  the  expense  of  the  muscular  tissue  is  extremely  disadvantageous,  and  con- 
stitutes one  of  the  most  serious  cardiac  conditions. 

Segmentation  of  the  myocardium  is  a  separation  of  the  component 
muscle-cells.  It  is  a  common  condition,  usually  preceded  by  abnormal  dis- 
tinctness of  the  cement  lines  bet-ween  the  segments. 

Fragmentation  of  the  myocardium  is  rupture  of  the  muscle-cells, 
sometimes  near  the  cement  lines,  but  more  frequently  near  the  center.     It  is" 
also  an  exceedingly  common  condition,  occurring  in  upward  of  50  per  cent, 
of  adult  hearts  examined. 

In  summarizing  a  very  comprehensive  literary  and  experimental  study  of 
the  subject  Hektoen  says:  "The  cardiac  muscle-fibers  frequently  separate 
into  muscle-cells  and  irregular  fragments.  Segmentation  and  fragmentation 
are  due  to  disproportion  between  the  vigor  and  order  of  muscular  contraction 
and  muscular  cohesion.  They  occur  in  normal  heart  muscle  due  to  excessive 
vigorous  and  irregular  contractions.  More  frequently  they  are  encountered 
in  association  with  acute  and  chronic,  secondary  and  primary,  myocardial 
changes  that  alter  the  cement,  weaken  the  plasma,  and  predispose  to  dissocia- 
tion under  normal  or  increased  heart's  action. 

"General  segmentation  is  of  brief  duration,  because  its  occurrence  is 
incompatible  with  further  cardiac  contractions.  Focal  or  limited  segmenta- 
tion may,  perhaps,  cause  incompetency  of  the  auriculoventricular  valves, 
especially  the  mitral.  It  may  lead  to  cardiac  insufficiency,  and  possibly  to 
rupture  of  the  heart.  The  fate  of  the  loosened  muscle-cells  is  not  known. 
It  seems,  however,  that  focal  dissociation  is  of  but  short  antemortem  dura- 
tion. The  occurrence  of  primary  segmentation  as  a  distinct  disease  is  not 
proven. ' ' 

Both  changes  are  most  frequently  observed  in  the  left  papillary  muscle 
and  interventricular  septum.  There  is  considerable  evidence  in  favor  of 
regarding  both  segmentation  and  fragmentation  of  the  heart  muscle  as 
artefacts. 
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DISEASES  OF  THE  ENDOCARDIUM. 

Diseases  of  the  endocardium  are  commonly  called  endocarditis,  regardless 
of  their  true  inflammatory  nature.  Though  any  part  of  the  endocardium 
may  be  affected,  the  lesions  are  most  marked  upon  its  valvular  reduplications. 

It  is  customary  to  divide  endocarditis  into  three  forms :  the  verrucose,  the 
malignant  or  ulcerative,  and  the  chronic  or  sclerotic.  As,  however,  the  dis- 
tinction between  the  verrucose  and  ulcerative  forms  is  probably  only  one  of 
degree,  it  is  rather  better  to  consider  only  two  distinct  forms — the  acute  and 
chronic  endocarditis. 

Acute  endocarditis  is  an  acute  disease  of  the  valves  of  the  heart, 
infectious  in  nature,  and  characterized  by  the  formation  of  warty  growths 
and  ulcerations  by  which  the  integrity  of  the  valves  may  be  destroyed. 

Etiology. — It  is  now  universally  conceded  that  acute  endocarditis  is  a 
secondary  affection  which  occurs  in  the  course  of  many  micro-organismal 
diseases.  It  is  most  common  in  rheumatism,  next  most  common  in  pneumo- 
nia, septic  pyemia,  and  tuberculosis,  but  has  been  seen  in  nearly  all  the 
infectious  diseases — ^ puerperal  fever,  osteomyelitis,  periostitis,  er5fsipelas, 
furuncnlosis,  dysentery,  anthrax,  suppurations  of  various  internal  and  exter- 
nal organs,  gonorrhea,  scarlatina,  variola,  measles,  diphtheria,  typhoid,  peri- 
carditis, catarrhal  pneumonia,  influenza,  syphilis.  Bright' s  disease,  and  mala- 
ria. It  has  also  been  seen  occasionally  in  some  most  trivial  affections,  such 
as  quinsy  and  mumps. 

Bacteriology. — That  micro-organisms  are  the  cause  of  the  affection  there  is  no  longer 
room  for  doubt,  as  they  are  readily  cultivated  from  the  lesions.  There  is  no  specific  bacterium 
causing  endocarditis,  but  many  varieties  can  be  found.  Of  the  species  that  have  been  culti- 
vated may  be  mentioned  Staphylococcus  pyogenes  aureus,  Staphylococcus  albus.  Strepto- 
coccus pyogenes,  IVIicrococcus  lanceolatus.  Bacillus  coli  communis,  Micrococcus  endocarditidis 
(of  Weichselbaum) ,  Bacillus  fcetidus  (of  Frankel  and  Sanger),  the  gonococcus,  and  the  tubercle 
bacillus. 

Morbid  Anatomy. — The  lesions  of  endocarditis  are  rarely  found  upon 
that  .part  of  the  endocardium  which  covers  the  muscular  substance  of  the 
heart  {mural  endocarditis),  but  are  almost  invariably  located  upon  the  valves 
(valvular  endocarditis). 

Any  or  all  the  valves  may  be  affected,  but  the  disease  most  frequently 
affects  the  mitral  and  aortic  valves,  except  in  fetal  life. 

"  In  300  cases  of  endocarditis  studied  at  the  Pathological  Laboratory  of 
Berlin,  297  were  on  the  left  side  and  32  on  the  right  side ;  268  were  confined 
to  the  left  side  alone,  and  3  to  the  right  side  alone. ' ' 

The  disease  gives  its  earliest  manifestations  near  the  edges  of  the  valves, 
at  the  surfaces  of  contact.  One  should  be  aware  that  there  are  sometimes 
slight  defects  of  structure  to  be  found  in  connection  with  the  valves,  which 
may  be  mistaken  for  the  lesions  of  the  endocarditis.  Thus,  in  the  hearts  of 
infants  it  is  not  unusual  to  find  small  projections  from  the  valves,  composed 
of  mucous  tissue  not  yet  absorbed,  but  bearing  a  partial  resemblance  to  the 
warts  found  in  endocarditis,  and  in  adults  thickenings  resembling  a  hem  at 
the  edge  of  the  mitral  valve,  depending  upon  irregular  union  of  the  two 
layers  of  endocardium  forming  the  valve,  are  sometimes  observed.  Not 
rarely  there  are  structural  defects  in  the  delicate  valvular  tissue  in  the  form 
of  small  fenestra. 

Endocarditis  probably  occurs  in  consequence  of  a  slight  alteration  in  the 
endothelial  cells,  which,  because  of  the  circulating  toxic  products  of  disease, 
undergo  changes  similar  to  those  seen  in  the  capillaries  and  lymphatics  under 
similar  stimulation,  the  cells  tending  to  become  spherical  or  fusiform  in 
shape.     This  leaves  abnormally  large  crevices  between  them,  and  affords  an 
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opportunity  for  the  direct  implantation  of  any  bacteria  circulating  in  the 
blood.  Once  in  such  a  nidus,  the  bacteria  produce  more  or  less  serious 
changes  according. to  their  biologic  peculiarities ;  or  it  may  be  that  the  infec- 
tion of  the  valve  is  indirect,  the  bacteria  reaching  its  tissue  through  the  coro- 
nary circulation,  in  support  of  which  it  must  be  pointed  out  that  the  lesions 
do  not  form  at  the  edges  of  the  valves  when  there  are  no  capillaries,  but  at 
the  lines  of  contact,  to  which  capillaries  extend. 

In  rheumatism  and  pneumonia,  which  are  the  most  common  causes  of  the 
disease,  the  changes  are  of  a  comparatively  mild  type.  In  the  immediate 
neighborhood  of  the  invading  micro-organisms  there  is  necrosis  of  the  val- 
vular tissue,  whose  endothelial  cells  and  deeper  connective-tissue  cells  change 
into  a  hyaline  mass.      Beyond  this  an  infiltration  of  the  tissue  by  small 


Fig.  237. — Chronic  verrucose  endocarditis  of  the  aortic  valves,  showing  the  warty  pro- 
jections from  their  edges.  The  valves  are  at  the  same  time  thickened  and  stiffened  by  scle- 
rotic changes. 


round-cells  usually  occurs  in  the  valvular  structure.  Fibrin  is  deposited 
upon  the  abnormal  surface  of  the  valve,  layer  by  layer,  sometimes  including 
some  erythrocytes  and  leukocytes,  until  a  small  warty  excrescence  is  formed 
at  each  invaded  point.  This  form  is  known  as  verrucose,  polypose,  or  villous 
endocarditis,  according  to  the  size  and  appearance  presented  by  the  projec- 
tions upon  the  valves. 

The  verrucosities  are  not  infrequently  torn  loose  by  the  passing  blood- 
stream, causing  embolism,  while  small,  denuded,  sometimes  suppurating, 
ulcers  remain.  Cases  in  which  numerous  such  lesions  have  formed  are 
described  as  pustular  endocarditis. 

Combinations  of  verrucose,  polypoid,  villous,  and  pustular  lesions  can 
occur  upon  the  same  valve,  representing  different  conditions  caused  by  the 
infectious  agents.     The  condition  persists  for  a  longer  or  shorter  time,  and 
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then  gradually  passes  into  a  chronic  condition  in  which  reparative  changes 
take  place,  and  the  warty  excrescences  are  replaced  by  permanent  connective 
tissue,  and  the  valves  reinforced.  These  changes  will  be  more  fully  discussed 
in  speaking  of  chronic  endocarditis. 

When  the  disease  is  caused  by  more  virulent  micro-organisms,  the  changes 
are  correspondingly  more  destructive  and  the  condition  is  described  as 
ulcerative  or  malignant  endocarditis.  In  this  form  of  the  disease  the  avas- 
cular tissue  of  the  valve  slowly  melts  away  before  the  invading  bacteria.  In 
the  deeper  parts  of  the  valve  the  layers  of  endocardium  may  be  separated  by 
intermediate  purulent  collections,  which  later  evacuate  and  leave  extensive 
ulcerations  upon  one  or  the  other  valvular  surface.     The  normal  vessels  of 


Fig.  238. — Malignant  endocarditis  of  an  aortic  valve,  showing  villous  projections  and  ulcera- 
tions.    A  small  stick  is  introduced  into  a  fenestration  in  the  valve. 


the  valve  dilate,  and  new  vessels  are  formed.  There  is  a  slow  attempt  at 
organization,  but  instead  of  having  smooth  borders,  the  lesions  almost  invari- 
ably heal  with  irregular  villous  prolongations,  consisting  of  granulation  tissue, 
with  more  or  less  superimposed  fibrin.  These  may  later  be  torn  loose  by  the 
passing  blood  and  bring  about  infectious  embolism  of  remote  organs. 

It  is  not  unusual  for  the  loss  of  tissue  from  combined  necrosis  and  suppu- 
ration to  bring  about  perforations  of  the  \Si\ves,— fenestration, — so  that  they 
are  no  longer  competent  to  withstand  the  backward  flow  of  the  blood,  and 
when  the  fenestra  are  large  and  the  destruction  is  progressive,  the  valve  may 
remain  attached  to  the  heart  by  a  single  slender  pedicle  which  itself  may 
later  be  broken  and  permit  the  valve  itself  to  enter  the  circulation  as  an 
embolus.  The  congenital  fenestrations  are  readily  differentiated  from  those 
of  endocarditis  by  the  absence  of  inflammatory  thickening  and  induration. 
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When  the  valvular  destruction  has  not  extended  so  far,  one  surface  may 
be  eroded  and  weakened,  so  that  it  yields  to  the  pressure  of  the  blood  after 
closure,  and  allows  the  formation  of  a  pouch  called  an  acute  valvular  aneurysm. 
A  case  has  been  reported  in  which  a  warty  excrescence,  attached  by  a  thread 
of  endocardium  torn  from  the  edge  of  the  aortic  valve,  accidentally  entered 
one  of  the  coronary  arteries,  plugging  it  and  causing  almost  instant  death, 
with  symptoms  resembling  angina  pectoris. 

Ulcerative  endocarditis,  being  infectious,  does  not  remain  localized  upon 
the  valve,  but  produces  lesions  in  the  conus  arteriosus,  the  contiguous  myo- 
cardium, and  part  of  the  aorta  as  well.  These  all  show  purulent,  degenera- 
tive, or  proliferative  changes. 

Sclerotic  endocarditis  or  chronic  endocarditis  is  a  chronic,  pro- 
gressive, sclerotic  affection  of  the  valves  of  the  heart,  characterized  by  thick- 
ening, stiffening,  calcification,  and  incompetency  of  the  valves.  It  some- 
times, perhaps  usually,  succeeds  acute  endocarditis.  It  may,  however,  occur 
as  an  independent  affection,  essentially  chronic,  progressively  destructive,  and 
ultimately  fatal. 

It  is  characterized  by  sclerosis  and  mineralization.  When  the  inflamma- 
tory phenomena  of  endocarditis  have  subsided,  the  process  of  repair  begins. 
Cicatrization  of  the  denuded  surfaces  takes  place,  the  warty  excrescences  are 
sometimes  made  permanent  by  connective-tissue  proliferation,  and  the  infil- 
trated portions  of  the  valve  become  thickened.  In  this  manner  the  acute 
endocarditis  recovers,  but  leaves  behind  it  permanent  alterations  of  the  valves 
which  exert  a  marked  deleterious  influence  upon  the  circulatory  function. 
The  thickening  detracts  from  their  elasticity  and  stiffens  them,  so  that  they 
neither  close  easily  to  prevent  the  regurgitation  of  the  blood,  nor  open  readily 
to  permit  its  outflow,  and  the  projections  from  their  edges  offer  resistance  to 
the  streaming  blood  (obstruction). 

Contractions  of  cicatricial  bands,  and  especially  thickening  and  shorten- 
ing of  the  chorda  tendinece,  prevent  the  proper  closure  of  the  valves  (regurgi- 
tation). Calcification  of  the  poorly  nourished,  newly  formed  tissue  is  very 
common. 

In  cases  that  originate  per  se  the  appearances  are  different  because  there 
have  been  no  preceding  destructive  valvular  lesions. 

Primary  sclerotic  endocarditis  receives  its  name  in  consequence  of  the  pro- 
liferative changes,  which  resemble  those  seen  in  the  repair  of  inflammations. 
The  disease  is  probably  more  correctly  spoken  of  as  fibrosis. 

Etiology. — Many  cases  depend  upon  local  disturbances  of  nutrition  and 
resemble  "  atheroma  "  of  the  blood  vessels.  It  is  essentially  a  disease  of  old 
age.  Excessive  physical  strain,  acting  as  a  trauma  of  the  valves,  may  predispose 
to  sclerotic  changes.  Heredity  seems  to  play  a  part  in  the  etiology  of  the 
affection,  and  alcoholism,  gout,  chronic  rheumatism,  and  various  other  dis- 
.  orders  indicative  of  general  bad  nutrition  or  followed  by  fibrosis  and  arterio- 
sclerosis are  associated  with  it.  Syphilis  is  also  a  probable  cause,  and,  like 
alcohol,  can  be  blamed  for  most  of  the  sclerotic  changes. 

Morbid  Anatomy. — The  essential  lesions  of  sclerotic  endocarditis  are 
two — fibroid  induration  and  calcification.  The  valvular  leaflets  are  slowly 
and  insidiously  invaded  by  a  progressive  deposit  of  fibroconnective  tissue, 
which  takes  away  their  elasticity,  produces  a  striking  opacity,  and  gradually 
transforms  them  into  thickened,  inelastic,  irregular,  badly  fitting  barriers 
with  curled,  thickened,  and  rounded  edges  that  sometimes  remain  competent 
to  maintain  the  integrity  of  the  circulation,  though  they  more  often  fail  to 
do  so.  The  valves  are  not  the  only  tissues  involved,  as  it  is  common  to  see 
the  chorda  tendine^  thickened  and  shortened,  pulling  upon  the  valves  so  as  to 
prevent  their  closure,  and  not  infrequently  the  conus  arteriosus  so  involved 
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that  the  contraction  of  the  connective  tissue  reduces  the  size  of  its  outlet  to 
a  considerable  extent. 

Mineralization  of  the  fibroid  and  indurated  structure  is  frequent.  When 
the  destructive  process  common  in  the  vessels — atheroma  {q.  v.') — takes  place 
upon  the  valves,  which  is  not  rare,  the  mineral  matter  is  deposited  beneath 
the  endocardium  in  the  form  of  flattened  plates,  which  may  project  from  the 
surface  of  the  valve  like  fish-scales.  When  the  mineralization  occurs  in  the 
deeper  tissues,  the  entire  valve  may  be  so  altered  in  texture  as  to  be  immov- 
able, brittle,  and  mineralized,  its  appearance  being  less  altered  than  its  texture. 
The  highest  degree  of  mineralization  probably  occurs  in  the  aortic  valves. 

Sometimes,  but  probably  only  in  cases  in  which  acute  endocarditis  has 
denuded  the  valvular  leaflets  of  their  endothelium,  the  segments  unite,  and 
one  finds  such  anomalies  as  two  aortic  leaflets  instead  of  three,  etc.  Careful 
examination  will  usually  make  clear  the  mode  of  formation,  but  the  extent 
of  the  deformity  niay  be  such  that  in  the  narrowed,  elongated  conus  the 
partially  united  valves  may  close  the  opening,  with  the  exception  of  a  cen- 
tral slit  through  which  a  lead-pencil  will  scarcely  pass  ("button-hole" 
orifice). 

Marked  stenosis  of  the  conus  arteriosus  is  probably  more  marked  after 
prenatal  endocarditis. 

As  the  sclerosis  progresses,  the  muscular  tissue  becomes  more  or  less  affected, 
atrophies,  and  is  replaced  by  fibrous  tissue.  Hyaline  degeneration  of  the 
fibers  is  common,  amyloid  disease  of  the  muscular  tissue  is  said  to  occur, 
and  round-cell  infiltrations  scattered  here  and  there  throughout  the  muscle- 
cells  are  quite  common. 

Hypertrophy  of  the  ventricles  usually  occurs  to  compensate  for  the  valvular 
defects,  and  may  in  turn  be  followed  by  dilatation. 

Mural  endocarditis, 'or  inflammation  of  the  endocardium  covering  the 
muscular  walls  of  the  heart,  is  not  common,  though  seen  in  acute  endocar- 
ditis. It  may  occur  in  consequence  of  myocardial  abscesses,  gummata,  or 
tuberculous  lesions  of  the  myocardium  extending  to  the  endocardium. 
Fibrin  deposits  upon  the  diseased  surface,  and  protects  it  from  the  streaming 
blood  until  cicatricial  changes  can  be  completed. 

After  cicatrization  a  callous  spot  remains  upon  the  inner  wall  of  the  ven- 
tricle. 

In  atheroma  the  ventricular  endocardium  is  also  sometimes  involved,  but 
only  in  extremely  rare  cases  without  conspicuous  alteration  of  the  valves. 

VALVULAR  INCOMPETENCE-INSUFFICIENCY  AND  STENOSIS. 

In  nearly  all  cases  valvular  incompetence  results  from  endocarditis.  It 
may,  however,  depend  upon  violent  muscular  exertions,  which  so  increase 
the  blood-pressure  as  to  cause  traumatic  injury  or  aneurysmal  dilatation  of 
the  valves  and  upon  neoplasms  or  polypoid  excrescences  which  interfere  with 
their  proper  movements. 

Valvular  incompetence  either  permits  the  regurgitation  of  blood  into 
the  cavity  of  the  heart  through  an  imperfectly  guarded  orifice,  or  prevents  the 
escape  of  the  blood  through  a  contracted  opening.  Insufficiency  with  regur- 
gitation results  from  fenestration,  rupture,  and  ulceration  of  the  valves,  adhe- 
sion of  the  valves  to  the  wall  of  the  heart,  stiff'ening,  calcification,  and  fibroid 
mduration  of  the  valves,  so  that  closure  is  impossible.  Obstruction  or  steno- 
sis,  on  the  other  hand,  occurs  when  polypoid  or  villous  verruca  form  upon 
the  edges  of  the  valves;  when  valvular  leaflets  have  united  by  inflammatory 
connective  tissue;  when  fibroid  induration  has  narrowed  the  ventricular 
ostium,  or  when  marked  calcification  has  made  the  valves  immovable.     In 
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either  case  the  function  of  the  heart  is  embarrassed.  The  extent  to  which 
the  embarrassment  of  the  circulation  may  progress  will  depend  in  part  upon 
the  particular  valve  affected  and  the  age  and  vitality  of  the  patient  and  his 
ability  properly  to  compensate  by  hypertrophy,  etc.,  for  the  damage  done. 

CARDIAC  HYPERTROPHY. 

Cardiac  hypertrophy  is  enlargement  of  the  heart  depending  upon  increase 
of  its  muscular  tissue.  It  is  both  simple  and  numerical,  the  number  and 
size  of  the  muscle-cells  being  increased. 

Etiology. — It  has  but  one  immediate  cause — overwork. 

1.  Resistance  to  the  Action  of  the  Heart. — i.  Extrinsic  Resistance 
TO  THE  Movements  of  the  Heart.— (a)  The  action  of  the  heart  is  greatly 
impeded  in  pericarditis  with  adhesions.  It  is  in  cases  of  this  kind  that  some 
of  the  largest  hearts  are  seen. 

{F)  Displacement  of  the  heart  by  morbid  growths,  aneurysnis,  empyemas, 
etc.,  increases  its  work  and  causes  it  to  hypertrophy. 

2.  Intrinsic  Resistance  to  the  Movements  of  the  Heart. — {a)  Val- 
vular lesions  with  insufficiency  and  obstruction  require  that  the  strength  of 
the  heart's  action  be  increased  to  compensate  for  tlie  impediment.  The  en- 
largement of  the  heart  in  these  cases  is  usually  greatest  in  the  parts  imme- 
diately involved.  It  is,  however,  unusual  to  find  hypertrophy  of  a  single 
chamber,  because  it  is  almost  impossible  for  increased  blood-pressure  to  be 
exerted  within  one  chamber  of  the  heart  without  jn  some  measure  affecting 
the  others. 

The  best  illustration  of  this  is  probably  seen  in  the  most  common  valvular  lesion,  mitral 
regurgitation.  In  this  affection,  when  the  left  ventricle  contracts,  all  the  blood  does  not  escape 
from  its  cavity  into  the  aorta,  but  some  of  it  returns  to  the  left  auricle,  which,  under  the  con- 
stant unusual  pressure,  is  obliged  to  offer  increased  resistance,  which  it  does  by  increasing  the 
amount  of  its  muscular  structure — hypertrophy.  The  increased  auricular  pressure  occasioned 
by  the  return  of  blood  from  the  ventricle  causes  obstruction  of  the  pulmonary  veins  and  capil- 
laries, from  which  the  blood  fails  to  escape  into  the  pulmonary  veins,  and  compels  a  secondary 
hypertrophy  of  the  right  ventricle  in  order  that  the  blood  may  be  more  forcibly  driven  from 
them  into  the  left  auricle. 

The  compensatory  hypertrophy  brought  about  in  this  way  may  cause  the  thickness  of  the 
right  ventricle  to  equal  or  even  exceed  that  of  the  left.  When  extremely  hypertrophied,  the 
right  ventricle  may  form  the  apex  of  the  heart. 

Hypertrophy  of  the  left  ventricle  usually  occurs  in  consequence  of  disease 
at  the  aortic  valve.  In  aortic  insufficiency  with  regurgitation  the  heart  may 
become  enormous,  meriting  the  term  cor  bovinum,  sometimes  applied  to  such 
hearts. 

(J>)  The  presence  of  cardiac  thrombi,  cardiac  aneurysms,  morbid  growths, 
congenital  defects,  etc. ,  all  predispose  to  hypertrophy  of  the  heart  by  increasing 
its  work. 

3.  Contraction  and  Rigidity  of  the  Arterial  System.- — Increased 
resistance  in  the  peripheral  circulation  from  abnormalities  of  the  blood 
vessels  increases  the  work  of  the  heart  and  compels  it  to  hypertrophy.  The 
most  common  cause  of  this  resistance  is  arteriosclerosis,  but  there  are  cases 
on  record  in  which  congenital  contractions  of  the. arterial  system  and  abnor- 
mal narrowness  of  the  aorta  have  coexisted.  , 

Violent  physical  exertion  seems  to  interfere  with  the  cardiac  action  and 
lead  to  hypertrophy.  This  may  depend  in  part  upon  the  difficulty  of  driving 
the  circulating  blood  through  rapidly  and  violently  contracting  muscles,  as 
well  as  in  the  unusual  demands  for  nutrition  made  necessary  by  the  increased 
work.     Athletes  of  all  kinds  experience  enlargement  of  the  heart. 

The  hypertrophy  of  left  ventricle  that  accompanies  Bright' s  disease  of 
the  kidneys  depends  upon  excessive  stimulation  of  the  heart  by  noxious 
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products  retained  in  the  circulation,  as  well  as  upon  the  arterial  constriction 
resulting  from  the  same  cause. 

Diseases  of  the  lungs,  such  as  emphysema,  by  causing  obliteration  of 
many  capillaries  and  compression  of  the  remainder  by  the  distended  air- 
cells,  increase  the  work  of  the  right  ventricle  and  cause  its  hypertrophy. 

II.  Abnormal  innervation  of  the  heart  is  a  not  infrequent  cause  of  hyper- 
trophy. The  hypertrophy,  under  these  circumstances,  is  rarely  considerable, 
and  is  likely  to  be  more  symmetric  than  when  depending  upon  obstruction. 
Irritation  of  the  vagus  nerve,  such  as  occurs  in  certain  pathologic  conditions 
of  the  medulla  or  in  irritations  in  the  peripheral  nerve  by  tumors,  etc.,  may 
lead  to  cardiac  hypertrophy.  Exophthalmic  goiter  is  almost  constantly  asso- 
ciated with  enlargement  of  the  heart,  presumably  depending  upon  its  over- 
stimulation by  the  accumulated  products  of  the  gland. 

The  excessive  use  of  tobacco,  coffee,  and  other  cardiac  stimulants  by  per- 
sons susceptible  to  their  effects  may  also  cause  enlargement  of  the  heart. 

Morbid  Anatomy. — The  hypertrophied  heart  is  abnormally  large  and 
heavy.  From  the  normal  250  to  280  grams,  the  weight  may  run  up  to  1600 
grams.  The  symmetry  of  the  organ  is  disturbed.  Hypertrophy  of  the  left 
ventricle  increases  the  length  of  the  heart ;  hypertrophy  of  the  right  ven- 
tricle, its  breadth.  The  auricles,  when  hypertrophied,  are  probably  always 
dilated  as  well,  and  appear  unusually  large  and  prominent.  The  thickness 
of  the  ventricular  wall  is  always  greatest  near  the  base,  thinning  toward  the 
apex.  Indeed,  in  some  cases  this  thinning  at  the  apex,  while  probably  not 
abnormal,  contrasts  so  markedly  with  the  thickness  near  the  base  as  to  sug- 
gest that  rupture  at  the  apex  during  the  powerful  contractions  would  be  an 
easy  accident.  It  is,  however,  unknown,  probably  because  of  the  direction 
of  the  muscular  movements. 

One  must  be  cautious  in  pronouncing  judgment  upon  hearts  which  have 
ceased  to  act  in  systole  and  are  in  rigor  mortis.  Osier  recommends  that  they 
be  soaked  in  water,  thoroughly  relaxed,  and  then  measured.  Thickness 
beyond  20  to  25  mm.  indicates  hypertrophy  of  the  left  ventricle ;  beyond 
4  to  7  mm.,  hypertrophy  of  the  right  ventricle. 

The  muscular  substance  of  the  hypertrophied  heart  is  dark  red  in  color 
and  firm  in  texture.     It  cuts  with  resistance. 

The  hypertrophy  is  not  limited  to  any  particular  part  of  the  muscular 
structure,  but  in  the  affected  chambers  involves  all  the  columnae  carnese,  mus- 
culi  papillares,  musculi  pectinati,  etc.  The  following  forms  of  hypertrophy 
are  described : 

I.  Concentric  hypertrophy,  in  which  the  ventricular  wall  is  thickened  at 
the  expense  of  its  capacity,  which  is  diminished.  This  must  be  exceedingly 
rare. 

II.  Simple  hypertrophy,  in  which  the  ventricular  wall  is  thickened  without 
any  apparent  change  in  the  capacity. 

III.  Eccentric  hypei-trophy  or  hypertrophic  dilatation,  in  which  the  ven- 
tricular capacity  is  increased  and  the  ventricular  walls  are  hypertrophied. 
This  is  the  most  common  condition. 

So  long  as  a  hypertrophied  heart  is  competent  to  carry  on  its  function 
without  producing  symptoms  indicative  of  circulatory  disturbance,  it  is  said 
to  be  a  sufficient  hypertrophy.  Insufficient  hypertrophy  signifies  either  that 
the  heart  has  been  unable  to  hypertrophy  sufficiently  to  overcome  its  embar- 
rassment, or,  having  done  so,  has  subsequently  failed.  The  most  common 
outcome  of  this  insufficiency  or  lost  compensation  is  dilatation. 

The  results  of  cardiac  hypertrophy  may  be  serious.  An  overstimulated 
hypertrophied  heart  may  cause  so  great  an  increase  of  blood-pressure  as  to 
occasion  rupture  of  the  aorta  and  death,  or  so  increase  the  arterial  pressure 
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as  to  injure  the  vessels  and  capillaries,  especially  in  the  kidney,  and  thus  cause 
secondary  changes  in  the  organs.  It  also  predisposes  to  arteriosclerosis  and 
apoplexy. 

CARDIAC  DILATATION. 

Cardiac  dilatation  is  an  increase  in  the  size  of  the  heart,  which  depends 
upon  the  stretching  and  yielding  of  the  muscular  walls. 

The  condition  may  be  acute  and  without  previous  appreciable  disease  of 
the  organ,  or,  as  is  much  more  often  the  case,  chronic,  succeeding  hyper- 
trophy. On  this  account  dilated  hearts  may  have  abnormally  thick  or  abnor- 
mally thin  walls. 

Etiology. — There  are  two  immediate  causes  of  dilatation:  (i)  Failure 
of  the  nutrition  of  the  cardiac  walls ;  (2)  increased  endocardial  blood- 
pressure. 

The  failure  of  nutrition  is  probably  the  most  frequent  cause  of  dilatation 
in  hypertrophied  hearts,  the  integrity  of  whose  tissue  depends  upon  a  com- 
pensatory increase  of  nutrition.  The  capacity  of  the  coronary  arteries  not 
being  unlimited,  the  heart  cannot  increase  in  bulk  indefinitely,  for  a  time 
must  come  when  the  muscle  will  demand  more  nourishment  than  it  can 
receive,  and,  failing  to  get  it,  will  begin  to  degenerate.  In  nearly  all  cases 
the  very  cause  that  occasions  the  enlargement  of  the  heart — endocarditis 
with  subsequent  sclerosis — ^affects  the  orifices  of  the  coronary  arteries  and 
diminishes  their  caliber,  gradually  shutting  off  the  blood-supply  of  the  heart 
when  it  is  most  needed. 

Sudden  acute  dilatation  is  sometimes  seen  in  typhoid  and  other  low 
febrile  conditions  associated  with  general  malnutrition,  and  after  excessive 
muscular  efforts  performed  by  those  in  somewhat  poor  physical  condition. 

Morbid  Anatomy. — The  heart  is  enlarged,  soft,  flabby,  and  full  of 
blood.  The  dilatation  is  more  often  in  the  right  than  in  the  left  ventricle, 
and  more  frequently  in  the  left  than  in  the  right  auricle.  The  most  extreme 
degree  of  dilatation  is  probably  seen  in  aortic  insufficiency.  In  mitral 
stenosis  the  left  auricle  suffers  most,  and  may  be  dilated  to  several  times  its 
normal  size,  while  at  the  same  time  the  right  chambers  of  the  heart  are  also 
dilated.  It  is  usual  to  find  several  cavities  similarly  affected  and  distended 
with  blood. 

When  the  heart  is  opened,  the  large  size  of  its  cavities  and  the  flaccid 
condition  of  its  muscle  are  conspicuous.  The  walls  may  be  thin  or  thick, 
according  to  circumstances,  and  the  existence  of  dilatation  must  be  judged 
by  the  size  of  the  cavities.  The  auriculoventricular  orifices  are  much 
enlarged  and  relaxed,  and  the  valves  show  undoubted  evidence  of  having 
been  incompetent.  The  muscular  substance  may  show  marked  fatty  degen- 
eration in  acute  cases,  moderate  degeneration  in  chronic  cases. 

If  one  ventricle  is  considerably  dilated,  the  septum  ventriculorum  may 
encroach  upon  the  other. 

Pathologic  Histology. — When  the  cardiac  walls  are  examined,  it  is 
found  that  marked  cellular  changes  are  present.  The  endocardium  is  apt  to 
appear  clouded  or  opaque,  particularly  in  the  auricles,  and  the  muscle  is  apt 
to  show  signs  of  fatty  degeneration.  It  may  be  uniformly  yellowish  in  color, 
or  show  irregular  yellowish  streaks  or  mottlings. 

When  examined  microscopically,  one  finds  fatty  metamorphosis  of  the 
muscular  substance  the  most  frequent  pathologic  change. 

CARDIAC  ATROPHY. 

Atrophy  of  the  heart  fs  not  uncommon.  It  occurs  chiefly  in  marasmatic 
conditions,  such  as  senility,  chlorosis,  phthisis,  starvation,  passive  congestion 
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with  increase  of  the  intermuscular  connective  tissue  of  the  organ,  and  in 
cases  of  pericarditis  in  which  the  heart  is  pressed  upon  by  dense  pericardial 
connective-tissue  bands.  Amyloid  disease  of  the  kidneys  is  also  mentioned 
as  a  cause.  Cases  are  on  record  in  which  the  heart  is  said  to  have  been 
reduced  to  one-half  its  normal  size. 

When  examined,  the  atrophied  heart  is  found  to  be  smaller  than  normal, 
pale,  or  dark  brown  (brown  atrophy,  g.  v.),  flabby,  and  relaxed.  It  may  at 
times  present  what  is  described  as  a  "withered-apple"  appearance,  when 
the  epicardium  is  thrown  into  wrinkles  upon  its  surface. 

The  fatty  tissue  of  the  subepicardium  is  absorbed,  the  disappearance  of 
the  fat  being  associated  with  the  appearance  of  some  mucous  tissue.  The 
vessels  upon  the  surface  of  the  heart,  on  account  of  the  retraction  of  the 
diminished  tissue,  appear  to  be  abnormally  serpentine. 

PATHOLOGIC  PHYSIOLOGY  OF  THE  CARDIAC  DISEASES. 

It  is  erroneous  to  conceive  of  the  different  cardiac  lesions  as  independent 
entities.  Every  important  lesion  of  any  part  sooner  or  later  occasions 
embarrassment  of  the  whole  heart.  Disease  of  the  pericardium  or  endocar- 
dium leads  to  fibroid  and  atrophic  changes  of  the  myocardium,  by  which  its 
expansile  and  contractile  powers  are  diminished.  Disease  of  a  valve  is  com- 
pensated for  by  hypertrophy  of  the  wall  of  a  chamber,  which  in  its  turn  dis- 
turbs the  circulatory  equilibrium  of  the  whole  system  and  at  the  same  time 
demands  a  local  increased  nutrient  supply.  Disease  of  the  coronary  arteries, 
by  diminishing  their  caliber,  predisposing  to  thrombosis,  or  in  any  other 
mannpr  diminishing  the  nutrition  of  the  ventricles,  soon  produces  structural 
changes.  Thus  any  particular  lesion  of  the  heart  must  sooner  or  later  be- 
come a  disease  of  the  whole  heart.  The  manifestations  will,  however,  vary 
according  to  the  origin  of  the  lesion  and  the  associated  conditions.  These 
manifestations  do  not  always  occur  at  the  seat  of  primary  disease,  as  is  well 
shown  in  cases  of  mitral-valve  disease,  which  ultimately  produces  death  through 
dilatation  and  loss  of  compensation  of  the  right  side  of  the  heart. 

The  conditions  found  in  the  heart  are,  therefore,  extremely  complicated 
and  correlated,  and  the  consideration  of  the  pathologic  physiology  of  the 
heart  may  be  divided  into  : 

1 .  The  effect  of  cardiac  lesions  upon  the  heart  itself. 

2.  The  effect  of  cardiac  lesions  upon  other  viscera. 

3.  The  effect  of  lesions  of  other  viscera  upon  the  heart. 

I.  The  Effect  of  Cardiac  Lesions  upon  the  Heart  Itself. — The 
.  most  frequent  disease  of  the  heart  is  endocarditis,  its  lesions  appearing  in 
connection  with  the  valves.  Two  chief  results  follow — stenosis  and  regurgi- 
tation. The  left  side  of  the  heart  is  usually  affected — the  rnitral  valve  most 
commonly,  the  aortic  valve  next.  Primary  disease  of  the  right  valves  is  rare. 
Taking  the  valvular  lesions  in  the  order  of  frequency,  we  have  to  consider : 

A.  Mitral  Insufficiency. — This  is  failure  of  the  mitral  valve  properly  to  close  during  the 
ventricular  systole  and  prevent  the  blood  from  escaping  into  the  auricle  instead  of  passing 
into  the  aorta. 

When  the  ventricular  systole  occurs,  most  of  the  blood  passes  out  through  the  normal 
aortic  orifice,  but  some  returns  again  to  the  left  auricle,  from  which  it  had  just  been  received. 
During  the  auricular  diastole  the  auricle,  therefore,  receives  a  double  source  of  supply,  blood 
entering  from  the  lungs  through  the  pulmonary  veins,  and  from  the  left  ventricle  through  the 
imperfectly  closed  auriculoventricular  orifices  guarded  by  the  diseased  mitral  valve.  This 
double  source  of  supply  causes  the  blood-pressure  in  the  auricle  to  rise,  so  that  at  the  time 
of  the  next  auricular  systole  a  quantity  of  blood  beyond  the  normal  is  driven  into  the  left 
ventricle,  which  is  slightly  stretched  in  consequence  and  is  required  to  contract  more  forcibly 
to  discharge  the  excess  of  blood.  Hypertrophy  of  the  left  ventricle,  therefore,  occurs  in 
mitral  regurgitation.  The  hypertrophy  is,  however,  not  the  result  of  overcoming  a  serious 
impediment  to  the  circulation,  but  of  successfully  discharging  an  excessive  quantity  of  blood. 
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It  is,  therefore,  not  so  great  as  occurs  in  some  other  lesions.  The  ventricle,  however,  as  it 
compensates  by  hypertrophy  for  its  extra  labor,  succeeds  in  driving  more  blood  into  the 
auricle  through  the  insufficient  valve,  thus  making  the  increased  auricular  pressure  perma- 
nent. As  the  orifices  of  the  pulmonary  veins  are  not  guarded  by  valves,  this  increase  in 
pressure  is  not  purely  auricular,  but  soon  increases  the  pressure  within  the  pulmonary  veins 
and  their  radicles,  which  become  overdistended  with  blood.  This  may  cause  secondary  dis- 
ease of  the  lungs,  but  leaving  that  out  of  consideration  at  the  present  moment,  it  must  be 
apparent  that  no  considerable  increase  of  pressure  can  occur  in  the  distribution  of  the  pul- 
monary veins  without  augmenting  the  pressure  in  the  pulmonary  artery  and  making  it  more 
difficult  for  the  right  ventricle  to  empty  itself  against  that  pressure.  This  increased  work  of 
the  right  ventricle  is  naturally  a  cause  of  compensatory  hypertrophy  which  may  attain  consid- 
erable proportions.  The  balance  is  now  quite  well  established,  and  we  find  that  the  disease 
of  the  mitral  valve  has  resulted  in  hypertrophy  of  the  left  ventricle,  dilatation  of  the  left 
auricle,  passive  congestion  of  the  lungs,  and  hypertrophy  of  the  right  ventricle.  So  long  as 
this  balance  is  maintained  the  individual  is  safe,  but  should  secondary  changes  interfere  with 
the  integrity  of  the  tricuspid  valve, — and  this  can  happen  in  hypertrophic  dilatation  of  the 
right  ventricle, — so  that  it  becomes  insufficient  and  part  of  the  blood  during  the  ventricular  sys- 
tole returns  into  the  right  auricle,  not  only  does  the  right  auricle  become  greatly  embarrassed 
by  having  to  work  against  a  double  obstacle, — the  increased  pressure  in  the  pulmonary  artery 
during  systole  and  the  excess  of  blood  received  during  diastole, — which  soon  wear  it  out,  but 
during  the  period  of  tricuspid  insufficiency  the  increased  blood-pressure  in  the  right  auricle, 
caused  by  the  returning  blood  from  the  ventricle  during  systole,  is  felt  in  the  vense  cavae  and  a 
universal  venous  turgescence  results.  When  the  disease  reaches  such  a  stage,  death  is  near, 
but  its  immediate  cause  is  the  embarrassment  of  the  secondarily  affected  right  ventricle,  not 
of  the  primarily  diseased  left  side  of  the  heart. 

The  primarily  diseased  mitral  valve,  though  originally  incompetent,  may,  while  the  con- 
ditions above  described  are  developing,  become  entirely  changed  through  the  development 
of  fibroid  changes  in  the  diseased  tissue,  so  that  the  valves  not  only  embarrass  the  circulation 
of  the  blood  by  failing  to  close  during  ventricular  systole,  but  also  fail  to  open  properly  their 
contracted  segment,  and  thus  offer  obstruction  to  the  entrance  of  blood  into  the  ventricle. 
Thus  a  new  evil  is  added,  which  modifies  the  existing  balance  and  causes  further  changes. 

Murmurs. — The  pathologic  lesions  are  accompanied  by  the  development  of  new  sounds 
of  the  heart.  In  mitral  regurgitation  this  sound  or  murmur  is  best  heard  at  the  apex  of  the 
organ  during  ventricular  systole.  It  is  variable  in  quality  and  intensity,  and  may  consist  in  a 
long-pitched,  sighing  sound,  or  a  higher  pitched,  blowing  sound.  It  is  synchronous  with  the 
first  sound,  which  it  may  replace.  Following  the  sound  in  its  transmission  through  the  chest 
it  is  most  distinctly  heard  in  the  left  axilla  and  at  the  angle  of  the  left  scapula.  The  time 
of  the  murmur  is  always  distinctly  systolic,  for  the  reason  that  it  is  caused  by  the  passage  of 
the  blood  into  the  auricle  during  the  ventricular  systole.  . 

Pulse. — The  failure  of  the  full  normal  quantity  of  blood  to  escape  into  the  aorta  with  each 
cardiac  pulsation  naturally  diminishes  the  acuteness  of  the  pulse  and  affects  its  volume.  The 
rapidity  will  not  show  marked  alterations  except  during  failure  of  compensation. 

B.  Mitral  Stenosis. — In  primary  mitral  stenosis  the  blood  in  the  left  auricle  is  obstructed 
in  its  passage  through  the  auriculoventricular  orifice  into  the  left  ventricle.  The  immediate 
results  are  that  the  left  ventricle,  failing  to  receive  enough  blood  to  work  upon,  may  atrophy 
in  uncomplicated  cases.  To  compensate  for  the  obstruction  at  the  auriculoventricular  orifice, 
the  left  auricle  is  bound  to  hypertropliy.  The  compensation  thus  afforded,  however,  increases 
the  pulmonary  pressure,  impedes  the  exit  of  blood  throu^  the  pulmonary  capillaries,  predis- 
poses to  disease  of  the  lungs,  and  increases  the  work  of  the  right  ventricle  so  that  the  second- 
ary cardiac  involvements  in  mitral  stenosis  are  practically  identical  with  those  of  mitral  insuf- 
ficiency, and  failure  of  compensation  and  death  occur  in  the  same  manner. 

Murmurs. — The  murmur  in  this  case  is  caused  by  the  blood  whirling  through  the  con- 
stricted orifice  during  the  auricular  systole.  The  sound  is  probably  formed  at  the  mitral  valve, 
and  is  most  distinctly  heard  directly  above  it.  The  direction  of  the  blood  passing  through  the 
orifice  is  directly  downward,  so  that  the  murmur  is  transmitted  to  the  epigastrium,  where  it  is 
most  distinctly  heard  at  the  ensiform  cartilage.  It  is,  however,  nowhere  better  heard  than  at 
the  mitral  valve  itself.     It  can  also  be  heard  at  the  apex. 

The  time  of  the  murmur  is  usually  given  z.%  presystolic,  though  some  writers  believe  it  to  be 
systolic. 

Pulse. — As  the  essential  peculiarity  of  the  lesion  is  inability  of  the  blood  readily  to  enter 
the  left  ventricle,  and  from  it  the  systemic  circulation,  it  of  necessity  follows  that  the  pulse  will 
be  small  and  indistinct.  Combinations  of  mitral  stenosis  and  insufficiency  are  extremely  fre- 
quent, for  the  reason  already  explained. 

C.  Aortic  Stenosis. — Aortic  stenosis  is  the  most  frequent  senile  lesion  of  the  heart.  The 
Semilunar  valves,  because  of  fibrosis  or  calcification,  stand  out  in  the  way  of  the  blood  as  it 
passes  from  the  left  ventricle  into  the  aorta.  In  cases  without  complicating  mitral  disease  the 
brunt  of  the  resulting  inconvenience  falls  upon  the  left  ventricle,  which,  failing  during  systole 
successfully  to  discharge  its  contents,  finds  itself  overdistended  and  obliged  to  work  much 
harder.     The  result  is  compensatory  hypertrophy. 

Murmurs. — The  murmur  accompanying  aortic  stenosis  is  formed  during  the  escape  of  the 
blood  from  the  ventricle  into  the  aorta.  It  is,  therefore,  systolic  in  time.  It  is  most  loudly 
heard  at  the  point  of  formation — i,  e.,  over  the  aortic  valve  in  the  second  right  intercostal 
space. 
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The  sound  is  conveyed  by  the  blood  into  the  vessels,  and  can  be  heard,  according  to  its 
intensity,  in  the  carotids,  axillaries,  and  sometimes  in  the  femorals,  and  even  in  the  smallarteries 
of  the  leg  and  foot, 

Pa/j^.— There  is  nothing  characteristic  about  the  pulse  of  aortic  stenosis. 

D.  Aortic  Insufficiency. — Regurgitation  of  blood  from  the  aorta  into  the  left  ventricle  is 
extremely  common  in  disease  of  the  semilunar  valves.  The  ventricle  contracts,  throws  the 
blood  into  the  aorta,  but  because  of  failure  of  the  semilunar  valves  properly  to  close,  the 
elastic  recoil  of  the  arterial  system  returns  more  or  less  of  the  blood  into  the  ventricle.  The 
left  ventricle  now  receives,  in  addition  to  the  blood  passing  into  it  from  the  left  auricle  through 
the  auriculoventricular  orifice,  an  almost  equal  quantity  from  the  distended  arteries,  and  dis- 
tention with  excessive  effort  and  marked  compensatory  hypertrophy  result.  Some  of  the 
largest  hearts  result  from  the  compensatoiy  efforts  in  aortic  insufficiency.  As  long  as  the  mitral 
valve  is  normal,  the  left  ventricle  is  alone  compromised  and  proceeds  to  hypertrophy  without 
alteration  of  the  other  chambers,  increasing  the  length  of  the  heart  disproportionately.  When 
the  hypertrophied  ventricle  fails  to  compensate  for  the  growing  evil,  or  when  nutritional  changes 
supervene,  the  mitral  orifice  begins  to  relax,  and  mitral  insufficiency  is  added,  with  its  accom- 
panying train  of  auricular  distention,  pulmonary  congestion,  hypertrophy  of  the  right  ven- 
tricle, etc. 

The  termination  of  the  case  is  more  frequently  by  sudden  failure  of  the  hypertrophied  left 
ventricle  to  continue  its  labors  than  through  the  involvement  of  the  other  side  of  the  heart. 
Failure  of  compensation  is  usually  sudden,  and  sudden  death  is  frequent  in  consequence. 

Association  of  aortic  stenosis  and  insufficiency  is  extremely  frequent.  Associated  aortic 
and  mitral  disease  is  not  uncommon. 

Murmur. — The  murmur  of  aortic  regurgitation  is  formed  at  the  aortic  valve,  and  is  there 
heard  with  greatest  intensity.  Its  sound  seems  to  be  transmitted  better  through  the  sternum 
than  other  tissues,  so  that  one  can  readily  follow  it  along  that  bone  to  the  xiphoid  cartilage. 
The  murmur  is  diastolic.  Lazarus-Barlow  points  out  that  as  the  direction  of  the  blood  form- 
ing the  murmur  is  toward  the  apex  of  the  heart,  it  might  be  expected  that  it  would  be  trans- 
mitted along  the  septum  and  best  heard  at  the  apex.  The  reason  given  for  its  failure  to  be  so 
transmitted,  which  is  a  very  plausible  one,  is  that  the  murmur  occurs  during  the  diastole,  at 
which  time  the  apex  of  the  heart  recedes  from  the  chest-wall. 

Pulse. — The  effect  of  the  contraction  of  an  enormously  hypertrophied  ventricle  alternating 
with  a  sudden  collapse  of  the  arterial  tension  as  the  blood  returns  to  the  ventricle  is  a  pulse 
characterized  by  a  very  forcible  but  suddenly  collapsing  quality.  To  it  the  name  of  "  water- 
hammer  "  or  "  Corrigan  "  pulse  is  given.  In  typical  cases  one  can  readily  diagnosticate  the 
lesion  of  the  heart  by  placing  the  finger  upon  the  pulse. 

E.  Pulmonary  Stenosis. — This  lesion  is  usually  congenital,  and  is  commonly  associated 
with  permanence  of  the  ductus  Botalii,  and  frequently  with  imperfection  of  the  septum  ven- 
triculorum.     In  rare  cases  it  may  occur  in  after-life  because  of  vegetations  upon  the  valves. 

The  disturbances  of  circulation  are  very  complicated  in  the  congenital  cases,  because  of 
the  accompanying  imperfections,  so  that  it  is  difficult  to  describe  the  changes.  The  difficulty 
of  driving  the  blood  through  the  narrowed  orifice  induces  hypertrophy  of  the  right  ventricle. 

Murmur. — There  is  usually  a  systolic  murmur  heard  over  the  pulmonary  area  to  the  left 
of  the  sternum  in  the  second  intercostal  space.  It  is  like  the  murmur  of  aortic  stenosis,  but  is 
not  transmitted  to  the  arterial  system.  The  pulmonary  second  sound  is  weak  and  may  be 
replaced  by  a  diastolic  murmur. 

F.  Pulmonary  Insufficiency. — This  also  is  usually  dependent  upon  congenital  malforma- 
tion of  the  parts,  the  most  frequent  of  which  seems  to  be  fusion  of  two  segments.  It  may  be 
acquired  in  cases  of  malignant  endocarditis. 

The  condition  is  so  rare  that  little  positive  information  is  at  hand  concerning  it. 

Murmurs. — The  murmur  is  diastolic,  heard  over  the  pulmonary  area,  and  is  transmitted 
downward  along  the  sternum,  but,  according  to  Osier,  cannot- always  be  differentiated  from 
the  murmur  of  aortic  insufficiency. 

G.  Tricuspid  Stenosis. — This  lesion  may  be  congenital  or  acquired.  It  is  uncommon, 
and  in  the  majority  of  cases  is  secondary  to  disease  of  the  left  side  of  the  heart,  and  forms  one- 
of  the  most  serious  complications  of  mitral  stenosis.  The  inability  of  the  blood  to  pass  the 
tricuspid  orifice  causes  engorgement  of  the  venje  cavae.  Cyanosis  and  dropsy  are  the  chief 
symptoms. 

Murmur. — A  presystolic  murmur  can  usually  be  heard  in  the  midsternum  near  the  ensi- 
form  cartilage.     The  murmur  does  not  appear  to  be  transmitted. 

H,  Tricuspid  Insufficiency. — This  is  a  frequent  affection,  occurring  after  endocarditis, 
though  more  frequently  after  diseases  of  the  lungs  associated  with  obstruction  of  the  circula- 
tion. It  thus  accompanies  emphysema,  chronic  bronchitis,  and  fibroid  induration.  The  cir- 
culation becomes  embarrassed  by  the  return  of  blood  into  the  right  auricle,  retention  of  blood 
in  the  venae  cavas,  consequent  cyanosis  and  venous  engorgement,  such  as  characterize  tricuspid 
stenosis  and  mitral  regurgitation. 

Murmur.— T\\ete.  is  a  murmur,  systolic  in  time,  but  heard  at  the  midsternal  line  and  trans- 
mitted toward  the  epigastrium.  The  murmur  is  usually  soft  and  low,  bv  which  it  can  be 
differentiated  in  a  few  cases  from  the  higher  pitched  and  harsher  mitral  murmurs.  It  may  rarely 
be  heard  as  far  as  the  axilla,  but  usually  is  limited  in  distribution. 
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Order  of  Frequency. 

Area. 

Time. 

Transmission. 

Lesion. 

±.  Mitral  regurgitation . 

Apex. 

Systolic. 

Left  axilla  and  angle 
of  left  scapula. 

Insuiificiency. 

2.  Aortic  obstruction        .    . 

Aortic. 

Systolic. 

Into  carotid. 

Stenosis  or 
roughening.' 

3.  Aortic  regurgitation     .    . 

Aortic. 

Diastolic. 

Along  sternum  to 
ensiform . 

Insufficiency, 

4.  Mitral  obstruction     .    .    . 

An  inch 
above  apex. 

Presystolic. 

Not  transmitted. 

Stenosis. 

S-  Tricuspid  regurgitation    . 

Midsternal. 

Systolic. 

Toward  epigastriuin. 

Insufficiency. 

6.  Tricuspid  obstruction  .    . 

Midsternal. 

Presystolic. 

Not  transmitted. 

Stenosis. 

7.  Pulmonary  obstruction    . 

Pulmonary. 

Systolic. 

Into  pulmonary. 

Stenosis  or 
roughening. 

8.  Pulmonary  regurgitation 

Pulmonary. 

Diastolic. 

Downward  along 
sternum. 

Insufficiency. 

The  Formation  of  Cardiac  Murmurs. — The  murmurs  of  valvular  defects  were  supposed 
by  Lsennec  to  depend  upon  the  resistance  which  the  blood  meets  in  passing  through  the  rough- 
ened and  narrowed  valvular  orifices.  Recently,  however,  a  different  theory  has  received  strong 
support,  and  it  is  now  commonly  believed  that  the  sound  depends  upon  the  eddies  that  are 
formed  by  the  circulating  blood  as  it  passes  rapidly  through  a  narrow  opening  into  a  larger 
space.  The  arguments  in  favor  of  this  theory  are  that  murmurs  are  sometimes  heard  when  no 
valvular  defects  exist,  and  that  under  certain  circumstances  murmurs  develop  in  the  veins  out- 
side of  the  heart,  without  any  roughening  to  account  for  them.  It  is  also  true  that  valvular 
defects  sometimes  exist  without  murmurs,  and  that  the  loudness  and  quality  of  the  murmur 
bear  no  relationship  to  the  character  of  the  valvular  lesion. 

The  blood-pressure  makes  great  difference  in  the  character  of  a  murmur,  increase  of 
pressure  being  associated  with  increase  in  its  harshness,  diminution  of  the  pressure  with  dimin- 
ished harshness  and  sometimes  with  its  disappearance.  For  this  reason  the  examination  of  the 
heart  of  a  patient  quietly  reclining  in  bed  or  in  an  easy-chair  should  not  be  sufficient,  but  some 
muscular  efforts  should  be  required  by  which  his  blood-pressure  will  be  elevated  and  any 
existing  murmur  made  audible. 

Cardiac  failure  is  the  inability  of  the  heart  to  maintain  its  functional 
activity. 

I.  Extrinsic  Causes. — Anemia  (pernicious  anemia),  infection,  and  in- 
toxication may  bring  about  degenerative  changes  in  the  heart  muscle,  which 
destroy  its  contractile  powers.  In  pernicious  anemia  the  very  marked  fatty 
degeneration  is  sufficient  to  account  for  the  failure,  and  in  typhoid  fever  and 
other  infectious  and  toxic  processes  the  hyaline  and  fatty  changes,  as  well  as 
the  occasional  fragmentation  of  the  cardiac  muscles,  explain  it. 

Violent  Muscular  Activity. — Extreme  muscular  activity  produces  a  very 
marked  increase  in  the  blood-pressure,  and  throws  a  marked  strain  upon 
the  left  ventricle.  This,  with  its  involved  changes,  is  experienced  by  all 
who  make  occasional,  though  unusual,  efforts, — running  for  a  car,  hastening 
up  a  long  flight  of  stairs,  riding  a  bicycle  up-hill,  etc., — and  manifests  itself 
in  shortness  of  breath  and  palpitation  which  become  decidedly  uncomfortable. 
Carried  to  an  extreme  degree,  this  increase  of  pressure  and  sudden  unwonted 
action  of  the  heart  may  bring  about  its  acute  dilatation  and  ultimate  failure. 

Rupture  of  the  heart  or  of  aneurysms,  with  escape  of  blood  into  the  peri- 
cardium, may  cause  death  in  a  few  moments  by  pressure  upon  the  auricles  and 
great  veins  and  preventing  the  entrance  of  blood  into  the  heart,  thus  lessen- 
ing the  output  of  blood  from  the  ventricles  and  leading  to  death  from 
obstruction  of  the  circulation. 

Asphyxia. — Whether  caused  suddenly  by  ligation  of  the  windpipe,  or 
slowly  by  disease  of  the  lungs,  cardiac  failure  is  the  invariable  outcome. 

With  the  cessation  of  oxygenation  and  the  accumulation  of  CO2  in  the 
blood,  the  medulla  oblongata  is  stimulated  and  sends  inhibitory  impulses  to 

I  Tabulated  by  Dr.  B.  Franklin  Stahl. 


414  DISEASES  OF  THE   CARDIOVASCULAR  SYSTEM. 

the  heart  along  the  pneumogastric  nerve.  The  tendency  of  these  impulses 
is  to  slow  the  heart  and  diminish  the  discharge  of  blood  from  the  ventricles. 
The  stimulation  of  the  respiratory  center  now  causes  active  muscular  move- 
ments whose  tendency  is  to  increase  the  blood-pressure  in  the  great  veins 
and  increase  the  quantity  of  blood  that  is  to  enter  the  heart,  thus  tending  to 
increase  the  work  of  the  right  ventricle  in  spite  of  the  inhibitory  influences. 
Increasingly  powerful  impulses  reach  the  heart  through  the  cardiac  nerves, 
tending  to  overthrow  the  effect  of  the  pneumogastric  stimulation  and  increase 
the  ventricular  action  and  produce  rise  of  blood-pressure  in  the  aorta. 

The  condition  is  well  described  by  Lazarus-Barlow  :  "  Four  forces  are  acting  upon  the  right 
heart :  (i)  Upon  the  ventricular  wall  are  acting  (indirectly)  accelerator  impulses  which  call  for 
contraction  of  the  ventricle  at  whatever  cost,  on  behalf  of  the  body  generally,  and  besides 
them — (2)  inhibitory  impulses  which,  though  protecting  the  heart,  nevertheless,  at  the  same 
time,  lead  to  diastolic  dilatation  of  the  ventricle  ;  (3)  behind  is  an  enormously  increased  venous 
pressure;  (4)  in  front  is  an  impediment  in  the  shape  of  increased  aortic  pressure.  But  from 
the  nature  of  the  case  the  initial  difficulty — i.  e.,  the  deficient  aeration  of  the  blood — not  only 
continues,  but  becomes  rapidly  more  urgent,  and  ultimately  the  cardio-inhibitory  center  be- 
comes itself  asphyxiated  and  ceases  to  act,  and  the  heart,  left  in  a  dilated  condition  and  having 
itself  been  supplied  during  the  crisis  with  venous  blood,  is  given  over  to  the  unrestrained  action 
of  the  three  remaining  forces.  Unrestrained  by  vagus  action,  and  perhaps  directly  urged  by 
the  accelerators,  overfilled  during  diastole,  it  contracts  rapidly  but  feebly,  until  at  last  the  dila- 
tation is  such  and  the  exhaustion  is  such  that  it  can  no  longer  cope  with  its  contents.  Even 
the  whole  reserve  power  of  the  ventricle  is  not,  as  a  rule,  used  up,  for  if  an  incision  be  made 
into  the  arrested  right  ventricle  of  a  dog  that  has  been  asphyxiated,  there  will  be  a  short  return 
of  systolic  contraction  when  a  portion  of  the  imprisoned  blood  has  escaped  through  the  artificial 
opening." 

2.  IisTTRiNsic  Causes. — The  intrinsic  causes  depend  upon  pericardial  ad- 
hesions, valvular  defects,  thrombi,  congenital  defects,  and  other  conditions 
which  necessitate  a  very  marked  increase  in  the  work  of  the  heart.  It  is  true 
that  all  these  causes  are  of  more  or  less  protracted  duration  and  associated 
with  the  condition  of  hypertrophy  known  as  compensation,  but  as  the  defects 
to  be  compensated  for  are  not  in  most  cases  constant  in  quality,  but  increase 
in  the  course  of  time, — stenosis  following  insufficiency  of  the  valves,  growth 
of  thrombi,  neoplasms,  etc., — the  hypertrophy  required  to  maintain  the  equi- 
librium is  increasing  and  the  demands  upon  the  muscular  wall  more  and  more 
exacting,  until  the  excess  of  labor  is  followed  by  exhaustion  and  the  hyper- 
trophied  ventricle  fails  to  respond,  dilates,  and  "compensation  has  failed." 

In  addition  to  these  conditions  it  must  be  remembered  that  the  conditions 
that  occasion  valvular  defects  also  occasion  arterial  defects,  and  that  the  cor- 
onary arteries,  being  situated  at  a  short  distance  from  the  aortic  valves,  are 
early  diseased,  thus  obstructing  the  normal  supply  of  blood  to  the  ventricular 
walls  and  hastening  the  retrogressive  changes. 

Indeed,  disease  of  the  coronary  arteries  may  cause  death  in  hearts  free  of  . 
valvular  defects  and  without  hypertrophy — angina  pectoris — just  as  well, 
though  not  so  frequently,  as  in  hypertrophied  hearts  with  valvular  defects. 

In  nearly  all  cases  of  failure  of  compensation  failure  of  nutrition  plays  an 
important  part. 

II.  The  Effect  of  Diseases  of  Other  Viscera  upon  the  Heart. — 
While  it  is  unquestionably  true  that  the  heart  is  profoundly  influenced  in 
exophthalmic  goiter  {q.  v.),  for  some  reason  not  yet  positively  determined, 
and  equally  influenced  in  certain  psychic  conditions,  as  well  as  more  or  less 
disturbed  in  dyspeptic  affections,  the  organs  whose  morbid  conditions  most 
profoundly  influence  the  heart  are  the  lung  and  the  kidney. 

A.  Effect  of  Pulmonary  Disease  upon  the  Heart. — The  pulmonary  dis- 
eases that  exert  the  most  marked  influence  upon  the  heart  are  characterized 
by  obstruction  of  the  vessels  and  embarrassment  of  the  right  heart.  The 
chief  of  these  is  emphysema  {q.  v.),  in  which  the  walls  of  "the  air-cells  are 
unduly  stretched,  the  capillaries  also  stretched  and  attenuated,  and  finally 
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obliterated.  The  work  of  forcing  the  blood  through  the  narrowed  capillaries, 
and  the  greater  work  of  getting  all  the  blood  through  the  diminished  number 
of  capillaries,  falls  upon  the  right  heart,  whose  ventricle  compensatorily  hyper- 
trophies. The  patient  experiences  little  difficulty  so  long  as  the  hypertrophy 
is  sufficient,  but  as  the  pulmonary  conditions  become  worse  and  worse,  the 
tax  upon  the  ventricular  wall  increases  and  dilatation  with  tricuspid  regurgita- 
tion come  on.  With  the  tricuspid  regurgitation  appears  most  marked  venous 
engorgement,  as  the  blood  which  should  be  passed  out  of  the  pulmonary 
artery  is  in  part  returned  to  the  right  auricle  and  retards  the  escape  of 
blood  from  the  veins. 

In  this  manner  pulmonary  obstruction  reacts  upon  the  heart  and  may 
cause  death  by  failure  of  the  right  ventricle  successfully  to  compensate. 

B.  Effect  of  Renal  Disease  upon  the  Heart. — Nephritis  reacts  upon  the 
heart  through  poisons  which  are  retained  in  the  circulation  and  stimulate  the 
vasomotor  nerves.  Through  their  action  the  arterial  blood-pressure  is  in- 
creased and  extra  labor  thrown  upon  the  left  ventricle,  which  hypertrophies. 
The  hypertrophy  is  rarely  great. 

III.  The  Effect  of  Disease  of  the  Heart  upon  the  Other  Viscera. 
— Every  departure  from  the  normal  action  of  so  important  an  organ  as  the 
heart  is  attended  by  disturbances  in  some  part  of  the  economy.  The  most 
marked  general  effects  are  shown  in  chronic  heart  disease,  where  the  venous 
congestions  are  characterized  by  cyanosis,  congestion  of  the  lungs,  general 
venous  congestion,  with  consequent  cirrhosis  of  the  liver  and  kidneys,  varicose 
veins,  hemorrhoids,  ascites,  edema,  general  tissue  malnutrition,  and  general 
predisposition  to  infection  of  all  kinds. 
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Hypertrophy  of  the  arteries  is  not  uncommon,  and  is  seen  in  cases 
in  which  permanent  collateral .  circulation  is  established  and  in  all  cases  in 
which  hypertrophic  or  neoplastic  formations  cause  any  part  of  the  body  to 
require  a  constantly  increasing  blood-supply. 

Atrophy  of  the  arteries,  depending  upon  profound  anemia  and 
marasmus,  may  be  general  to  the  entire  vascular  system,  and  may  occur  sim- 
ultaneously with  atrophy  of  the  heart  from  the  same  general  causes. 

Local  atrophy  of  arteries  is  seen  to  follow  obstruction  by  ligation,  throm- 
bosis, etc.  The  artery  no  longer  being  required  for  the  transmission  of 
blood,  gradually  diminishes  to  a  mere  fibrous  cord,  the  muscular  tissue  all 
•disappearing.  In  cases  of  amputation  the  arteries  of  the  stump  diminish  in 
size  in  keeping  with  the  needs  of  the  tissues  to  be  supported. 

Atrophy  of  the  muscular  tissue  occasionally  follows  overdistention  of  the 
vessels. 

Fatty  degeneration  of  the  arteries  may  affect  the  intima,  the 
media,  or  the  adventitia. 

J^atty  degeneration  of  the  intima  occurs  in  the  larger  vessels  and  in  the 
capillaries.  In  the  former  it  is  most  common  in  the  condition  later  to 
be  described  as  atheroma,  and  depends  upon  disturbances  of  circulation 
in  the  vasa  vasorum.  In  the  latter  it  is  the  result  of  profound  anemia, 
marasmus,  and  certain  forms  of  intoxication.  Profound  hemorrhages  are 
also  sometimes  followed  by  sudden  fatty  degeneration  of  the  capillary  blood 
vessels  of  the  retina,  with  hemorrhage  and  consequent  sudden  blindness. 

In  the  larger  vessels  the  lesions  appear  as  larger  or  smaller,  opaque,  yel- 
lowish-white, slightly  elevated  spots.  When  a  section  is  made  through  such 
a  spot,  the  endothelial  cells  are  found  infiltrated  with  fatty  granules  and  are 
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sometimes  desquamated.  The  lower  layers  of  the  intima  contain  occasional 
areas  filled  with  fatty  droplets. 

Fatty  degeneration  of  the  media  affects  the  muscle-cells,  which  are  gradu- 
ally destroyed.  By  diminishing  the  resisting  power  of  the  vessel-wall,  the 
condition  predisposes  to  rupture  of  the  vessel  or  yielding  of  its  wall,  with 
the  formation  of  aneurysm.  Calcification  of  the  media  very  frequently  fol- 
lows the  fatty  change,  probably  depending  upon  the  same  cause. 

Fatty  degeneration  of  the  adventitia  is  without  much  interest  or  impor- 
tance.    It  occurs  in  inflammatory  conditions  and  in  various  necroses,  etc. 

Amyloid  disease  of  the  arteries  is  common,  especially  in  the  smaller 
vessels  of  the  liver,  kidney,  and  spleen.  The  change  is  first  seen  in  the 
intima  of  the  larger  vessels  and  the  media:  and  adventitia  of  the  smaller  ones. 
The  change  can  be- observed  to  excellent  advantage  in  the  delicate  capillary 
loops  of  the  renal  glomeruli. 

Hyaline  degeneration  of  the  vessels  is  not  uncommon.  Unfortu- 
nately, the  latitude  given  by  authors  to  the  term  "hyaline  "  makes  it  prob- 
able that  not  all  the  conditions  in  which  it  is  said  to  occur  are  similar. 
Probably  the  most  frequent  occurrence  of  hyaline  degeneration  takes  place 
in  the  intima  of  the  large  arteries  and  results  in  its  gradual  transformation 
into  homogeneous,  anuclear  substance  descending  to  the  media  and  involv- 
ing some  of  the  muscle-cells.  This  change  often  marks  the  inception  of 
atheroma. 

Calcification  of  the  vessels  is  common  in  old  age  and  in  chronic  inflam- 
matory conditions.  It  depends  largely  upon  an  altered  or  diminished  circu- 
lation within  the  vasa  vasorum.  Calcification  of  the  intima  of  the  vessel 
following  atheromatous  changes  takes  the  form  of  calcareous  plates,  which 
may  be  deposited  beneath  the  endothelial  layer  or  may  project  through  it 
and  appear  like  fish-scales  imbedded  in  the  tissue. 

In  senility  it  is  most  frequent  in  the  media,  where  the  mineral  salt  is 
deposited  in  streaks  between  the  layers  of  muscular  tissue.  Sometimes  the 
deposit  takes  on  an  annular  form,  and  it  may  reach  so  extreme  a  degree  that 
the  vessel  is  transformed  into  a  brittle,  calcareous  pipe — the  "pipe-stem 
artery. ' '  In  the  aorta  and  large  vessels  the  calcareous  salts  are  sometimes 
deposited  between  the  elastic  lamella.  The  deposit  of  mineral  salts  rarely 
takes  place  in  the  capillaries  except  in  a  few  tumors  of  the  central  nervous 
system. 

The  lime-salts  are  usually  deposited  in  the  vessel-wall  in  the  form  of  fine 
granules,  which  later  unite  to  form  plates  or  lamina.  Rarely  true  bone  is 
formed  in  the  vessel-wall. 

Necrosis  and  gangrene  of  the  blood-vessels  are  unusual,  but  occur  in 
gangrene  of  the  limbs  and  in  severe  and  destructive  inflammatory  conditions 
with  gradual  extension  to  the  vessel-wall  and  when  gangrene  occurs  in  the 
immediate  vicinity.  Necrosis  with  erosion  of  the  arteries  is  not  uncommon 
in  pulmonary  tuberculosis  with  excavation,  and  may  lead  to  diminution  of 
vascular  resistance,  with  fatal  hemorrhage  from  rupture. 

ARTERITIS. 

Inflammations  of  the  arteries  may  originate  within  or  without  the  vessel ; 
very  rarely  from  the  vessel-walls  themselves,  in  consequence  of  micro-organ- 
isms deposited  in  them  by  the  vasa  vasorum. 

Endarteritis,  corresponding  to  endocarditis,  is  an  inflammation  result- 
ing from  mechanical  or  chemical  irritation.  Such  irritants  are  usually 
emboli  resulting  from  endocardial  vegetations,  destroyed  valves,  softened 
thrombi,  etc.  The  irritation  immediately  exerted  upon  the  intima  causes  it 
to  become  roughened  and  clouded  and  to  lose  its  endothelium.     Not  infre- 
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quently  it  becomes  infiltrated  with  round-cells.  The  vasa  vasorum  are 
enlarged,  and  the  vessel  itself  is  swollen  and  hyperemic.  The  condition  is 
succeeded  by  the  formation  of  a  thrombus  in  the  lumen  of  the  vessel. 

Periarteritis  is  a  vascular  inflammation  that  follows  the  extension  of 
inflammatory  conditions  in  tissues  contiguous  to  the  vessel-wall,  or  from  ap- 
proximated foci  of  suppuration  or  gangrene.  The  disease  begins  outside 
and  slowly  invades  the  coats  of  the  vessel.  The  adventitia  appears  injected, 
edematous,  and  swollen,  and  is  slowly  loosened  in  texture  by  the  purulent 
infiltration  of  its  tissue.  The  subjacent  coat  is  gradually  invaded,  and  if  the 
disease  progresses,  the  intima  may  be  reached.  The  vessel  becomes  inelastic, 
the  swelling  contracts  the  lumen,  and  retrogressive  changes  may  occur  in  the 
muscular  substance.  If  the  inflammation  extends  to  the  intima,  its  surface 
becomes  roughened,  the  cells  detach,  and  thrombosis  is  almost  sure  to  follow. 
The  lodgment  of  infectious  emboli  brought  by  the  vasa  vasorum  may  cause 
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Fig.  239. — Acute  arteritis  resulting  from  streptococcus  infection  :  a,  Necrotic  and  eroded 
intima;  i,  small  round-cell  infiltration  of  the  intima;  c,  spaces  and  cracks  in  the  necrotic 
intimal  tissue ;  d,  detached  fragments  of  the  necrotic  tissue.  The  streptococci  are  invading 
the  tissue  in  all  directions  (Weichselbaum). 

abscess  formation  in  the  walls  of  the  larger  vessels.  Such  abscesses  evacuate 
into  the  blood-stream. 

Sclerotic  arteritis,  chronic  arteritis,  arteriosclerosis,  or  arterio- 
capillary  fibrosis,  is  one  of  the  most  frequent  and  most  important  diseases 
of  the  blood  vessels.  It  may  be  defined  as  a  fibrous  induration  of  the  arterial 
walls,  associated  with  nutritional  and  degenerative  changes.  It  is  the  prema- 
ture or  excessive  occurrence  of  changes  inevitable  to  old  age. 

Etiology. — The  causes  of  arteriosclerosis  are  numerous  and  varied,  and 
produce  the  characteristic  changes  in  different  ways. 

Heredity  seems  to  have  a  distinct  influence  upon  its  occurrence. 

Race  may  have  some  influence.  Negroes  are  said  to  show  the  disease 
more  frequently  and  earlier  than  Caucasians.  The  disease  is  almost  entirely 
confined  to  human  beings,  being  almost  never  observed  in  the  lower  animals. 

Senility  is  almost  invariably  associated  with  vascular  sclerosis.     It  may, 
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however,  occur  in  early  life.  I  have  seen  a  moderately  well-marked  aortic 
sclerosis  with  atheroma  in  a  little  girl  (negress)  only  twelve  years  of  age. 
As  a  rule,  the  disease  is  more  frequent  beyond  middle  life,  and  increases  in 
frequency  with  added  years.  Sometimes  very  aged  persons  show  no  signs 
of  it. 

Sex  seems  to  play  a  distinct  part  in  the  development  of  arteriosclerosis, 
the  disease  being  more  frequent  in  men  than  in  women,  because  of  their 
occupations  and  habits. 

Occupations. — Exertion  is  a  very  important  etiologic  factor,  because  of  the 
unequal  blood-pressure  that  it  occasions.  When  from  any  cause  the  arteries 
are  predisposed  to  sclerosis,  the  occasional  extreme  variations  of  blood-pressure 
produced  by  overexertion  become  of  great  importance  as  exciting  causes  of 
further  changes. 

Hypertrophy  of  the  heart,  by  increasing  the  vascular  tension,  acts  in  the 
same  manner  as  overexertion. 

Intoxication. — Alcoholism  is  thought  to  be  one  of  the  most  important 
causes  of  arteriosclerosis.  Lead  is  another  important  cause.  Gout  is  almost 
invariably  associated  with  arteriosclerosis,  and  probably  is  one  of  its  most 
important  causes.  Other  intoxications  by  leukomains,  indol,  etc.,  are  prob- 
ably of  importance. 

Disease  of  the  kidneys  predisposes  to  diseases  of  the  arteries  both  by 
systemic  intoxication  and  increased  blood-pressure. 

Infection. — Rheumatism  is  probably  the  most  important  infection  leading 
to  arteriosclerosis.  Syphilis  is  the  cause  of  numerous  lesions  of  the  blood 
vessels,  arteriosclerosis  being  a  common  one. 

Tuberculous  arteriosclerosis  is  comparatively  unimportant.  Its  lesions 
are  always  local  and  circumscribed,  and  are  more  apt  to  be  necrotic  than 
sclerotic. 

The  operation  and  cooperation  of  the  various  etiologic  factors  will  be  clear 
from  the  following  description  of  its  morbid  anatomy: 

Morbid  Anatomy. — The  sequence  of  events  in  arteriosclerosis  depends 
upon  the  etiology  of  the  particular  case.  Some  look  upon  the  changes 
in  the  media  of  the  vessels,  some  upon  the  changes  in  the  blood-pressure, 
some  upon  direct  damage  of  the  vessel-walls  by  circulating  poisons,  and 
some  upon  disease  of  the  vasa  vasorum  as  the  primary  starting-point  of  the 
disease. 

The  disease  is  most  common  in  the  large  vessels,  especially  the  aorta. 
With  advancing  age  there  is  a  universal  tendency  for  the  entire  arterial  system 
to  undergo  a  certain  amount  of  fibroid  change.  It  is  easy  to  understand  that 
the  increase  of  connective  tissue  in  the  walls  of  the  vessels,  accompanied  as 
it  is  by  the  disappearance  of  some  of  the  muscular  tissue,  and  often  by  changes 
in  the  elastic  lamina  constituting  the  fenestrated  membrane,  causes  them  to 
become  rigid,  aijd,  in  consequence,  less  distensible  than  normal.  If  with 
this  change  of  the  vessels  the  heart  be  overstimulated  by  exertion,  etc.,  the  in- 
creased blood-pressure,  exerting  its  distending  force  upon  the  vessel-wall,  can 
easily  cause  insignificant  cracks  of  the  media,  followed  by  more  or  less  reac- 
tive inflammation,  with  round-cell  infiltration,  and  more  connective-tissue 
proliferation.  The  vas  vasorum  that  happens  to  be  embraced  in  the  fibroid 
area  become  compressed  and  perhaps  occluded,  and  the  nutrition  of  local 
areas  of  the  vessel-wall  is  cut  off,  to  be  followed  by  retrogressive  changes — 
softening  and  hyaline  and  fatty  degeneration. 

The  connective-tissue  proliferation  forms  the  sclerosis,  while  to  the  nutri- 
tive changes  following  or  associated  with  it  the  term  atheroma  is  applied.  It 
is  thus  seen  that  arteriosclerosis  is  a  composite  process  which  begins  as  a  retro- 
gressive tissue  change,   transforms  itself  into  secondary  inflammation  with 
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reparative  cicatricial  scleroses,  and  causes  a  tertiary  nutritive  disturbance — 
atheroma. 

Arteriosclerosis  may  be  a  local  circumscribed  lesion, — arteriosclerosis  cir- 
cumscripta or  nodosa, — or  may  be  so  widely  distributed  in  large  vessels  and 
especially  in  the  aorta  that  it  may  be  difficult  to  find  any  normal  tissue — 
arteriosclerosis  diffusa. 

I.  In  the  circumscribed  form  of  arteriosclerosis  one  finds,  here  and  therfe 
upon  the  inner  surface  of  the  vessel,  rounded,  oval,  stellate,  irregular,  or 
linear  elevations  of  a  yellowish-white  or  whitish  color  and  consistence, 
varying  with  their  structure.  If  it  consists  of  connective  tissue,  the  lesion 
may  bfe  firm  and  almost  cartilaginous.  If,  on  the  other  hand,  it  has  under- 
gone retrogressive  degeneration,  which  is  common,  it  may  be  friable  or 
mucilaginous. 

The  surface  of  the  larger  rounded  patches  or  plaques  is  sometimes  smooth, 
sometimes   dimpled,   sometimes   roughened.      The  softened,  atheromatous 
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Fig.  240. — Atheroma  of  the  aorta :  a,  Thickened  intima ;  b,  calcareous  deposit  in  the  media ; 
c,  cellular  infiltration  of  the  media  (Weichselbaum). 

plaques  are  formed  through  degeneration  of  local  areas  of  the  intima,  from 
which  the  blood-supply  has  been  shut  off.  Their  covering  consists  partly  of 
degenerated  endothelium  with  a  few  connective-tissue  fibers  easily  torn  with 
the  finger-nail.  When  lacerated,  a  softened,  pap-like  mass,  which  has  resulted 
from  the  combined  fatty  and  hyaline  degeneration  of  the  tissues  of  the  intima 
and  subjacent  media,  escapes. 

The  small  cavity  is  spoken  of  as  an  atheromatous  cyst.  The  word 
"  atheroma  "  comes  from  the  Greek,  adr^pri,  mush  or  pap,  and  oiia,  tumor. 
At  one  time  it  was  thought  from  its  appearance  that  the  matter  contained  in 
these  cysts  was  pus,  but  if  it  be  examined  microscopically,  it  \€  found  to  con- 
sist of  fatty  granules,  with  margarin  and  cholesterin  crystals.  When  the 
atheromatous  cysts  have  persisted  for  some  time,  lime-salts  are  commonly 
deposited  in  the  granular  debris  in  the  form  of  fine  particles.  These  later 
coalesce  and  form  a  calcareous  mass  or  plate  the  size  and  shape  of  the  cavity 
in  which  they  form.     In  the  course  of  time  the  badly  nourished  endothelial 
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covering  is  lost  by  degeneration  and  exfoliation,  and  the  edges  or  surfaces 
project  upon  the  inner  wall  of  the  vessel.  The  degeneration  of  the  intima 
may  advance  too  quickly  to  permit  of  calcification,  and  may  even  extend 
through  its  entire  thickness,  causing  the  formation  of  excavated  defects 
known  as  atheromatous  ulcers. 

The  atheromatous  ulcer  causes  the  vascular  wall  to  become  thin  and 
abnormally  yielding,  to  compensate  for  which  nature  proceeds  to  back  it  up 
with  an  additional  connective-tissue  support,  thus  increasing  the  fibroid 
changes,  diminishing  the  distensibility,  and  predisposing  to  further  cracks  and 
more  cicatricial  and  atheromatous  changes  until  the  entire  vessel— especially 
the  aorta — may  become  diseased.  This  progressively  increasing  fibrosis  and 
elasticity  are  followed  by  hypertrophy  of  the  left  ventricle,  with  resulting 
increase  of  the  blood-pressure  and  consequent  exaggeration  of  the  whole 
process.  The  cicatrization  of  the  atheromatous  ulcers  is  slow.  Yielding  of 
the  vessel-wall  with  cylindric,  fusiform,  or  saccular  dilatations  (aneurysms) 
is  frequent  in  consequence  of  the  loss  of  elasticity,  and  the  deposition  of 


Fig.  241. — An  atheromatous  patch  in  the  abdominal  aorta  which  has  not  yet  broken 
through:  J,  Intima;  M,  media;  A,  adventitia;  b,  atheromatous  necrotic  focus  in  the  intima 
and  media;  c,  elastic  fibers  of  the  intima;  d,  elastic  fibers  which  have  persisted  between  the 
necrotic  focus  and  the  endothelial  layer ;  e,  thickened  endothelium  ;  f,  infiltration  of  the  media 
with  small  cells  (Dmitrijeff ). 

fibrin  upon  the  roughened  surfaces  is  very  common.  The  atheromatous 
lesion  is  also  a  not  infrequeftt  point  of  entrance  for  infectious  organisms 
which  accelerate  the  destructive  lesions. 

In  the  smaller  vessels  of  the  brain,  etc.,  rupture  with  hemorrhage  (apo- 
plexy) is  a  common  consequence  of  sclerotic  endarteritis  and  atheroma. 
Such  hemorrhages  may  be  fatal. 

In  the  smaller  vessels  one  of  the  most  important  effects  of  the  disease 
is  the  diminution  of  the  lumen  (endarteritis  deformans),  with  insufficient 
nourishment  of  the  tissue  in  its  distribution,  by  which  various  necrotic  and 
ulcerative  lesions  can  be  produced.  Not  infrequently  the  diseased  vessel, 
already  nearly  closed,  is  permanently  obliterated  by  thrombosis  and  its  subse- 
quent changes  (endarteritis  obliterans)  and  may  lead  to  gangrene. 

Thoma  is  of  the  opinion  that  the  diffuse  arteriosclerotic  process,  which  he 
calls  primary,  occurs  in  consequence  of  stretching  from  increased  blood-pres- 
sure, and  views  the  process  as  essentially  reparative  (compensatory)  in  nature. 
The  not  uncommon  lesions  of  the  arch  of  the  aorta  in  which  the  sclerotic  change 
■occurs  chiefly  in  the  form  of  somewhat  parallel  lines,  and  which  have,  from 
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their  resemblance  to  the  drooping  branches  of  a  weeping- willow  tree,  been 
termed  the  "willow  markings,"  may  serve  as  examples  of  the  effect  of 
blood-pressure  in  injuriously  distending  the  aorta. 

Those  who  look  upon  the  process  as  originating  in  embolic,  thrombotic, 
or  sclerotic  changes  in  the  vasa  vasorum  must  find  it  difficult  to  account 
for  cases  in  which  the  atheroma  is  limited  and  the  sclerosis  wide-spread  and 
marked. 

When  the  disease  follows  lead  or  alcohol  intoxication,  it  may  begin  in  the 
vasa  vasorum  and  lead  to  a  gradual  perivascular  inflammation  with  connec- 
tive-tissue proliferation,  obstruction,  atheroma,  reinforcement  by  connective 
tissue,  further  disturbance  in  the  nutritive  vessels,  and  greater  resulting  athe- 
roma and  sclerosis. 

The  exact  role  of  infection  in  arteriosclerosis  is  not  clear.  It  follows 
rheumatism,  endocarditis,  typhoid  fever,  scarlatina,  syphilis,  etc.,  but  may, 
in  these  cases,  have  something  to  do  with  mycotic  embolism  of  the  vasa 
vasorum.     It  may  also  have  something  to  do  with  the  general  circulatory 


Fig.  242. — Endarteritis  productiva  (DUrck). 

disturbance,  or  it  may  be  that  a  slight  existing  disease  is  accelerated  and 
exaggerated  by  the  infection,  just  as  an  old  sclerotic  endocarditis  may  become 
malignant  through  an  attack  of  an  infectious  disease. 

The  aorta  is  the  most  frequent  seat  of  sclerotic  arteritis.  It  is  usually 
most  marked  in  the  ascending  aorta,  next  in  the  arch,  and  least  so  in  the 
descending  aorta.  It  is  commonly  associated  with  disease  of  the  aortic 
valves,  and  is  very  apt  to  embrace  the  coronary  arteries,  especially  at  their 
origin.  The  splenic  artery,  the  arteries  of  the  brain  (especially  the  verte- 
brals  and  basilar),  and  the  arteries  of  the  uterus  are  commonly  affected. 
Any  artery  of  the  body  may  be  the  seat  of  the  disease. 

The  affected  aorta  is  apt  to  be  dilated— sometimes  enormously  so.  Its 
walls  may  appear  smooth,  but  usually  the  intima  is  ridged,  seamed,  nodular, 
and  calcified.  It  is  mottled  in  color  from  alternating  normal  tissue,  yellow- 
white  or  whitish  atheromatous  patches,  glistening,  calcareous  plates,  ragged, 
reddish  ulcers,  and  patches  of  red  fibrin  precipitated  upon  it.  The  finger, 
upon  passing  over  the  surface,  may  receive  a  gritty  sensation  if  mineral 
matter  is  present. 
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The  changes  may  be  limited  in  the  intima,  consisting  of  the  atheromatous 
ulcers,  cysts,  nodes,  and  calcified  areas,  or  may  involve  the  media  to  a  con- 
siderable degree. 

The  connective-tissue  proliferation  occurs  chiefly  in  the  lower  layers  of 
the  intima,  but  also  in  the  media  and  in  the  adventitia.  The  elastic  and 
muscular  tissues  may  atrophy.  Round-cell  infiltrations  occur  about  the 
nutrient  vessels.  Immediately  beneath  and  around  the  atheromatous  ulcers 
round-cell  infiltrations  with  beginning  reparative  hyperplasia  of  connective 
tissue  are  observed. 

2.  The  diffuse  form  of  arteriosclerosis  is  commonly  spoken  of  as  arterio- 
capillary  fibrosis.  Its  chief  effects  are  upon  the  smaller  arteries  and  capil- 
laries, which  undergo  thickening  of  the  walls,  with  reduction  of  caliber,  and 
may  be  completely  obstructed  (endarteritis  productiva ;  endarteritis  oblit- 
erans").   The  changes  affect  the  vessels  quite  uniformly,  and  are  chiefly  situated 


Fig.  243. — Syphilitic  arteritis :  a.  Greatly  diminished  lumen  of  the  vessel  obstructed  by 
the  eccentric  growth  of  embryonal  connective  tissue  of  the  intima  b  ;  c,  fenestrated  membrane  ; 
d,  media  infiltrated  with  round-cells  (Weichselbaum). 


in  the  intima  and  media,  which  undergo  hyaline  degeneration.  In  many 
places  the  elastic-tissue  lamina  may  entirely  disappear.  The  obstruction  of  the 
vessels  is  associated  with  atrophy  of  the  parenchyma  of  the  organ,  to  which 
the  vessel  distributes.  The  most  typical  lesions  are  probably  observed  in  the 
kidney  (see  Arteriosclerosis  of  the  Kidney).  The  diffuse  form  of  arterio- 
sclerosis is  common  in  nephritis  and  in  hypertrophy  of  the  heart.  The 
arteriocapillary  fibrosis  is  probably  one  of  the  important  predisposing  causes 
of  the  nodular  form  of  the  disease. 

When  the  sclerotic  changes  in  the  aorta  are  quite  diffuse  and  associated 
with  disappearance  of  much  of  the  muscular  tissue  of  the  media,  a  very 
marked  dilatation  commonly  occurs.  In  such  cases  the  aorta  appears  enor- 
mously capacious,  and  may  have  numerous  shallow  pouchings  at  its  thinner 
points. 

The  aortic  dilatation  bears  a  slight  resemblance  to  ectatic  aneurysm,  but 
is  not  sufficiently  circumscribed  or  exaggerated  to  be  so  classified. 
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The  aortic  orifice  of  the  heart  is  usually  much  relaxed  and  larger  than 
normal,  and  the  valves  are  large  and  flaccid.  Hypertrophy  of  the  heart  is 
usually  present  in  such  cases. 

Syphilitic  Arteritis. — In  the  local  lesions  of  syphilis  the  included 
blood  vessels  undergo  inflammatory  changes  not  essentially  different  from 
those  seen  in  other  subacute  inflammatory  conditions  and  not  infrequently 
terminating  in  endarteritis  obliterans.  In  addition  to  these,  however,  there 
are  in  both  the  local  lesions  of  early  syphilis  and  in  chronic  tertiary  syphilis 
certain  changes  of  the  blood  vessels  which  are  well  marked,  though  not  suf- 
ficiently characteristic  to  establish  a  microscopic  diagnosis  of  the  disease. 

In  both  local  and  general  syphilis  the  arterial  lesions  consist  chiefly  in  a 
cellular  proliferation.  In  the  neighborhood  of  local  lesions  it  begins  in  the 
adventitia  and  proceeds  inward,  causing  each  coat  of  the  artery,  but  espe- 
cially the  intima,  to  become  markedly  thickened  through  proliferation  of  the 
connective  tissue.  The  encroachment  upon  the  lumen  may  amount  almost 
to  obliteration. 

The  infiltrating  cells  are  partly  round-cells,  partly  fibroblasts.  In  ter- 
tiary syphilis,  the  cellular  infiltration  and  proliferation  may  take  the  form 
of  more  or  less  circumscribed  collections  of  round-  and  spindle-cells,  with 
giant-cells  exactly  corresponding  to  those  seen  in  tuberculosis.  This  lesion, 
no  doubt,  corresponds  to  miliary  gumma  (arteritis  gummosa). 

The  syphilitic  lesions  are  distinguishable  from  those  of  sclerotic  arteritis 
in  that  their  cellular  proliferations  show  little  disposition  either  to  degenerate 
or  advance  to  the  formation  of  perfect  connective  tissue.  Atheroma  also 
begins  in  the  intima,  while  Schmaus  insists  that  the  syphilitic  affections  of 
the  vessels  begin  in  the  adventitia. 

The  vessels  most  commonly  affected  in  syphilis  are  those  of  the  base  of 
the  brain.  The  elasticity  of  the  vessels  is  much  compromised  by  the  disease, 
and  at  times  ruptures  ;  at  others  aneurysmal  dilatations  may  be  observed 
as  sequelae. 

Tuberculous  arteritis  occurs  by  direct  extension  to  blood  vessels  by  continuity  and  con- 
tiguity of  the  tuberculous  tissue,  It  also  occasionally  occurs  primarily  in  cases  in  which 
tubercle  bacilli  entering  the  vasa  vasorum  are  deposited  in  the  wall  of  the  vessel  and  lead 
to  local  primary  tubercle  formation.  In  the  former  case  the  adventitia  is  first  affected  ;  in 
the  latter,  the  media  or  intima.  In  the  smaller  vessels  the  result  is  invariably  endarteritis 
obliterans,  but  in  large  vessels,  like  the  aorta,  the  lesion  becomes  covered  with  a  fibrinous 
deposit  and  continues  slowly  to  spread. 

Fortunately,  tuberculous  aortitis  is  very  rare,  and  the  tissues  of  the  aorta  are  very  resist- 
ant, so  that  the  disease  may  continue  for  a  long  time  without  necessarily  causing  either  rup- 
ture or  aneurysm.     It  may  lead  to  miliary  tuberculosis. 

In  the  smaller  vessels,  which  are  so  commonly  affected  in  pulmonary  tuberculosis,  aneu- 
rysmal dilatation  in  consequence  of  weakening  of  the  vessel-wall  from  caseous  tubercles  is 
very  common,  and  rupture,  with  hemorrhage  of  varying  size, — not  infrequently  fatal, — is  one 
of  the  frequent  accidents  of  pulmonary  phthisis. 

Periarteritis  nodosa  is  a  peculiar  affection  of  the  small  arteries  characterized  by  the 
occurrence  of  small  fibrous  thickenings  of  the  adventitia.  These  are  quite  circumscribed,  and 
seem  sometimes  to  be  of  inflammatory  origin,  sometimes  to  be  small  aneurysms  containing 
organized  thrombi.  In  some  cases  they  may  be,  as  Eppinger  has  suggested,  imperfections 
of  development.  They  may  also  at  times  result  from  infection.  They  are  most  common  in 
the  arteries  of  the  muscles  and  serous  membranes,  spleen,  abdominal  and  pelvic  organs,  and 
uterus.     Many  of  the  little  nodes  may  be  present  upon  a  single  artery. 

ANEURYSM. 

An  aneurysm  is  a  circumscribed  dilatation  of  an  artery,  resulting  from 
the  effect  of  the  blood-pressure  upon  an  injured  or  diseased  vessel-wall. 

Etiology. — There  are  two  determining  causes  of  aneurysm  :  i.  Injury  or 
disease  of  the  vessel-walls.     2.  Arterial  blood-pressure. 

I.   Injury  and   Disease  of   the    Vessel=walls. —  Traumatism   sometimes 
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plays  an  important  part  in  the  etiology  of  aneurysm,  but  disease  of  the  vessel- 
walls  is  by  far  the  most  frequent  cause.  Of  the  vascular  diseases,  the  most 
common  and  most  important  is  arteriosclerosis.  As  arteriosclerosis  follows  a 
number  of  constitutional  maladies,  it  is  commonly  said  that  age,  alcoholism, 
overexertion,  syphilis,  gout,  plumbism,  etc.,  are  predisposing  causes  of 
aneurysm.  They  predispose  to  it,  however,  solely  by  bringing  about  such 
arteriosclerotic  changes  as  may  permit  the  yielding  of  the  arterial  walls.  As 
arteriosclerosis  most  frequently  affects  the  aorta  and  great  vessels,  so  aneurysm 
is  most  frequent  in  those  vessels.  It  occurs  just  at  the  age  at  which  arterio- 
sclerosis develops.  Of  92  cases  studied  by  Hayden,  60  occurred  between 
the  thirtieth  and  sixtieth  years. 

Syphilis  and  tuberculosis  may  produce  aneurysm  by  directly  affecting  the 
tissue  of  the  vessel-wall  and  causing  a  ciestructive  periarteritis.  The  best 
illustration  of  this  is  seen  in  the  walls  of  tuberculous  cavities  of  the  lung, 
where  aneurysmal  dilatations  of  the  vessels  are  not  infrequently  observed  in 
consequence. 

Thrombosis  sometimes  causes  aneurysm'  through  the  reactive  changes  in 
the  vessel-walls  and  the  increased  pressure  in  the  vessel  above  the  obstruc- 
tion. 

Parasitic  disease  of  the  vessels,  such  as  is  produced  in  the  mesenteric 
arteries  of  horses  by  the  worm  known  as  Strongylus  armatus,  and  by  the 
occasional  invasion  of  the  vessel-walls  by  bacteria,  may  predispose  to  aneu- 
rysmal dilatation. 

2.  Arterial  Blood-pressure. — It  is  the  persistent  distending  force  of  the 
blood-pressure  that  finally  effects  the  yielding  of  the  weakened  vessel.  If 
the  vessel  is  very  weak,  it  may  rupture,  but  if  its  resistance  is  lessened  to 
a  degree  not  permitting  of  rupture  of  all  the  coats,  rupture  of  some  of  them, 
with  persistence  of  the  others,  or  a  gradual  yielding  of  all  the  coats,  may  take 
place.  The  greater  the  blood-pressure,  the  greater  the  liability  to  aneurysm. 
The  pressure  may  act  slowly  for  a  long  time  to  effect  the  dilatation  in  cases 
in  which  all  the  walls  are  involved,  or  a  sudden  great  increase  of  the  pressure 
may  abruptly  rupture  some  of  the  arterial  coats  and  cause  an  aneurysm  of 
rapid  formation. 

Morbid  Anatomy. — Aneurysms  may  be  single  or  multiple.  They  may 
be  of  enormous  size,  or  may  be  scarcely  visible  to  the  naked  eye,  as  the 
miliary  aneurysms  of  the  cerebral  vessels. 

The  most  frequent  seats  of  aneurysm  are  the  aorta,  popliteal,  femoral, 
subclavian,  carotid,  axillary,  innominate,  external  iliac,  common  iliac,  pos- 
terior tibial,  gluteal,  internal  iliac,  temporal,  vertebral,  subscapular,  brachial, 
and  radial  arteries.  According  to  Crisp'  s  statistics  of  aneurysms  of  the 
peripheral  vessels,  their  relative  frequency  is  as  follows : 


Popliteal                                   .    . 

187 

Posterior  tibial 

.      4 

Femoral  .       .                   ... 

78 

Gluteal     

2 

Subclavian         .    .           ... 

35 

Internal  iliac 

.Carotid    ... 

34 

Temporal 

Axillary  .                .            ... 

25 

23 

Vertebral 

Innominate                         .        .    . 

Subscapular        

External  iliac         .        .    . 

16 

Brachial 

Common  iliac 

4 

Radial  . 

The  most  frequent  seat  of  aneurysm  is  the  aorta.  Of  915  cases  of  saccular  aneurysm  col- 
lected by  Crisp,  328,  or  41  per  cent.,  affected  the  arch  of  the  aorta ;  105,  or  11  per  cent.,  the 
abdominal  aorta,  the  remainder  occurring  in  other  vessels. 

Of  109  cases  of  aneurysm  which  occurred  in  the  British  army,  37  arose  from  the  ascending 
arch,  38  from  the  arch  itself,  12  from  the  descending  arch,  7  in  the  thoracic,  and  15  in  the 
abdominal  aorta. 

Of  loi  cases  studied  by  Malmsten,  57  arose  from  the  arch,  17  from  the  descending,  and  4 
from  the  abdominal  aorta. 

Of  234  aortic  aneurysms  studied  by  Crisp,  175,  or  74.8  per  cent.,  arose  from  the  thoracic 
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aorta,  and  59,  or  25.2  per  cent.,  from  the  abdominal  aorta  and  its  branches.  Of  167  aneurysiiis 
of  the  thoracic  aorta,  he  found  98,  or  58.8  per  cent.,  arising  from  the  ascending  part,  and  48,  or 
28.7  per  cent.,  from  the  arch  itself,  while  21,  or  12.6  per  cent.,  arose  from  the  descending  aorta. 

I.  True  aneurysms  are  formed  by  dilatation  of  all  the  arterial  coats. 

II.  False  aneurysms,  by  dilatation  with  rupture  of  some  of  the  arterial 
coats. 

According  to  their  morphology,  aneurysms  are  divided  into — 
I.  Ectatic  Aneurysms. — The^e  are  true  aneurysms,  and  consist  of  cylin- 
dric  or  fusiform  dilatations  embracing  a  considerable  length  of  an  artery.    A 


Fig.  244. — Saccular  aneurysm  of  the  vertebral  and  basilar  arteries  (Bollinger). 


dilated  vessel  that  becomes  spirally  twisted  is  known  as  a  cirsoid  aneurysm. 
This  condition  is  not  infrequently  found  in  the  splenic  artery. 

Ectatic  aneurysms  may  eventually  become  dissecting  aneurysms  should  the 
walls  rupture. 

2.  Saccular  aneurysms  form  in  consequence  of  local  lesions  of  the  arterial 
wall,  the  dilatation  resulting  in  the  formation  of  a  pocket  or  diverticulum. 
They  may  be  true  aneurysms,  but  are  frequently  false  aneurysms  with  im- 
perfect walls. 

3.  Dissecting  aneurysms  occur  in  consequence  of  partial  rupture  of  an 
arterial  wall.  The  blood  slowly  escaping  dissects  the  intima  from  the  media, 
or  the  media  from  the  adventitia,  thus  forming  the  aneurysmal  sac.     Such 
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aneurysms  are  usually  irregular  in  form,  sometimes  saccular,  but  more  often 
working  along  the  length  of  the  vessel  for  a  considerable  distance.  The 
walls  of  a  dissecting  aneurysm  are  usually  somewhat  reinforced  by  newly 
formed  connective  tissue  on  the  outside,  and  by  deposits  of  fibrin  on  the 
inside. 

Aneurysms,  for  the  most  part,  feel  like  solid  tumors,  not  like  empty  sacs, 
their  firmness  depending  upon  contained  thrombi. 

Seen  from  within,  the  aneurysm  appears  like  a  tumor  composed  of  an  irreg- 
ular mass  of  soft,  reddish  tissue,  through  which  an  irregular  blood-channel 
passes.  In  nearly  all  cases  the  vessel-wall  is  covered  with  laminated  thrombi 
of  varying  color  and  ragged  appearance.  Where  the  removal  of  the  thrombi 
exposes  the  vessel-wall,  it  is  nearly  always  found  to  be  extensively  diseased 
(arteriosclerosis)  and  frequently  lacerated. 

Internal  Changes  in  Aneurysms. — The  dilatation  of  the  blood-vessel  takes 
place  with  great  slowness  and  is  usually  followed  by  further  disease  of  its 
walls.  It  is  also  the  immediate  cause  of  some  retardation  of  the  blood  cur- 
rent. These  two  factors  cooperate  to  bring  about  the  formation  of  parietal 
thrombi,  which  are  deposited  layer  upon  layer  until  the  size  of  the  circulating 
stream  is  brought  back  again  to  about  normal.     As  the  blood-pressure  con- 


FlG.  245, — Aneurysm  of  the  artery  of  the  Sylvian  fossa  (Orth). 

tinues  to  distend  the  aneurysm -and  increase  its  size,  more  and  more  fibrin  is 
deposited  on  the  walls.  In  this  way  a  large  mass  of  thrombi  of  different  ages 
is  formed.  When  the  condition  persists  for  a  long  time,  thrombo-arteritis 
{q.  V.)  with  productive  changes  occurs,  and  the  process  of  repair  sets  in. 
It  is  not  impossible  for  aneurysms  to  recover  spontaneously  through  thrombo- 
arteritis  and  the  replacement  of  the  thrombi  by  connective  tissue,  but  as  this 
tendency  is  opposed  to  the  powerful  distending  influence  of  the  blood-pressure, 
the  usual  course  is  progressive  enlargement  and  final  rupture. 

Spontaneous  recovery  is  possible  in  aortic  aneurysms  with  very  small 
apertures,  but  is  more  frequent  in  small  aneurysms  of  the  smaller  arteries.  It 
is  not  to  be  expected  under  any  circumstances,  however,  as  the  natural  tendency 
of  the  disease  is  toward  final  rupture. 

The  external  changes  produced  by  aneurysms  depend  upon  their  pro- 
gressive growth  and  the  pressure  they  exert  upon  the  surrounding  structures. 

The  direction  taken  by  an  aneurysm  in  its  growth  is  determined  by  its 
point  of  origin.  Unlike  an  abscess,  an  aneurysm  is  not  governed  by  the 
resistance  it  meets.  When  resisting  structures  impede  its  growth,  it  wears 
them  away  and  continues  in  its  regular  direction.  For  this  reason,  what  will 
happen  in  many  cases  of  aortic  aneurysm  can  be  predetermined  by  discover-  ' 
ing  the  point  of  origin. 
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Thus,  aneurysms  of  the  ascending  aorta  usually  arise  a  short  distance 
above  the  sinuses  of  Valsalva.  They  are  generally  small  and  early  rupture  into 
the  pericardium,  causing  sudden  death.  When  arising  higher  up  the  ascend- 
ing aorta,  they  either  project  directly  forward,  become  sufficiently  large  to 
erode  the  sternum,  and  ultimately  rupture  through  the  distended  superficial 
tissues  of  the  anterior  wall  of  the  thorax,  or  grow  toward  the  right  into  the 
right  pleural  cavity,  into  which  they  finally  rupture. 

Aneurysms  of  the  arch  of  the  aorta,  when  situated  anteriorly,  grow  for- 
ward and  erode  the  sternum  and  costal  cartilages,  or  grow  backward  and 
erode  the  spinal  column  and  tissues  at  the  roots  of  the  lung.     Aneurysms  of 


Fig.  246 — Aneurysm  of  the  arch  of  the  aorta  (Bollinger). 


the  descending  aorta  usually  project  toward  the  left  side  and  grow  into  and 
rupture  into  the  left  pleural  cavity.     They  may  also  erode  the  spinal  column. 

The  growth  of  the  aneurysms  is,  therefore,  attended  with  compression, 
erosion,  and  destruction  of  the  important  tissues  with  which  they  come  in 
contact. 

The  chief  symptoms  of  aneurysm  result  from  the  pressure  they  exert. 
Pain  of  a  deep-seated  boring  character  accompanies  the  bony  destruction  of 
the  sternum  and  vertebrae. 

The  usual  termination  is  rupture,  which  in  aortic  aneurysms  usually  takes 
place  into  the  right  or  left'pleural  cavity,  the  pericardium,  or  externally. 
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Rare  seats  of  rupture  are  the  bronchi,  esophagus,  stomach,  and  peritoneal 

cavity. 

Certain  of  the  small  arteries,  especially  those  at  the  base  of  the  brain,  are 
not  infrequently  subject  to  multiple  miliary  aneurysms  which  can  be  found  at 
autopsy  by  drawing  out  the  fine  vessels  with  forceps  and  washing  off  the 
adherent  brain  substance.  Charcot  and  Bouchard  found  them  most  frequent 
in  the  vessels  of  the  central  ganglia,  crura,  and  medulla.  The  aneurysnis 
are  usually  situated  at  the  angles  of  bifurcation.  When  studied  histologi- 
cally, one  finds  that  the  middle  coat  of  the  vessel  is  absent  in  many  cases, 
and  that  the  remaining  walls  are  thickened  and  infiltrated  with  round-cells. 
Many  authorities  regard  the  formation  of  these  aneurysms  as  a  constant  pre- 
cursor of  cerebral  hemorrhage,  and  in  the  cases  studied  by  Charcot  and 
Bouchard,  the  aneurysms  were  found  in  seventy-five  consecutive  cases. 
Schmaus  cautions  us  to  be  careful  in  regarding  all  globular  enlargements  upon 
these  vessels  as  aneurysms,  and  points  out  that  in  hemorrhagic  cases,  the  very 
ones  in  which  the  aneurysms  are  most  likely  to  be  found,  vascular  swellings 
may  occur  because  of  the  blood  from  the  hemorrhagic  focus  being  absorbed 
into  the  adventitial  lymph-spaces  and  thus  imitating  in  appearance  minute 
dissecting  aneurysms. 

Thrombo-arteritis  is  an  inflammatory  reaction  of  the  arteries  caused  by 
the  presence  of  a  thrombus.  Through  it  the  spontaneous  cure  of  aneurysms 
is  in  rare  cases  •  brought  about.  Attention  has  already  been  directed  to  the 
organization  of  thrombi  in  the  chapter  upon  Thrombosis  in  the  part  of  this 
work  devoted  to  General  Pathology. 

DISEASES  OF  THE  VEINS. 

Because  of  their  superficial  position  and  exposure  to  traumatic  injury,  the 
veins  are  more  liable  to  disease  than  the  arteries.  General  morbid  condi- 
tions may  affect  both  arteries  and  veins,  but  show  their  changes  more  con- 
spicuously in  the  arteries.  The  veins  suffer  from  the  effect  of  gravity  upon 
their  thin- walled  structures,  so  that  where  the  circulation  is  not  perfect,  there 
is  a  marked  predisposition  to  disease  of  the  veins  of  the  lower  limbs. 

The  fatty  degeneration  of  the  intima  and  media,  which  was  men- 
tioned under  the  affections  of  the  arteries,'  is  found  under  similar  conditions 
in  the  veins. 

Calcareous  infiltration  occurs  in  the  walls  of  the  veins,  especially 
when  diseased.  Amyloid  disease  affects  the  walls  of  veins  and  arteries 
alike. 

Phlebosclerosis  corresponds  to  arteriosclerosis,  but  is  not  so  common. 
The  lesions  are  similar,  except  that  sclerosis  predominates  and  atheroma  is 
much  less  frequent.  The  condition  does  not  predispose  to  aneurysm  because 
the  essential  exciting  cause — the  blood-pressure — is  absent.  The  phlebo- 
sclerosis is  more  common  in  the  veins  of  the  lower  limbs,  probably  because 
the  circulation  is  weaker  and  the  blood-pressure  greater  there.  The  in- 
creased connective  tissue  of  the  intima  not  infrequently  undergoes  calcifi- 
cation. Dilatation  of  the  venous  trunks  is  not  infrequently  associated  with 
phlebosclerosis.  The  condition  was  first  pointed  out  by  Rokitansky,  and  its 
relationship  to  arteriosclerosis  later  explained  by  Virchow.  The  morbid 
anatomy  of  the  condition  is  almost  identical  with  that  of  arteriosclerosis, 
and  consists  in  a  proliferation  of  the  connective  tissue  of  the  walls,  with  conse- 
quent disappearance  of  the  muscular  tissue  and  a  tendency  to  dilatation  from 
the  lessened  elasticity.  The  lesion  is  said  by  Birch-Hirschfeld  to  begin  with 
round-cell  infiltration  of  the  subendothelial  layer  of  the  intima,  hyaline 
degeneration  of  its  tissue,  loss  of  the  muscular-elastic  layers,  and  fibrosis. 
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The  disease  usually  begins  in  local  areas  and  spreads  until  it  becomes  diffuse 
or  even  general,  but  does  not  occasion  such  marked  changes  as  are  seen  in 
the  arteries.  Sometimes  the  change  is  discoverable  only  by  microscopic 
examination.  It  generally  accompanies  arteriosclerosis,  and,  therefore, 
probably  depends  upon  the  same  causes. 

Phlebitis,  or  inflammation  of  the  veins,  is  much  more  common  than 
arteritis.  It  may  depend  upon  thrombosis,  may  be  due  to  traumatism,  or 
may  result  from  the  extension  of  neighboring  inflammations  to  the  coats  of 
the  blood  vessels.  It  may  also  be  caused  by  micro-organisms  contained  in 
the  circulating  blood. 

Acute  purulent  phlebitis  usually  occurs  in  consequence  of  purulent  or 
gangrenous  disease  in  the  immediate  neighborhood  of  the  veins,  and 
begins  as  a  periphlebitis.  The  walls  of  the  vessel  become  infiltrated  with 
pus,  which  may  extend  quite  a  distance  along  its  length.  Sometimes  the 
vessel  is  actually  dissected  away  from  the  surrounding  tissues  by  the  pus. 
The  intima  may  or  may  not  take  part  in  the  process,  and  upon  this  fact  will 
depend  the  formation  of  thrombi  within  the  vessel.  If  the  intima  reiriain 
comparatively  normal,  the  circulation  is  maintained ;  if  the  intima  becomes 
inflamed  and  roughened,  thrombosis  is  sure  to  occur.  The  vessel-wall  may 
become  so  softened  by  the  purulent  infiltration  that  rupture,  with  more  or 
less  marked  hemorrhage,  takes  place.  Before  such  a  condition  is  reached, 
however,  thrombosis  usually  occurs  and  prevents  the  escape  of  blood. 

Upon  the  surface  of  the  part  the  diseased  veins  show  as  bluish  streaks, 
■which  are  soft  and  flexible  so  long  as  the  circulation  continues,  but  become 
firm  and  hard  when  thrombosis  takes  place. 

Acute  purulent  phlebitis  sometimes  originates  as  endophlebitis  from  infec- 
tious agents  in  the  form  of  pus-cocci,  etc.,  in  fragments  entering  the  vein 
from  diseased  tissues.  In  such  conditions  there  is  an  exudation  of  serum 
and  leukocytes  from  the  vasa  vasorum  and  a  marked  infiltration  of  the  walls, 
while,  at  the  same  time,  thrombi  form  within.  One  of  the  best  examples 
of  this  process  is  the  so-called  milk-leg. 

The  termination  of  acute  phlebitis  must  depend  upon  the  extent  of  the 
damage  done.  In  periphlebitis  the  pus  formed  may  escape  externally  and 
the  vessel  itself  show  comparatively  little  change,  but  if  thrombosis  has 
occurred,  thrombophlebitis  must  take  place  and  the  vessel  be  obliterated. 

Thromboplilebitis,  or  inflammation  of  a  vein  from  the  presence  of  a 
thrombus,  is  common  because  of  the  frequency  of  venous  thrombosis.  It  is 
most  frequent  in  the  veins  of  the  pelvis  and  lower  extremities. 

The  process  is  identical  with  thrombo-arteritis,  already  described,  and 
leads  to  phlebitis  obliterans.  When  the  thrombi  only  partially  organize, 
the  remaining,  centrally  situated  portion  is  apt  to  calcify  and  form  a  freely 
movable  calculus, — phlebolith, — which  can  usually  be  driven  up  and  down 
the  veins  for  a  short  distance  with  the  fingers,  though  sometimes  firmly 
attached.  These  bodies  seem  to  be  most  common  in  the  dilated  veins  seen 
in  many  pelvic  diseases. 

The  unfortunate  sequels  that  follow  arterial  obstruction — necrosis,  gan- 
grene, and  death — are  much  less  frequent  in  venous  obstruction,  because  of 
the  facility  with  which  collateral  circulation  can  be  established. 

Syphilitic  Phlebitis. — Syphilis  in  infants  seems  to  be  a  common  cause  of 
endophlebitis  of  the  umbilical  vein,  and  may  lead  to  considerable  stenosis, 
and  Hiibner  found  similar  changes  in  the  veins  of  the  lower  extremities 
of  syphilitic  adults.  Schiippel  has  described  a  pylephlebitis  syphilitica 
of  infants.  Gumma  of  the  veins  occasionally  occurs,  and  is  a  cause  of  phle- 
bitis obliterans.  Syphilitic  phlebitis  is  perhaps  most  frequent  in  the  branches 
of  the  portal  vein. 
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Tuberculous  phlebitis  and  periphlebitis  occur  exactly  as  do  the  similar 
diseases  of  the  arteries.  By  extension  of  the  process  so  that  the  softened 
tubercles  open  into  the  lumen  of  the  vein,  tubercle  bacilli  may  gain  entrance 
into  the  blood-stream  and  cause  disseminated  miliary  tuberculosis. 

Phlebectasia,  Varix,  or  Varicose  Veins. — Phlebectasia,  or  dilata- 
tion of  the  veins,  is  a  common  condition. 

Etiology. — In  some  cases  it  seems  to  be  an  inherited  weakness  of  the  ves- 
sel-walls. It  is  more  common  among  Caucasians  than  other  races,  and  among 
women  than  men.  In  many  cases  the  conditions  predisposing  to  dilatation  are 
to  be  found  in  the  vein  itself,  as  local  or  general  phlebitis  or  phlebosclerosis, 
under  which  circumstances  the  phlebectasia  bears  an  exact  parallelism  to  the 
dilatations  of  arteries.  The  pressure  of  the  blood  is  the  actual  distending 
force,  and  the  dilatations  are  most  frequent  where  venous  pressure  is  exerted. 
For  this  reason  it  is  most  common  in  the  lower  limbs,  and  is  almost  invari- 
able in  weak  heart  with  venous  engorgement,  and  in  enfeebled  circulation 
from  other  causes.  Lack  of  exercise  also  favors  it.  Pressure  upon  the  venous 
trunks  by  morbid  growths,  aneurysms,  etc.,  and  obstruction  by  cicatricial 
tissue,  as  in  cirrhotic  hepatitis,  venous  thrombosis,  phlebohths,  etc.,  all  favor 
its  development. 

Morbid  Anatomy. — The  dilatation  may  be  cylindric,  the  entire  vein 
being  dilated,  or  may  be  saccular,  the  enlargement  being  circumscribed  and 
located  near  the  valves.  If  the  increased  length  of  the  vein  causes  it  to 
become  tortuous  or  spiral,  it  is  spoken  of  as  cirsoid. 

In  cirsoid  phlebectasia  the  windings  of  the  tortuous  vessels  not  infre- 
quently come  in  contact  with  each  other,  unite  by  inflammatory  adhesion, 
and  later  suffer  pressure  atrophy  of  the  walls,  by  which  they  subsequently 
communicate.  Such  communications  are  called  varices,  or  varix.  When 
the  dilatation  embraces  a  considerable  number  of  veins,  which  become  con- 
siderably widened  and  have  frequent  communications  with  each  other,  a 
cavernous  tissue  somewhat  resembling  erectile  tissue,  and  not  always  easily 
differentiated  from  angioma,  is  formed.  The  dilatation  brings  about  thin- 
ning of  the  wall  of  the  vessel  and  further  yielding,  and  leads  to  periphlebitis, 
sometimes  followed  by  the  formation  of  a  dense,  cavernous,  cicatricial  tissue 
which  has  little  vitality,  and  when  injured,  is  apt  to  ulcerate.  The  skin  is 
also  liable  to  be  embraced  in  the  chronic  inflammatory  condition,  and  on  the 
lower  limbs  a  chronic  eczema  is  commonly  observed  in  association  with  vari- 
cose veins. 

In  the  veins,  especially  when  inflamed  or  injured,  thrombosis,  followed 
by  thrombophlebitis,  obliteration,  or  phlebolith  formation,  may  occur.  It  is 
partly  because  of  this  thrombosis  and  obliteration  that  hemorrhage  from  rup- 
ture of  the  dilated  veins  is  prevented. 

Varicose  veins  are  most  frequent  in  the  lower  extremities,  the  hemor- 
rhoidal, spermatic,  and  pelvic  veins. 

Special  names  are  sometimes  applied  to  dilatations  of  certain  groups  of 
veins  ;  thus,  when  the  spermatic  veins  are  affected,  the  condition  is  described 
as  varicocele  ;  when  the  hemorrhoidal  veins  are  affected,  as  hemorrhoids  or 
piles. 

Hemorrhoids  are  dilatations  of  the  branches  of  the  hemorrhoidal  veins 
which  project  upon  the  surface  of  the  mucous  membrane  of  the  rectum  near 
the  anus  and  upon  the  adjacent  skin,  in  the  form  of  small,  single  or  multiple 
tumors  varying  in  size  from  a  pin-head  to  a  marble.  They  are  usually  soft, 
elastic,  or  spongy  in  consistence,  and  may  be  sessile  or  pedunculated.  The 
condition  is  most  often  encountered  in  those  who  lead  sedentary  lives  or 
suffer  from  diseases  which  are  accompanied  by  obstructions  of  the  portal 
system,  as  cirrhosis  of  the  liver.     They  not  infrequently  accompany  other 
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venous  dilatations.     They  are  called  external  and  internal,  according  as  they 
occur  within  or  without  the  external  sphincter  muscle. 

The  passage  of  the  feces  over  hemorrhoids  not  infrequently  causes  minute 
lacerations  of  their  surfaces,  or  so  increases  the  pressure  upon  them  that  they 
bleed  quite  freely.  They  also  occasionally  rupture  beneath  the  skin,  and  not 
infrequently  become  infected  and  suppurate.  Tuberculous  infection  occa- 
sionally occurs,  and  may  lead  to  fistula  in  ano.  Thrombosis  with  thrombo- 
phlebitis is  common,  and  transforms  the  hemorrhoids  into  simple  fibrous 
tumors.  External  hemorrhoids  are  less  painful  and  less  serious  than  internal 
hemorrhoids,  and  bleed  less,  because  of  their  thicker  covering  of  skin  or 
stratified  squamous  epithelium.  Internal  hemorrhoids  of  long  duration  are 
apt  to  become  covered  by  squamous  epithelium  through  metaplasia  of  the 
columnar  epithelium  of  the  rectum. 

DISEASES  OF  THE  LYMPHATIC  VESSELS. 

Lymphangitis,  or  inflammation  of  the  lymphatic  vessels,  is  almost 
always  a  secondsiry  affection  of  micro-organismal  origin.  The  inflamed  ves- 
sels appear  to  the  naked  eye  as  indefinite  red  streaks  extending  from  the 
inflamed  part  in  the  direction  of  the  lymphatic  circulation,  sometimes  for 
long  distances.  In  cases  of  felon  and  infected  wounds  of  the  hands  followed 
by  lymphangitis  the  vessels  are  inflamed  to  the  elbow  or  even  to  the  axilla. 
The  vessels  are  not  usually  palpable,  but  are  sensitive  to  pressure. 

The  structural  alterations  may  be  very  simple,  consisting  of  the  collection 
of  lymph  in  the  vessel,  the  presence  of  the  micro-organisms,  a  tendency  for 
the  endothelial  cells  to  swell,  assume  a  more  spheric  shape,  and  proliferate  or 
degenerate,  according  to  the  severity  of  the  infection. 

There  may  be  more  or  less  coagulation  of  fibrin  in  the  vessels  in  some 
cases,  and  in  others,  in  which  the  condition  is  suppurative,  the  vessel  may  be 
filled  with  pus-cells.  The  redness  seen  upon  the  surface  of  the  skin  depends 
upon  associated  perilymphangitis.  The  facility  with  which  the  condition 
recovers  will  depend  upon  the  severity  of  the  attack.  Mild  cases  easily 
regain  their  normal  status,  while  suppurative  cases  may  lead  to  the  total  dis- 
organization of  the  vessel.  Such  obliteration  is  of  little  consequence  be- 
cause the  collateral  lymphatic  circulation  is  so  easily  established.  Indeed, 
obliteration  of  the  largest  lymphatic  trunks  and  even  of  the  thoracic  duct 
itself  may  produce  no  important  changes. 

Dilatation  of  the  lymphatic  vessels  or  lymphangiectasis  is  of  not  infre- 
quent occurrence.  It  is  seen  in  cases  of  lymph-scrotum  and  elephantiasis, 
and  may  be  due  to  the  obstruction  of  the  lymphatic  vessels  by  parasites. 
The  chronic  engorgement  of  lymphatic  systems  resulting  from  this  condition 
leads  to  a  massive  proliferation  of  the  surrounding  connective  tissue,  as  is 
seen  in  elephantiasis. 

The  lymphatics  of  the  mesentery — especially  the  lacteal  vessels — not 
infrequently  dilate.  Occasionally  the  small  lymphatic  vessels  of  the  peri- 
toneum and  pleura  dilate  and  appear  as  small,  rounded  points,  not  unlike 
miliary  tubercles,  upon  their  respective  membranes.  When  these  are  incised 
or  punctured,  clear  lymph  escapes. 

Tuberculosis  of  the  lymphatic  vessels  is  frequent  in  all  forms  of 
tuberculosis,  but  particularly  so  in  tuberculosis  of  the  serous  membranes. 
Tuberculous  lesions  of  the  pleura  are  commonly  associated  with  a  cheesy 
infiltration  and  tubercle  formation  of  the  lymphatic  vessels,  which  appear  as 
grayish  streaks  or  cords  upon  the  surface  of  the  costal  pleura. 


CHAPTER    III. 
DISEASES  OF  THE  DIGESTIVE  SYSTEM. 

DISEASES  OF  THE  MOUTH  AND  ITS  ASSOCIATED  PARTS. 

The  mouth  is  frequently  the  seat  of  traumatism  and  infection.  Into 
its  cavity  the  food  is  introduced  in  every  condition  of  crudity  and  refine- 
ment, boiling  hot  or  freezing  cold,  and  subjected  to  one  of  the  most  violent 
of  the  body's  physical  processes,  mastication.  In  it  fragments  remain  after 
the  food  is  swallowed,  forming  excellent  nutriment  for  myriads  of  bacteria 
which  habitually  reside  there.  A  score  of  different  micro-organisms  habit- 
uate the  oral  cavity,  among  them  being  the  cocci  of  suppuration.  Taking 
these  facts  into  consideration,  it  is  remarkable  that  our  mouths  are  not  con- 
stantly injured  and  infected,  instead  of  only  occasionally  so. 

THE  LIPS. 

The  lips  are  subject  to  a  few  primary  lesions  and  to  numerous  secondary 
affections  extending  from  the  neighboring  skin  of  the  face  and  mucous 
membrane  of  the  mouth.  Of  the  primary  affections,  the  most  simple  is  the 
mild  catarrhal  inflammation  known  as  "chapped  lips."  This  depends  upon 
the  influence  of  dry  air  upon  the  delicate  epithelial  structure,  which  becomes 
hyperemia  and  thickened  and  has  a  tendency  to  detach  in  shreds  and 
lamella,  leaving  the  more  deeply  seated  cells  exposed  and  predisposing  to 
subsequent  oozing  and  drying,  with  the  formation  of  crusts.  The  changes 
may  go  deeper  than  the  epithelium  and  cause  fissures  and  ulcers  situated 
chiefly  in  the  center  of  the  lower  lip  or  at  the  corners  of  the  mouth.  Such 
rhagades,  as  they  are  called,  are  very  painful  at  times.  More  serious  is  true 
cheilitis,  in  which  the  described  changes  are  intensified,  and  in  which  the 
rhagades  not  infrequently  become  infected  and  lead  to  suppurative  and 
phlegmonous  inflammations. 

A  chronic  cheilitis  is  occasionally  seen  in  children  of  strumous  or  scrofu- 
lous diathesis.  It  results  in  thickening  of  the  upper  lip,  which  becomes 
misshapen  in  consequence  and  often  presents  rhagades  and  ulcers.  Such  lips 
are  commonly  associated  with  enlarged  lymphatic  glands  in  the  neck  and 
other  signs  of  tuberculosis. 

THE  MOUTH. 

Inflammation  of  the  mouth  is  described  as  stomatitis.  It  depends  upon 
external  and  internal  conditions,  but  local  infection  from  the  ever-present 
bacteria  is  most  common  and  important.  The  severity  of  the  process  varies 
from  simple  erythema  to  gangrene.  It  is  usual  to  describe  catarrhal,  ulcera- 
tive, mycotic,  and  gangrenous  stomatitis. 

I.  Catarrhal  Stomatitis. — This  is  the  commonest  and  mildest  form.  A 
simple  primary  erythema  changes  into  a  deep-red  or  livid  hyperemia.  The 
tongue,  lips,  cheeks,  and  other  soft  tissues  are  most  affected,  while  the  hard 
palate  and  the  tissues  of  the  alveolar  processes  swell  less  and  show  less  con- 
gestion. The  tongue  is  large  and  nodular  on  the  surface  from  enlargement 
of  its  papillse.     The  salivary  glands  are  unusually  active,  and  the  saliva  from 
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the  mouth  contains  a  large  number  of  desquamated  epithelial  and  some  pus- 
cells.  False  membranes,  consisting  of  desquamating  epithelium,  bacteria, 
pus,  and  saliva,  sometimes  form  on  the  lips  and  tongue. 

The  disease  is  caused  by  mechanical  and  chemic  irritants,  carious  teeth, 
the  introduction  of  irritating  foods,  excessive  indulgence  in  tobacco  and 
alcohol.     It  also  not  infrequently  occurs  in  children  during  dentition. 

The  disease  is  not  always  dependent  upon  local  causes,  but  may  occur  in 
a  slightly  different  form  in  such  specific  infectious  diseases  as  measles,  small- 
pox, chicken-pox,  etc.  Erysipelas  has  also  been  known  to  extend  into  the 
mouth. 

Catarrhal  stomatitis  is  rarely  symmetric,  being  most  frequently  an  exten- 
sion of  a  local  infection. 

2.  Ulcerative  Stomatitis. — This  form  of  inflammation  of  the  mouth  is 
more  frequently  seen  in  children  than  in  adults,  and  seems  to  occur  in  per- 
sons of  reduced  vitality.  It  is  observed  in-  general  malnutrition,  tuberculo- 
sis, diarrhea,  typhoid  fever,  diabetes  and  scurvy,  and  in  phosphorus,  mercury, 
and  other  mineral  poisonings. 

The  disease  begins  in  the  gums,  which  become  red,  swollen,  and  loosened, 
so  that  they  resemble  cushions  from  which  the  teeth  scarcely  project.  The 
swollen  gums  bleed  easily  upon  the  slightest  injury.  As  the  disease  pro- 
gresses, the  borders  of  the  giims  begin  to  change  in  color  and  appearance 
and  are  transformed  into  a  softened,  lacerable,  yellowish,  necrotic  mass,  which, 
when  intentionally  or  accidentally  removed,  leaves  a  bleeding  surface  which 
becomes  an  ulcer. 

The  ulcerative  changes  are  usually  first  noticed  upon  the  gums  of  the 
front  teeth  and  spread  laterally,  though  not  always  symmetrically.  Once 
established,  the  inflammatory  conditions  are  not  limited  to  the  gingival 
tissues,  but  may  spread  to  the  cheeks,  the  lips,  the  tongue,  or  the  tonsils. 
The  superficial  tissues  are  chiefly  affected,  but  the  disease  may  spread  to  the 
periosteum,  and  periostitis,  ostitis,  and  even  necrosis  of  the  alveolar  processes 
may  occur,  the  teeth  not  infrequently  falling  out.  The  disease  is  acute,  and 
in  most  cases  recovers  perfectly,  though  bad  cases  may  hasten  death  in  patients 
suffering  from  preexisting  tuberculosis,  etc. 

When  ulcerative  stomatitis  depends  upon  lead-poisoning,  a  blue  line 
usually  appears  upon  the  gums  at  the  edges  of  the  teeth. 

Systemic  conditions  have  much  to  do  with  the  primary  changes  in  the 
gingival  tissues,  but  the  chief  lesions  of  the  affection  seem  to  result  from 
multiple  local  infections. 

When  mercurial  poisoning  (salivation)  was  a  common  result  of  therapeutic 
mismanagement,  the  occurrence  of  ulcerative  stomatitis  was  much  more  fre- 
quent than  at  present. 

3.  Mycotic  Stomatitis. — This  is  a  form  of  oral  inflammation  distinctly 
and  primarily  micro-organismal  in  character.  Aphthous  or  follicular,  diph- 
theric, and  o'idium  stomatites  are  typical  examples. 

{a)  The  Aphthous  or  Follicular  Stomatitis. — This  form  of  oral  inflamma- 
tion is  chiefly  seen  in  children  suffering  from  marasmus,  digestive  and  general 
febrile  disorders,  though  occasionally  in  adults  under  similar  conditions. 

It  is  characterized  by  the  presence  of  small,  multiple,  disseminated  areas 
of  inflammation  {aphthd);  which  may  be  found  upon  the  tongue,  lips,  cheeks, 
or  palate,  more  rarely  upon  the  gums.  The  patches  are  irregularly  rounded 
or  elongate,  surrounded  by  a  livid  red  zone,  and  are  yellowish-white  in  color 
and  opaque. 

The  aphtha  are  areas  of  local  infection,  the  exact  cause  of  which  has  not 
been  made  out.     There  is  probably  no  specific  infectious  agent. 

A  study  of  their  structure  has  caused  E.  Frankel  to  regard  them  as  croup- 
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ous  inflammations;  because,  together  with  destroyed  epithelium,  a  network  of 
hyaline  fibrin  filaments  and  masses  can  be  observed  in  the  connective  tissue. 

The  disease  is  subacute,  lasting  for  weeks,  the  aphthae  occurring  in  suc- 
cessive crops  and  healing  slowly  by  a  gradual  absorption  of  the  exudate  and 
regeneration  of  the  epithelium.  The  inflamed  points  are  very  painful,  so 
that  the  disease  becomes  serious  in  conditions  of  associated  malnutrition, 
because  the  patients  cannot  eat. 

{b)  Diphtheric  Stomatitis.— V>\^\^h.m2.  of  the  mouth  is  usually  a  compli- 
cation of  pharyngeal  diphtheria,  which  reaches  the  oral  cavity  by  extension 
through  the  posterior  nares  and  along  the  palate.  Occasionally  it_  occurs 
primarily  upon  the  tongue  or  cheeks,  and  may  then  be  unilateral  or  bilateral. 

Non-diphtheric  pseudomembranous  stomatitis  in  most  cases  results  from 
the  ingestion  of  caustic  substances.  Occasionally,  however,  it  seems  to  be 
mycotic  or  bacterial. 

(c)  O'idium  stomatitis,  also  known  as  thrush,  is  a  peculiar  mycotic  inflam- 
mation of  the  mouth  occasionally  seen  in  infants,  and  characterized  by  the 
presence  of  a  specific  micro-organism,  the  Gidium  albicans. 


Fig.  247.- 


-A  group  of  vaginal  epithelial  cells  overlaid  by  mycelial  threads  and  conidia  of 
O'idium  albicans  (Smith  and  Radkey). 


The  lesions  are  usually  situated  upon  surfaces  normally  covered  by  transi- 
tional squamous  epithelium,  the  tongue  being  most  frequently  affected.  The 
contact  of  the  tongue  with  the  roof  of  the  mouth  may  cause  secondary  infec- 
tion of  the  palatal  tissues.  Infants  and  marasmatic  adults  are  affected,  the 
disease  not  being  very  common  even  in  those  whose  vitality  is  considerably 
depressed.  Adults  suffering  from  the  last  stages  of  tuberculosis  are  some- 
times infected. 

The  lesions  of  the  disease  begin  with  diffuse  reddening  of  the  mucous 
membrane  and  the  formation  of  a  somewhat  shining,  slimy,  adhesive  layer 
of  grayish-white  matter,  which  is  said  to  have  an  acid  reaction.  As  the 
disease  develops,  whitish  dots  are  seen  to  appear  upon  the  surface  and  grad- 
ually spread,  sometimes  coalescing.  This  white  formation  characterizes 
thrush.  It  is  in  reality  a  pseudomembrane  made  up  essentially  of  detached 
epithelial  cells  with  a  ramifying  network  of  parasitic  threads.  The  white 
color  of  the  patches  contrasts  markedly  with  the  hyperemic  surrounding 
tissues.  When  the  patches  are  removed,  they  speedily  reappear  upon  the 
abraded  surface.  In  severe  cases  the  disease  is  not  confined  to  the  tongue, 
but  spreads  to  the  palate,  lips,  pharynx,  esophagus,  and,  in  spite  of  the 
columnar  epithelium  of  the  stomach  and  intestines,  has  been  seen  to  involve 
these  tissues.     From  the  local  lesion  the  parasites  are  sometimes  metastati- 
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cally  transported  to  other  parts  of  the  body.  Such  mycotic  embolism  may 
occur  in  any  organ,  and  has  been  known  to  cause  death  when  occurring  in 
the  brain. 

Ordinarily  the  disease  is  not  serious,  but  it  may  be  a  cajjse  of  death  when 
the  pain  it  causes  prevents  the  taking  of  food. 

The  O'idium  albicans  is  one  of  the  budding  fungi,  and  seems  to  be  properly  classified  near 
the  yeasts.  It  occurs  in  the  form  of  rounded,  oval,  or  cylindric  cells,  3.5  to  5  n  in  diameter, 
and  ten  or  twenty  times  as  long  as  thick,  which  bud  and  extend  in  all  directions,  forming  what 
appears  to  be  a  reticulum  by  remaining  attached  to  each  other.  Some  of  the  cells  are  so 
elongate  as  to  resemble  the  mycelial  threads  of  the  higher  fungi.  Spores  are  formed,  occurring 
singly  in  round-cells.  The  fungi  are  chiefly  seen  in  the  epithelial  tissue,  but  as  the  cells  de- 
generate in  consequence  of  the  disorganization  of  the  tissue,  they  may  enter  the  areolar  tissue 
and  cause  a  deeper  form  of  inflammation. 

The  micro-organism  is  easily  isolated  and  cultivated  upon  artificial  media.  Upon  acid, 
sugar-containing  substances  the  little  plant  appears  most  like  the  yeasts,  though  when  culti- 
vated upon  alkaline  media,  it  forms  longer  threads  suggestive  of  the  mycelia  of  the  fungi. 

The  vegetation  of  the  micro-organism  gives  rise  to  a  pure  white  colony  upon  agar-agar  and 
upon  potato. 

The  micro-organisms  can  be  well  stained  by  Gram's  method.  Usually  there  is  little  difficulty 
in  differentiating  between  thrush  and  diphtheria  or  the  aphthous  form  of  stomatitis. 


Fig.  24S. — Noma  of  the  face  (case  of  A.  T.  Bazin). 


4-  Gangrenous  Stomatitis. — The  most  serious  infection  of  the  oral  tissues 
is  gangrenous  stomatitis,  or  noma.  The  disease  is,  fortunately,  rare.  It 
affects  children  between  two  and  twelve  years  of  age,  especially  those  whose 
nutrition  is  depraved  and  who  have  been  exposed  to  extremely  unhygienic 
surroundings.  It  is  usually  a  primary  affection,  but  sometimes  follows 
ulcerative  stomatitis,  and  may  follow  measles  and  typhoid  fever.  In  adults 
it  occasionally  succeeds  malaria.  The  most  common  point  of  infection  is 
the  buccal  mucous  membrane  of  one  side  (rarely  both)  near  the  angle  of  the 
lip.  The  lesion  forms  a  livid,  swollen  area,  which  is  rapidly  followed  by  gan- 
grene. The  center  of  the  patch  may  become  grayish-yellow  before  gangrene 
actually  sets  in. 

The  gangrene  may  extend  entirely  through  the  cheek,  or  may  be  limited 
to  the  mucous  membrane  and  subjacent  tissue.  When  the  extension  to  the 
skin  takes  place,  a  purplish  spot  appears  upon  the  cheek,  vesication  soon 
follows,  and  the  tissue  melts  into  a  fetid,  pultaceous  mass.  The  disease  is 
commonly  fatal  from  exhaustion  and  secondary  infection.  When  recovery 
takes  place,  it  is  through  separation  of  the  sphacelus  and  subsequent  cicatri- 
zation. Considerable  deformity  invariably  follows  contraction  of  the  scar. 
Noma  also  occurs  about  the  genital  organs. 
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The  most  recent  investigations  indicate  that  though  streptococci  and  other  micro-organisms 
are  possibly  responsible  for  the  violence  and  gangrenous  nature  of  the  process,  it  is  really  the 
diphtheria  bacillus,  which  is  always  present,  that  is  responsible  for  the  disease  by  opening  the 
tissues  to  their  activity. 

5.  Syphilitic  stomatitis  is  far  from  uncommon.  The  primary  sore,  the 
chancre,  is  sometimes  situated  in  the  mouth,  and  may  take  either  a  soft  or 
an  indurated  form,  and  be  accompanied  by  lymphatic  enlargements.  The 
primary  syphilitic  oral  lesions  are  usually  situated  upon  the  tongue  or  lips. 
Secondary  lesions  (mucous  patches),  which  are  far  more  common,  are  seen 
upon  the  gums  and  at  the  angles  of  the  mouth.  They  take  the  form  of 
superficial  ulcerations  following  cellular  infiltrations.  Flat,  superficial, 
slightly  prominent,  grayish-yellow  patches  seen  upon  the  tongue  or  other 
parts  of  the  mouth  of  syphilitics  are  known  as  leukoplakia  syphilitica. 

'  Small  papules  sometimes  form  upon  the  mucous  membrane,  appearing  as 
slightly  elevated,  bluish-white  or  pearl-colored  patches,  surrounded  by  a  red 
zone.  These  are  described  as  opaline  plaques.  These  are  most  common 
upon  the  lips,  cheeks,  tongue,  and  soft  palate. 

Of  the  tertiary  lesions,  the  gumma  of  the  mouth  is  usually  quite  small, 
varying  from  the  size  of  a  lentil  to  that  of  a  bean.  Softening  and  evacua- 
tion lead  to  ulceration  and  cicatrization  of  the  mucous  membrane. 

Syphilitic  cases  not  infrequently  suffer  from  atrophy  of  the  mucous  mem- 
brane of  the  base  of  the  tongue,  with  loss  of  the  circumvallate  papillae,  but 
this  also  occasionally  takes  place  in  non-syphilitic  individuals. 

6.  Tuberculosis  of  the  mouth  is  nearly  always  secondary,  resulting  from 
the  passage  of  sputum,  etc.,'  containing  the  tubercle  bacillus,  through  its 
cavity.  It  may  also  depend  upon  lupus  of  the  face.  The  posterior  portion 
of  the  tongue  is  most  frequently  attacked.  Rarely  one  finds  the  lesions  upon 
the  cheek,  jaws,  and  lips.  The  tubercles  almost  always  occur  as  isolated, 
yellowish-red  nodules  or  ulcerations.  In  a  few  casfes  confluent  tubercles  have 
been  seen.  When  ulcerations  occur,  they  are  irregularly  formed  and  usually 
possess  overhanging  edges. 

Primary  tubercles  of  the  mouth  have  been  seen  upon  the  mucous  mem- 
brane of  the  lips  and  cheeks,  and  also  upon  the  tongue.  The  infection  in 
these  cases  seems  to  depend  upon  infection  from  substances  taken  into  the 
mouth. 

It  may  depend  upon  direct  infection  by  the  kiss  of  a  consumptive  or 
the  use  of  his  cigar-holder,  pipe,  fork,  etc.  The  nature  of  the  primary  tuber- 
culous lesion  may  be  difficult  to  determine.  There  is  usually  an  ulcer  of 
some  size,  irregularly  excavated,  and  surrounded  by  overhanging  indurated 
edges.  Outlying  tubercles  may  or  may  not  be  present.  The  appearances 
are  not  at  all  unlike  those  of  the  gummatous  ulcer. 

Actinomycosis  of  the  tongue  is  not  infrequent  in  cattle.  The  inoculation 
possibly  takes  place  through  inconspicuous  lesions  made  by  the  spines  of  certain 
grains.  The  fungus  develops  in  the  tissues  and  produces  the  lesions  already 
described.  (See  p.  347.)  In  chronic  cases  the  tongue  becomes  hard  or 
"  wooden  "  ;  in  the  more  acute  cases  it  is  filled  with  small  areas  of  suppu- 
ration and  sinuses. 

THE  TONGUE. 

Glossitis,  or  inflammation  of  the  tongue,  may  be  superficial  or  deep. 

(«)  The  superficial  form  is  catarrhal  in  character  and  results  in  denuda- 
tion of  the  surface.  If  the  patient  keeps  the  tongue  quiescent,  so  that  fric- 
tion against  the  teeth  does  not  remove  the  desquamated  cells,  its  surface 
becomes  covered  with  a  white  coating  consisting  of  cells  and  bacteria.  If 
this  still  is  undisturbed,  and  if  fragments  of  food  are  added  to  the  general 
mass,  the  bacteria  grow  still  more  plentifully,  and  the  layer  increases  in  thick- 
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ness  and  becomes  grayish-yellow  and  later  brownish,  dry,  hard,  and  firm, 
while  the  tissue  of  the  tongue  becomes  fissured  and  cracked. 

Various  grades  of  the  process  are  observed  in  smokers,  dyspeptics,  and 
those  in  the  typhoid  state. 

Occasionally  the  superficial  inflammations  of  the  tongue  become  chronic 
and  characterized  by  the  formation  of  local  thickenings  of  the  mucous  mem- 
brane— leukoplakia  or  psoriasis  linguce. 

(J))  The  deep  inflammations  of  the  tongue  depend  upon  injury  and  infec- 
tion. The  organ,  according  to  the  degree  of  the  disease,  becomes  swollen,  hard, 
and  painful.  The  tissues  are  congested  and  infiltrated  with  leukocytes.  There 
may  be  atrophy  or  degeneration  of  the  muscle-fibers,  and  abscesses  may  form. 

The  most  frequent  cause  is  infection  from  carious  teeth. 

Syphilitic  and  tuberculous  lesions  of  the  tongue  have  already  been  de- 
scribed. 

A  peculiar  and  interesting  pathologic  change,  sometimes  occurring  in  the  tongue,  is  an 
abnormal  development  of  the  epithelium  upon  the  papillae,  which  leads  either  to  a  nodular 
tongue  or  to  a  hairy  or  bristly  tongue,  according  to  whether  the  fungiform  or  the  filiform  papillae 
are  affected.  Under  these  circumstances  the  tongue  may  become  discolored  and  appear  brown 
or  green,  the  condition  being  described  as  a  "  Hack,  hairy  tongue." 

The  tumors  of  the  mouth  are  important.  Lymphangioma  and  heman- 
gioma of  the  tongue  and  lips  are  common  in  early  life.  They  are  usually 
simple,  and  most  frequently  situated  in  the  upper  lip  or  beneath  the  tongue. 
The  hemangioma  is  characterized  by  a  bluish  or  purplish  color. 

Connective-tissue  tumors  are  not  infrequent  in  early  life,  and  lipoma, 
fibroma,  myxoma,  and  sarcoma  are  occasionally  observed. 

Teratoid  tumors  are  not  uncommon  in  and  about  the  mouth. 

Sarcoma,  carcinoma,  and  epithelioma  occur  in  later  life.  The  first  men- 
tioned is  not  infrequent  upon  the  gums  about  the  roots  of  the  teeth,  and  is 
known  as  epulis.  All  epuli  are  not  sarcomatous,  however,  as  it  is  not  rare 
to  find  them  purely  fibrous,  and,  indeed,  Sutton  restricts  tlie  term  to  fibrous 
growth.  Occasionally  the  epuli  grow  from  other  parts  of  the  jaws  than  the 
alveolar  processes.  Their  general  appearance  is  that  of  firm,  rounded,  nod- 
ular tumors.  Sometimes  they  are  of  bony  origin,  and  present  the  histology 
of  osteosarcoma  or  giant-cell  sarcoma.  Such  forms  usually  develop  near  the 
symphysis  mentis.     Papillomata  are  common  upon  the  lips  at  their  edges. 

Cancers  of  the  mouth  are  most  frequent  upon  the  lips,  tongue,  and  gums, 
and  are  chiefly  of  the'  squamous  variety.  They  first  appear  as  circumscribed, 
rather  firm,  grayish-white  swellings  upon  the  epithelial  surfaces,  which  be- 
come more  and  more  apparent  as  the  growth  advances.  When  softening 
sets  in,  ulcerations  are  formed  and  show  little  disposition  to  heal.  The 
course  of  epithelioma  of  the  tongue  is  particularly  rapid  and  malignant. 

Adenoma  sometimes  develops  from  the  mucous  glands  of  the  mouth,  and 
Ziegler  mentions  the  occurrence  of  thyroid-gland  tumors  in  the  course  of  the 
thyrolingual  duct. 

Cysts. — The  most  frequent  cyst  of  the  mouth  is  the  so-called  ranula. 
Almost  any  cyst  of  the  mouth  is  called  by  this  name,  but  the  true  ranula 
results  from  dilatation  of  the  ducts  of  the  Blandin-Nuhn's  glands  situated 
beneath  the  tip  of  the  tongue.  Nearly  all  the  oral  cysts  are  retention  cysts 
caused  by  obstruction  of  the  glandular  outlets,  either  of  the  larger  glands, 
or  of  the  little  mucous  glands  so  common  in  the  mucous  membrane.  Occa- 
sional dermoid  cysts  are  found. 

THE  TONSILS. 

The  tonsils  occupy  a  part  of  the  throat  predisposed  to  inflammation  and 
infection.     Thus  in  nearly  all  the  catarrhal  inflammations  and  in  diphtheria 
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of  the  pharynx  the  tonsils  are  always  more  or  less  involved  because  of  their 
proximity. 

The  primary  affections  of  the  tonsils  are  really  few,  though  the  appear- 
ances vary,  and  numerous  names  have  been  applied  to  them.  For  conveni- 
ence they  are  probably  best  divided  into  the  acute  and  chronic  tonsillitis. 

Acute  tonsillitis  is  sometimes  an  idiopathic  aifection,  depending  upon 
accidental  infection  by  bacteria  entering  the  crypts.  It  also  not  infrequently 
accompanies  exanthematous  diseases,  and  though  the  relationship  is  not  clear, 
occasionally  precedes  rheumatism.  The  inflammation  is  usually  superficial, 
the  organs  becoming  swollen,  hyperemic,  and  bright  red.  The  surfaces  are 
covered  with  an  abundant  secretion  of  seromucus,  which  pours  from  the 
lacunae.  As  in  most  tonsils  the  lacunae  are  rather  large  and  conspicuous,  and 
as  in  most  tonsillar  inflammations  they  contain  and  discharge  an  abundant 
secretion,  which  often  becomes  inspissated  and  appears  creamy  or  cheesy,  the 
majority  of  the  acute  tonsillites  are  spoken  of  as  lacunar  ox  follicular.  The 
morbid  anatomy  is  extremely  simple,  there  being  no  changes  excepting  those 
depending  upon  the  congestion  and  increased  secretion.  A  variety  of  bac- 
teria can  be  cultivated  from  the  crypts  of  the  tonsils,  of  which  the  strepto- 
coccus may  be  the  most  important.  Both  tonsils  are  usually  symmetrically 
affected,  which  would  perhaps  indicate  that  something  more  than  the  acci- 
dental entrance  of  bacteria  is  required  for  the  development  of  the  disease, 
as  it  would  be  difficult  for  accidental  infection  to  occur  simultaneously  in 
both  organs. 

In  less  common  cases,  in  which  a  deeper  infection  oCeurs,  the  inflamma- 
tion may  advance  to  suppuration,  usually  in  one,  but  sometimes  in  both, 
tonsils.  When  this  occurs,  the  condition  is  described  as  suppurative  tonsillitis 
or  quinsy. 

Herpetic  tonsillitis  occurs  rather  infrequently,  and  chiefly  in  individuals 
predisposed  to  herpes.  It  is  characterized  by  an  eruption  of  minute  vesicles 
upon  the  mucous  membrane,  with  the  addition  of  catarrhal  inflammation. 
The  herpes  vesicles  rupture  and  leave  painful  ulcers. 

Chronic  tonsillitis  varies  in  its  morbid  changes.  In  some  cases  the 
effect  of  the  disease  is  chiefly  seen  in  the  crypts,  which  become  much  larger 
than  normal,  are  of  unusual  depth,  and  serve  as  collecting  places  for  secre- 
tions, desquamated  epithelial  cells,  bacteria,  and  fragments  of  food.  The 
bacteria  in  these  accumulations  bring  about  putrefactive  changes,  which  in 
turn  increase  the  irritation  of  the  surrounding  tissue. 

When  such  tonsils  are  examined,  yellowish-white,  fetid,  more  or  less  firm 
masses,  varying  in  size  from  a  rice-grain  to  a  pea,  are  seen  projecting  from 
them.  The  breath  of  the  patient  has  a  very  unpleasant  but  quite  character- 
istic odor.  The  masses  escape  spontaneously  from  time  to  time,  or  may  be 
retained,  when  they  sometimes  calcify  and  form  concretions  or  calculi  in  the 
tonsils. 

This  form  of  chronic  tonsillitis,  because  of  the  increased  size  of  the 
lacunae,  which  enlarge  at  the  expense  of  the  tonsillar  tissue,  may  be  de- 
scribed as  atrophic. 

Other  cases  of  chronic  tonsillitis  are  hypertrophic,  and  lead  to  marked 
enlargement  of  the  organs,  which  project  from  between  the  pillars  of  the 
fauces,  so  as  nearly  to  meet  in  the  mesial  line,  and  form  serious  obstacles  to 
deglutition,  respiration,  and  enunciation. 

The  enlargement  seems  to  be  a  true  hypertrophy,  and  consists  of  hyper- 
plasia of  all  the  constituent  tissues  of  the  organ.  When  examined,  the  organ 
seems  normal,  except  that  it  is  very  large  and  slightly  reddened  on  the  sur- 
face.    The  crypts  are  small  and  the  surfaces  smooth. 

The  tonsillar  enlargements  sometimes  depend  upon  chronic  inflammation 
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and  sometimes  are  associated'with  general  increase  of  the  lymphadenoid  tissue 
of  the  pharynx,  in  which  numbers  of  the  so-called  "adenoid  vegetations" 
occur  upon  the  pharyngeal  walls.  Enlargement  of  the  tonsils  also  occurs  in 
leukemia. 

Tuberculous  infection  of  the  tonsils,  with  secondary  extension  to  the 
cervical  lymphatic  glands,  is  probably  much  more  frequent  than  is  usually 
supposed. 

The  fact  that  the  crypts  of  the  tonsils  contain  lymphoid  tissue  which  comes 
in  actual  contact  with  the  surface  makes  it  easy  to  explain  the  facility  with 
which  infection  can  occur.  Though  tuberculous  infection  of  the  cervical 
glands  may  depend  upon  infection  through  the  upper  part  of  the  respiratory 
apparatus,  it  is  also  true  that  alimentary  infection  may  occur  through  the  ton- 
sils. There  is  experimental  evidence  of  this,  and  young  pigs  fed  upon  tuber- 
culous milk  have  been  found  to  acquire  tuberculosis  of  the  tonsils,  with  early 
infection  of  the  cervical  glands. 

Pseudomembranous  tonsillitis  may  or  may  not  be  diphtheritic. 

{a)  Tonsillar  diphtheria  depending  upon  the  Klebs-LofiBer  bacillus  usually 
begins  with  the  formation  of  a  grayish-yellow  pseudomembrane  about  the 
edges  of  the  lacunar  openings  and  upon  the  surface  of  the  organ.  So  similar 
is  this  pseudomembrane  to  that  of  the  non-diphtheritic  form  that  only  by  a 
bacteriologic  examination  can  they  be  certainly  differentiated. 

(3)  Streptococcus  inflammation  of  the  tonsil  is  sometimes  accompanied  by 
the  formation  of  a  distinct  pseudomembrane  in  all  general  appearances  iden- 
tical with  true  diphtheria,  though  usually  the  membrane  is  whiter,  less  inti- 
mately attached,  and  its  occurrence  accompanied  by  more  profound  constitu- 
tional disturbance. 

THE  PHARYNX. 

Acute  catarrhal  pharyngitis  is  one  of  the  most  common  affections. 

Etiology. — Its  cause  is  not  satisfactorily  determined.  It  often  seems  to 
follow  exposure  to  cold.  It  may,  however,  signify  that  there  has  been  an 
invasion  of  the  body  by  micro-organisms.  It  seems  at  times  to  follow  attacks 
of  indigestion  and  result  from  the  absorption  of  leukomains,  and  at  other 
times  certainly  depends  upon  the  inhalation  of  irritating  substances,  such  as 
tobacco-smoke  and  dust. 

It  is  scarcely  possible  for  the  pharynx  to  be  inflamed  without  a  sympa- 
thetic affection  of  the  soft  palate  and  tonsils.  For  this  reason  many  prefer 
to  use  the  term  angina  as  descriptive  of  the  acute  affections  of  these  parts. 

Morbid  Anatomy. — ^The  acute  pharyngitis  is  extremely  simple  in  its  mor- 
bid anatomy.  The  chief  manifestations  are  redness  and  swelling  of  the 
mucous  membrane  of  the  part,  with  a  primary  cessation  of  the  normal  secre- 
tion, which  causes  the  throat  to  feel  very  hot  and  dry,  and  later  an  over- 
abundant secretion  of  the  mucous  or  mucopurulent  matter,  which  may  at 
times  be  mixed  with  a  little  blood,  and  which,  as  it  clings  tenaciously  to 
the  surface,  is  removed  by  the  patient  with  considerable  effort.  When  the 
secretion  is  examined  with  the  microscope,  it  is  found  to  contain  many  pus- 
cells  and  many  desquamated  and  degenerated  columnar  epithelial  cells  from 
the  pharyngeal  walls. 

When,  in  severe  cases,  the  posterior  wall  of  the  pharynx  is  examined, 
red,  abraded  areas  of  irregular  size  and  shape  are  found.  These  are  true 
abrasions.  There  are  also  rounded  or  oval,  distinctly  circumscribed,  slightly 
elevated,  red  areas  which  are  small  collections  of  lymphoid  tissue  made  un- 
usually conspicuous  because  of  the  degree  of  congestion  present. 

The  disease  is  of  short  duration  and  ends  in  recovery.  It  has,  however, 
a  marked  tendency  to  recur  and  become  chronic. 
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Chronic  Pharyngitis. — The  chronic  disease  follows  repeated  attacks 
of  the  acute  disease,  though  it  may  occur  independently  and  is  very  common 
as  the  result  of  the  abuse  of  tobacco.  There  is  chronic  congestion  of  the 
part,  the  adenoid-tissue  collections  become  prominent,  and  the  secretion  be- 
comes very  meager  and  may  be  absent.  When  present,  it  may  be  muco- 
purulent or  purely  mucus.  It  sometimes  partly  inspissates,  especially  in  the 
nasopharynx,  and  begins  to  decompose,  imparting  a  foul  odor  to  the  breath. 
The  cases  are  divided  into  the  productive  forms  (pharyngitis  hyperplastica), 
in  which  papillary  projections  and  excrescences  may  develop  in  the  pharyn- 
geal walls,  and  the  atrophic  forms  (pharyngitis  atrophicans),  in  which  the 
mucous  membrane  appears  relaxed,  thin,  red,  and  smooth.  It  is  possible  for 
both  processes  to  exist  at  the  same  time,  for  the  hyperplasia  is  not  so  much  a 
thickening  of  the  mucous  membrane  as  it  is  an  increase  in  the  lymphadenoid 
tissue  it  contains.  The  pharyngeal  tonsils  are  particularly  disposed  to  in- 
crease in  size  and  may  greatly  interfere  with  breathing. 

The  mucous  membrane  over  the  adenoid  hyperplasias  may  be  thinned  and 
is  not  infrequently  ulcerated. 

Pseudomembranous  pharyngitis  is  characterized  by  the  formation 
of  a  yellowish-white  or  yellowish-gray  layer  upon  the  mucous  membrane,  and 
may  be  diphtheric  or  non-diphtheric. 

Non=diphtheric  pseudomembranous  pharyngitis  may  result  from  the 
action  of  various  injurious  agents,  which  may  be  taken  into  the  mouth  and 
swallowed  (steam,  ammonia,  etc.),  but  is  nearly  always  dependent  upon  the 
activity  of  bacteria.  The  chief  cause  is  the  Streptococcus  pyogenes,  though 
pneumococci,  colon  bacilli,  and  other  organisms  may  cause  it. 

Taking  the  streptococcus  pseudomembranous  inflammations  first,  we  find 
them  in  association  with  certain  of  the  exanthematous  diseases,  notably  scar- 
latina, measles,  small-pox,  and  typhoid  fever.  They  may,  however,  occur  as 
primary  affections. 

In  addition  to  the  streptococci,  etc.,  it  is  customary  to  find  a  number  of 
the  organisms  belonging  to  the  flora  of  the  mouth,  so  that  nearly  every  case 
is  one  of  mixed  infection. 

It  is  impossible  to  distinguish,  without  the  aid  of  a  bacteriologic  examina- 
tion, between  diphtheric  and  non-diphtheric  pseudomembranous  pharj'ngitis. 
This  is  an  important  matter,  and  has  a  great  bearing  upon  diagnosis,  prog- 
nosis, treatment,  and  hygiene,  for  when  such  an  examination  proves  the  case 
to  be  one  of  true  diphtheria,  irrespective  of  the  apparent  gravity  of  the  case, 
the  contagious  nature  of  the  disease,  the  indication  for  the  use  of  the  diph- 
theria antitoxin,  and  the  fear  of  future  palsy  are  all  at  once  opened  up.  On 
the  other  hand,  if  such  an  examination  shall  show  the  presence  of  strepto- 
cocci and  the  absence  of  the  diphtheria  bacilli,  the  mind  of  the  physician  is 
relieved,  and  he  knows  that  the  case  is  not  contagious  and  will  not  be  fol- 
lowed by  palsy. 

Diphtheritic  pseudomembranous  pharyngitis  is  caused  by  the  true  diph- 
theria bacillus,  the  Klebs-Loffler  bacillus,  a  brief  mention  of  which  will  not 
be  out  of  place. 

It  was  discovered  by  Klebs  in  1883,  and  cultivated  by  Loffler  in  1884,  and  in  consequence 
is  known  as  the  Klebs-I.offler  bacillus.  It  is  a  rod-shaped  bacillus  with  round  ends,  and  stains 
well  with  ordinary  staining  solutions,  but  most  characteristically  by  the  alkaline  methylene- 
blue  of  Loffler.     It  also  stains  well  by  Gram's  method,  especially  when  in  sections  of  tissue. 

The  bacillus  has  a  variable  morphology,  appearing  very  different  upon  different  media  and  in 
differently  reacting  media.  It  thus  varies  from  a  short  oval,  which  quite  habitually  occurs  in 
pairs  in  bouillon,  to  an  enormous,  club-shaped  bacillus  when  grown  upon  alkaline  blood-serum. 
It  varies  thus  not  only  in  shape,  but  also  in  size. 

It  is  not  motile  and  has  no  flagella.  In  specimens  stained  with  the  alkaline  methylene- 
blue  solution  one  sees  a  marked  tendency  to  segmentation,  and  a  pronounced  disposition  on 
the  part  of  the  bacillary  substance  to  color  irregularly,  either  at  the  poles  or  at  various  points 
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along  the  length  of  the  organism.  The  bacillary  substance  thus  contains  polychromatophilic 
granules. 

The  bacillus  grows  in  all  culture  media.  The  most  characteristic  growth  is  upon  Loffler's 
blood-serum  mixture  (3  parts  of  serum  plus  i  part  of  i  per  cent,  glucose  bouillon),  which  is 
employed  in  all  laboratories  for  the  diagnosis  of  diphtheria.  Upon  it  the  organism  grows  so 
rapidly  that  in  from  twelve  to  twenty-four  hours  the  surface  is  dotted  with  small,  china-white  or 
yellowish-white  colonies,  or  covered  with  a  continuous  layer  of  the  same  color,  accordingly  as 
the  number  of  bacilli  distributed  upon  the  surface  has  beenfew  or  many  and  the  duration 
of  growth  long  or  short.  It  is  possible  to  make  a  diagnosis  of  diphtheria  by  the  use  of  this 
medium  in  five  hours. 

The  diphtheria  bacillus  does  not  liquefy  gelatin.  In  its  growth  it  first  produces  acids  by 
transformation  of  the  contained  sugars,  then  forms  alkalis,  which  later  neutralize  and  predomi- 
nate over  the  acidity.  The  organism  is  toxic.  Different  bacilli — i.  e.,  bacilli  from  different 
sources — vary  greatly  in  their  ability  to  produce  toxin,  and  the  production  of  toxin  is  the  only 
criterion  for  the  separation  of  the  true  diphtheria  and  pseudodiphtheria  bacilli.  The  bacillus 
is  pathogenic  for  most  of  the  laboratory  animals.  Rats  are  immune.  When  inoculated,  the 
animals  usually  die  on. the  third  day  from  the  effects  of  the  intoxication.  At  the  sight  of  in- 
oculation there  is  a  fibrinohemorrhagic  exudate. 

Morbid  Anatomy. ^Ks  there  is  no  difference  of  importance  in  the  naked- 
eye  appearance  between  the  streptococcous  inflammation  of  the  throat  and 


Fig.  249. — Bacillus  diphtherise,  from  a  culture  upon  blood-serum ;  X  1000  (Frankel 

and  Pfeiffer). 

true  diphtheria,  the  morbid  anatomy  of  both  forms  of  pseudomembranous 
angina  can  be  described  as  though  they  were  identical. 

The  extent  of  tissue  invaded  by  the  pseudomembrane  varies.  The  disease 
may  begin  upon  the  pillars  of  the  fauces,  upon  the  tonsils,  or  upon  the  sides 
of  the  uvula,  and  remain  localized,  or  may  spread  so  that  the  entire  pharynx, 
nose,  and  mouth  become  affected,  and  the  disease  eventually  reaches  the  lips 
and  anterior  nares. 

The  characteristic  lesjon  is  the  pseudomembrane.  It  is  of  a  whitish,  yel- 
lowish, grayish-yellow,  or  dirty-gray  color,  and  forms  upon  the  surface  of  the 
mucous  membrane  of  the  affected  part.  It  usually  forms  a  single  layer  of 
moderate  thickness,  but  occasionally  there  may  be  several  layers,  and  it  is 
sometimes  quite  thick.  The  edges  of  the  membrane  may  be  indistinct,  grad- 
ually fading  into  the  surrounding  healthy  tissue,  or  may  be  distinct  and  even 
detached,  this  depending  upon  the  stage  of  the  disease  and  its  tendency  to 
further  extension  and  exfoliation.  The  membrane  is  not  very  adherent,  as  a 
rule,  but  can  be  divulsed,  leaving  an  abraded  surface  upon  which  a  new 
membrane  quickly  forms. 
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The  streptococcous  pseudomembranes  are  usually  whiter  in  color  than  the 
diphtheric  membranes,  and  seem  to  form  upon  a  more  acutely  inflamed  sur- 
face. Streptococcous  inflammations  are  apt  to  be  more  painful  than  diphtheria, 
and  may  be  equally  fatal.  A  bacteriologic  examination  is  the  only  certain 
means  of  differentiation,  and  is  important,  as  only  the  true  diphtheria  is  con- 
tagious and  remediable  by  the  antidiphtheric  serum. 

In  cases  of  true  diphtheria  which  have  been  treated  by  vigorous  use  of  the 
serum,  the  edges  of  the  membrane  are  outlined  by  a  distinct  zone  of  hyper- 
emia. Streptococcous  inflammations  are  prone  to  begin  in  the  crypts  of  the 
tonsils  and  spread  about  the  edges  of  the  crypts. 

The  usual  point  from  which  diphtheria  spreads  is  the  arch  of  the  fauces. 
The  membrane  forms  upon  the  posterior  pillars  and  sides  of  the  uvula,  ex- 
tends over  the  tonsils,  and  climbs  into  the  nasopharynx  and  down  the  posterior 
pharyngeal  wall.  It  may  descend  into  the  larynx,  go  on  into  the  trachea,  and 
even  into  the  bronchi.  It  commonly  passes  into  the  nose,  and  Osier  per- 
formed an  autopsy  upon  a  case  in  which  the  whole  mouth  being  full,  the 
membrane  extended  beyond  the  lips  upon  the  skin. 

The  membra,ne  consists  of  an  inflammatory  exudate  whose  chief  ingredient 
is  fibrin.  As  this  exudate  occurs,  it  coagulates  among  the  superficial  cells  of 
the  mucous  membrane  and  brings  about  coagulation  necrosis  of  all  the  super- 
ficial tissues.  This  early  necrosis  of  the  superficial  tissues  allows  the  diphtheria 
bacilli  to  come  in  contact  with  the  subjacent  areolar  tissue,  upon  which  they 
multiply  and  cause  fibrin  formation,  leukocytic  emigration,  degeneration,  and 
coagulation  necrosis. 

When  examined  microscopically,  the  diphtheria  membrane  is  usually  found 
to  be  laminated,  the  most  superficial  layer  consisting  of  fibrin  and  epithelial 
cells  in  a  state  of  coagulation  necrosis,  beneath  which  are  fibrin  networks 
with  leukocytes,  etc. , 

The  diphtheria  bacilli  are  present  in  immense  numbers,  but  only  at  or  near 
the  surface.  They  do  not  descend  into  the  deep  tissues.  The  bacilli  do  not, 
as  a  rule,  enter  the  circulation,  though  in  fatal  cases  of  the  disease  it  is  not 
unusual  to  find  a  few  bacilli  in  the  heart's  blood. 

There  is  a  loose  attachment  of  the  membrane  to  the  denuded  areolar  tissue 
by  a  coarse  fibrin  network.  The  connective  tissue  is  somewhat  hyperemic, 
and  is  infiltrated  with  leukocytes,  some  of  which  contain  diphtheria  bacilli ; 
there  may  be  some  masses  of  fibrin  in  the  deeper  tissues,  but  the  disease  is 
essentially  a  superficial  inflammation. 

The  lymphatic  glands  of  the  neck  and  the  tonsils  are  usually  enlarged, 
and  in  the  lymph-nodes  of  the  tonsils  one  can  occasionally  recognize  the 
fibrin  network. 

In  cases  which  recover  the  membrane  sometimes  detaches  in  its  entirety, 
especially  in  cases  in  which  antitoxin  has  been  used.  This  leaves  a  denuded 
surface  upon  which  the  epithelium  soon  forms,  but  which  remains  hyperemic 
for  months  after.  When  the  membrane  does  not  exfoliate,  it  disappears  by 
gradual  absorption,  becoming  shredded,  fenestrated,  thinned,  and  gradually 
eroded.  In  these  cases  recovery  is  slower  than  where  the  entire  membrane 
is  exfoliated. 

Diphtheria,  however,  is  not  only  a  local  affection  of  the  throat,  but  also  a 
dangerous  toxic  disease.  In  the  local  lesion  the  diphtheria  bacilli  form  toxin 
which  is  absorbed  and  distributed.  Oertel  was  the  first  to  devote  much 
attention  to  the  histologic  changes  produced  in  the  organs  by  the  toxin,  and 
since  his  observations  much  work  has  been  done  upon  the  subject.  The 
disseminated  toxin  has  a  marked  destructive  effect  upon  the  tissues,  manifested 
by  the  formation  of  numerous  minute  foci  in  which  the  cells  are  destroyed 
and  their  nuclei  fragmented,  the  chromatin  being  scattered  about  in  granular 
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form.  Such  foci  are  found  in  the  tissues  in  extreme  cases  of  human  diph- 
theria, but  can  be  most  conveniently  studied  in  animals  that  succumb  to  large 
doses  of  diphtheria  toxin. 

It  may  be  that  death  from  diphtheria  intoxication  depends  in  part  upon 
the  occurrence  of  these  focal  lesions.  The  severity  of  the  intoxication  bears 
no  relation  to  the  extent  of  the  throat  lesion,  but  depends  entirely  upon  the 
virulence  of  the  particular  bacillus.  A  virulent  bacillus  sometimes  causes 
fatal  intoxication  from  a  very  circumscribed  and  limited  lesion,  while  a  mem- 
brane that  fills  the  entire  pharynx  may  be  caused  by  bacilli  of  such  feeble 
virulence  that  the  patient  is  scarcely  made  ill  by  the  quantity  of  toxin  gene- 
rated. 

The  intoxication  sometimes  causes  sudden  cardiac  palsy,  but  the  paralysis 
most  frequently  seen  in  diphtheria  appears  during  convalescence.  It  may 
occur  after  any  case  of  diphtheria,  but  usually  follows  severe  cases.  It  most 
commonly  affects  the  muscles  of  the  throat,  especially  the  levatores  palati, 
and  interferes  with  deglutition.  It  also  frequently  affects  the  muscles  of 
accommodation.  Monoplegia,  hemiplegia,  and  paraplegia  may  occur.  The 
nervous  lesions  are  peripheral  neuritis.  The  central  lesions  consist  of  toxic 
irritation,  with  atrophy  or  degeneration  of  the  ganglionic  cells. 

In  the  streptococcous  pseudomembranous  pharyngitis  the  disease  is  more 
local,  but  possesses  a  danger  from  which  diphtheria  is  nearly  free.  The 
streptococci  penetrate  deeply  into  the  tissue,  and  not  only  provoke  more 
violent  local  symptoms,  but  are  constantly  in  danger  of  transportation  to 
remote  parts,  where  secondary  abscesses  may  form. 

Secondary  abscesses  in  diphtheria  usually  depend  upon  accidentally  present 
streptococci  and  not  upon  the  dissemination  of  the  diphtheria  bacilli. 

Phlegmonous  pharyngitis  with  abscess  formation  usually  follows 
diphtheria  or  scarlatina,  and  depends  upon  the  accidental  entrance  of  the 
pyogenic  cocci  into  the  deep  tissues  of  the  pharynx.  It  is  occasionally 
brought  about  by  traumatism,  but  in  such  cases,  as  well  as  those  that  follow 
tuberculous  and  syphilitic  ulcerations  of  the  pharynx,  is  also  probably  due 
to  pus-cocci  accidentally  introduced.  Caries  of  the  spinal  column  may  also 
cause  pharyngeal  abscess. 

Syphilitic  pharyngitis  is  not  uncommon.  The  pharynx  is  hyperemic, 
and  sometimes  has  a  coating  of  white  mucus.  Erosions  and  ulcerations  with 
fissures  are  often  seen.  The  opaline  plaques — slightly  elevated,  circumscribed, 
flat,  reddish  or  bluish-white  prominences,  which  later  take  on  a  pearl-like 
appearance,  are  occasionally  found,  and  seem  to  be  characteristic.  It  may  be 
stated,  however,  that  though  sore  throat  is  a  very  common  symptom  of  syphilis 
upon  which  much  diagnostic  importance  is  to  be  placed,  it  is  a  difficult  matter 
to  make  a  diagnosis  from  the  appearance  of  the  throat  alone. 

Tuberculosis  of  the  pharynx  is  not  common.  The  lesions  consist 
of  sparsely  distributed  small  tubercles  upon  a  hyperemic  surface.  The  tuber- 
cles ultimately  soften,  and  leave  ulcers  that  may  continue  to  increase  in  size 
until,  in  extreme  cases,  nearly  the  entire  pharyngeal  mucous  membrane  is 
destroyed  and  transformed  into  an  uneven  ulcerated  surface. 

Tuberculosis  of  the  pharynx  nearly  always  accompanies  or  succeeds 
tuberculosis  of  the  lungs.     It  is  practically  unknown  as  a  primary  disease. 

The  tumors  of  the  pharynx  are  not  numerous.  Occasional  teratoid 
tumors — hairy  polypi,  etc. — are  seen.  Most  of  the  pharyngeal  tumors  de- 
velop from  the  connective  tissues.  Birch-Hirschfeld  has  %t&T\  fibroma,  fibro- 
sarcoma, round-cell  sarcoma,  myxoma,  plexiform  myxosarcoma.  Carcinoma 
is  occasionally  but  rarely  seen.  It  usually  extends  by  continuity  of  tissue 
from  contiguous  tissues,  and  causes  early  extension  to  the  lymphatic  glands' 
and  leads  to  early  death.     The  most  common  form  is  squamous  epithelioma. 
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THE  SALIVARY  GLANDS. 

The  diseases  of  these  organs  are  not  numerous,  and  are  for  the  most  part 
simple  in  origin  and  course. 

Acute  Parotitis. — The  parotid  gland,  the  largest  of  the  group,  is  most 
frequently  affected. 

The  acute  inflammation  may  be  due  to  traumatism,  but  in  the  great  ma- 
jority of  cases  is  infectious.  Two  principal  forms  of  acute  parotitis  are 
recognized,  the  simple  and  the  epidemic. 

Simple  parotitis,  simple  in  the  sense  that  it  is  not  epidemic  or  contagious, 
is  jn  the  majority  of  cases  caused  by  the  accidental  entrance  of  pyogenic 
bacteria  from  the  mouth  into  the  salivary  ducts.  The  condition  is  not  in- 
frequently suppurative  and  may  cause  disorganization  of  the  gland.  It  is 
not  infrequent  as  a  complication  of  typhoid,  cholera,  diphtheria,  and  other 
conditions  in  which  the  conditions  for  infection  are  particularly  good. 

Epidemic  parotitis  or  "  mumps  "  is  chiefly  a  disease  of  childhood.  It 
is  characterized  by  an  inflammatory  enlargement  of  the  parotid  gland  of 
one  or  both  sides.  The  organ  swells  to  a  marked  degree  from  serous  exuda- 
tion;  and  is  tense  and  painful.  All  the  indications  are  that  suppuration  is 
imminent,  yet  this  stage  of  the  inflammatory  process  is  rarely  reached,  and 
after  a  few  days  the  exudation  is  absorbed  and  the  patient  recovers.  It  occa- 
sionally happens  that  as  the  disease  recovers  at  the  original  seat  it  unex- 
pectedly reestablishes  itself  in  the  testicle  and  ovary,  where  the  same  painful 
swelling  occurs. 

The  etiology  of  the  affection  is  obscure,  but  a  number  of  workers  have 
found  that  by  catheterization  of  the  parotid  duct  it  was  possible  to  secure 
and  cultivate  a  small  diplococcus,  first  described  by  Laveran.  The  disease 
is  highly  contagious  and  not  infrequently  epidemic. 

Both  forms  of  inflammation  less  frequently  attack  the  submaxillary  and 
very  rarely  the  sublingual  gland. 

Angina  Ludovici. — The  infections  that  occur  in  the  neighborhood  of 
the  submaxillary  glands  are  not  always  confined  to  the  glands  themselves,  but 
may  rapidly  extend  to  the  surrounding  cellular  tissue,  with  resulting  phleg- 
monous and  even  gangrenous  changes.  Such  cases  are  described  as  angina 
Ludovici,  or  Ludwig's  angina,  and  can  scarcely  be  regarded  as  a  disease  of 
the  salivary  glands,  but  rather  as  a  form  of  cervical  cellulitis. 

Ludwig's  angina  sometimes  succeeds  scarlatina.  It  is  also  known  to 
occur  from  infection  of  the  s.oft  parts  by  carious  teeth,  etC;  The  abscesses 
usually  evacuate  externally,  but  may  rupture  into  the  mouth.  The  gangren- 
ous cases  are  often  fatal. 

From  any  of  the  simple  inflammations  or  from  traumatism,  subacute  and 
chronic  changes  characterized  by  connective-tissue  induration  in  the  glands 
may  take  place.  In  their  course,  atrophy  of  the  glands  and  stenosis  of  their 
ducts  may  occur. 

Salivary  fistulae,  or  communications  between  the  mouth  and  exterior, 
between  the  mouth  of  the  duct  and  the  gland,  are  rather  rare  results  of  trau- 
matism or  such  diseased  conditions  as  suppuration,  etc.,  in  which  there  is 
local  loss  of  tissue. 

Salivary  cysts  are  not  infrequent.  They  are  almost  without  exception 
retention  cysts,  caused  by  the  dilatation  of  ducts  whose  outlet  is  constricted 
or  closed.  The  most  frequent  and  classic  is  the  form  known  as  ranula. 
This,  when  typical,  is  a  cyst,  which  occurs  from  dilatation  of  the  Blandin- 
Nuhn's  glands,  small  acinous  glands  situated  near  the  tip  on  the  under  side 
of  the  tongue.  The  name  is,  however,  also  applied  to  retention  cysts  of 
the  sublingual  gland,  and,  indeed,  to  most  other  cysts  of   that  vicinity. 
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Salivary  cysts  often   attain  the  size  of  a  walnut.     Occasionally  they  are 
spoken  of  as  sialoceles. 

Salivary  calculi  or  sialoliths  are  occasionally  found  in  the  cystic 
dilatations  of  the  salivary  glands.  They  usually  form  about  foreign  bodies 
which  have  accidentally  entered  the  ducts. 

The  stones  consist  chiefly  of  phosphate  and  carbonate  of  calcium,  and  at 
times  of  inspissated  saliva.  They  are  usually  of  an  elongate  form,  corres- 
ponding to  the  shape  of  the  duct  in  which  they  are  formed,  and  may  be 
branched.  Their  size  is  sometimes  considerable,  Richter  having  seen  one 
that  weighed  34  grams,  and  Hulke  one  that  weighed  67  grams.  The  latter 
had  for  its  nucleus  a  minute  splinter  of  wood. 

Tumors  are  common  in  the  salivary  glands,  the  greater  number  being 
simple  connective-tissue  tumors.  Fibroma,  myxoma,  chondroma,  and  sar- 
coma are  not  infrequent.  They  all  form  encapsulated,  more  or  less  rounded 
growths.  As  the  sarcomata  grow  large  there  is  a  tendency  to  spread.  Those . 
of  rapid  growth  are  more  malignant  than  others,  and  the  usual  rules  as  to 
the  determination  of  malignancy  apply. 

The  epithelial  tumors  are  more  rare.  Adenoma  is  occasionally  seen. 
Carcinoma  usually  develops  from  a  focal  point  and  invades  the  gland. 

The  most  frequent  tumor  of  the  parotid  gland  is  that  well  known  as  the 
mixed  tumor.  It  is  composed  of  cartilaginous,  mucous,  and  fibrous  tissue, 
with  many  of  the  characteristics  of  sarcoma.  The  tumors  often  appear  in 
childhood  and  grow  slowly  until  they  attain  considerable  size.  In  spite  of 
their  sarcomatous  appearance,  they  are  usually  benign  in  disposition  and 
when  excised,  seldom  recur. 

Many  of  the  tumors  present  beautiful  hyaline  formations,  such  as  charac- 
terize cylindroma. 

The  tumor  probably  has  its  origin  in  remnants  of  fetal  fragments  which, 
in  the  development  of  the  cheeks,  become  included  in  the  parotid  structure. 
Such  mixed  tumors  are  found  only  in  the  parotid  gland. 

Parasites  are  not  common  in  the  salivary  glands.  Salzer  has  observed 
the  echinococcus  in  one  case.  ' 

Syphilis  rarely  affects  the  salivary  glands.  Gumma  has,  however,  been 
observed. 

Tuberculosis  of  the  salivary  glands  is  extremely  rare. 

THE  ESOPHAGUS. 

Malformations  of  the  esophagus  are  not  infrequent.  The  tube  may  end  abruptly  in  a  blind 
extremity  at  its  upper  third,  and  begin  again  a  little  lower  down,  at  a  communication  between 
the  esophagus  and  trachea. 

Fistulous  communications  with  the  trachea  are  of  rare  occurrence  and  are  found  at  varying 
heights.  Fistulas  may  also  occur  in  the  sides  of  the  neck  and  pharynx.  In  some  cases  the 
esophagus  is  double.  In  rare  cases  with  marked  deformity  of  the  body  the  esophagus  may  be 
absent.     This  condition,  however,  is  usually  seen  in  acardiac  monsters. 

Stenosis,  or  marked  narrowing  of  the  esophagus,  may  be  caused  by  in- 
trinsic and  extrinsic  conditions.  It  occurs  either  at  the  pharyngo-esophageal 
junction  or  at  the  cardiac  extremity. 

Extrinsic  Causes. —  Compression  is  seen  in  cases  of  enlargement  of  the 
thyroid  gland,  tumors,  aneurysms,  and  other  lesions  which  press  upon  the 
gullet  and  obstruct  it. 

Obstruction  from  the  lodgment  of  foreign  bodies — jack-stones,  false  teeth, 
etc. — which  have  been  swallowed  but  failed  to  pass  down  as  far  as  the  stomach 
is  not  infrequent.  Obstruction  also  occasionally  results  from  varicosities  of 
the  submucous  veins  in  obstructive  heart  disease  and  other  venous  obstruc- 
tions, and  is  said  by  Ziegler  occasionally  to  depend  upon  mycosis,  as  in  the 
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rare  cases  in  which  the  Oidium  albicans  has  established  itself  in  the  esopha- 
gus. Any  tumor  growth  within  the  esophagus  may  become  a  cause  of 
obstructive  stenosis. 

Strictures  are  the  most  frequent  sources  of  esophagus  obstruction.     They 

may  be  the   result  of  cicatricial  formations  following  the    deglutition  of 

caustic  substances,  such  as  ammonium,  carbolic  acid,  mineral  acids,  etc. 

Syphilis  of  the  esophagus  is  rare,  but  is  likely  to  be  followed  by  stenosis. 

Cancer  of  the  esophagus,  by  projecting  into  its  lumen  or  by  transforming 

its  elastic  walls  into  dense  inelastic  tissue,  is  also  a  cause  of  marked  stenosis, 

The  stenoses  of  the  esophagus  are  very  frequently  followed  by  secondary 

dilatation  of  the  higher  portion  of  the  tube, 
thus  giving  rise  to  ectasis — esophagectasis — or 
dilatation. 

Dilatation  of  the  Esophagus. — Dilata- 
tion of  the  esophagus  is  the  natural  outcome  of 
obstruction.  Food  being  swallowed,  it  enters 
the  gullet,  descends  to  the  seat  of  obstruc- 
tion, and  then,  failing  to  pass  and  enter  the 
stomach,  remains  and  distends  the  tube.  Any 
stenosis  may,  if  it  diminish  the  caliber  of  the 
tube  sufficiently,  cause  dilatation. 

The  dilatations  usually  affect  the  entire  cir- 
cumference of  the  tube,  though  at  times  the 
distention  may  be  greater  on  one  side  than 
upon  the  other. 

In  rare  cases  dilatations  occur  without  ste- 
nosis, and  the  esophagus  presents  the  appear- 
ance of  a  pouch,  largest  at  its  center.  Ex- 
actly why  such  a  change  should  take  place  is 
doubtful.  Some  refer  it  to  muscular  contrac- 
tions at  the  cardiac  end  of  the  tube,  others  to 
loss  of  the  muscular  elasticity  of  the  esopha- 
geal walls.  The  walls  of  the  esophagus  are 
almost  always  thickened,  the  chief  hyperplasia 
occurring  in  the  muscular  coat.  Rarely  small 
ulcerations  occur  in  the  mucous  membrane  near 
the  gastric  termination. 

In  rare  cases  dilatation  of  the  lower  part 
of  the  esophagus  is  congenital,  and  a  pouch 
is  formed  which  corresponds  to  the  first 
stomach  of  ruminants. 

Diverticula  of  the  Esophagus. — Di-  . 
verticula  are  local  expansions  of  the  esophageal  walls  with  the  formation  of 
cecal  pouches  communicating  with  the  tube  by  a  more  or  less  constricted 
mouth.  Their  formation  may  depend  upon  the  action  of  internal  conditions 
which  force  the  wall  of  the  esophagus  outward,  or  upon,  external  causes  which 
make  traction  upon  it.     Two  classes  are  described  by  von  Zenker : 

I.  Pulsion  or  pressure  diverticula. 

II.  Traction  diverticula. 

I.  Pulsion  or  pressure  diverticula  occur  chiefly  in  that  part  of  the  tube 
which  experiences  the  greatest  pressure  from  the  swallowed  food.  This  point 
is  probably  at  or  near  the  pharyngo-esophageal  junction,  where,  in  fact,  most 
of  the  pouchings  occur.  They  may  project  posteriorly  or  laterally,  and 
usually  are  rounded  sacs,  varying  in  size  from  a  pea  to  a  hazelnut.  They 
may,  however,  attain  the  size  of  a  pear  and  form  pendulous  pouches  filled 


Fig.  250. — Large  pulsion  diver- 
ticulum of  the  ■  esophagus.  Lateral 
view  (after  Zenker). 
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with  food  that  has  entered  during  deglutition.  The  coats  of  the  esophagus 
may  all  be  present,  or  it  may  be  that  the  muscularis  is  absent  and  the  pouch 
is  formed  by  the  projection  of  the  mucous  and  submucous  coats  through  it, 

The  food  that  enters  the  diverticulum  is  retained  for  some  time  and  under- 
goes putrefactive  changes  which  not  infrequently  lead  to  inflammatory  changes 
in  the  mucous  membrane  of  the  diverticulum  itself  and  in  the  adjacent  mucous 
membrane  of  the  esophagus.  This  inflammatory  reaction  causes  thickening 
of  the  walls  of  the  sac,  with  occasional  papillary  outgrowths. 

The  formation  of  the  diverticulum  probably  finds  its  predisposing  cause 
in  injuries  of  the  esophagus  such  as  result  from  ulcerations  and  the  presence 
of  foreign  bodies.  The  lateral  diverticula  may  also  follow  developmental  de- 
fects in  the  closing  of  the  bronchial  arches  and  imperfections  of  the  cervical 
tissues  and  organs. 

II.  Traction  diverticula  are  more  frequent  and  originate  in  the  traction 
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Fig.  251. — a,  Traction  diverticulum  of  the  esophagus  (lateral"  view) ;  i,  traction  diverticulum 
of  another  esophagus  (internal  view)  (after  Zenker). 

exerted  upon  the  esophageal  wall  by  adherent,  enlarged  lymphatic  glands 
and  by  inflammatory  bands  attached  to  other  organs  and  tissues.  They  form 
pouches  projecting  anteriorly,  and  differ  from  the  pulsion  diverticula  in  being 
more  like  a  funnel  than  like  a  bag  in  shape.  The  walls  may  be  perfect,  or 
the  muscular  coat  may  be  missing  and  the  chief  components  be  mucosa  and 
submucosa.  At  the  apex  of  the  funnel  the  tractile  band  is  found.  There  is 
usually  much  disturbance  of  the  neighboring  tissues,  and  the  esophagus,  the 
trachea,  the  bronchial  lymphatic  glands,  and  other  structures  are  firmly 
adherent  to  one  another. 

The  tendency  for  progressive  increase  in  size  which  characterizes  the  pul- 
sion diverticula  is  absent  here,  as  the  force  propelling  the  food  has  nothing 
to  do  with  the  diverticulum  formation.  Perforation  occasionally  happens 
through  laceration  of  the  apex  of  the  diverticulum  should  the  tension  become 
too  great. 
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Rupture  of  the  esophagus  may  occur  in  healthy  gullets  as  the 
result  of  traumatism,  but  is  very  rare.  A  few  cases  are  recorded  in  which 
the  tube  has  been  ruptured  during  violent  efforts  at  vomiting.  Such  lacera- 
tions may  be  longitudinal  or  transverse.      Ziegler  is  of  the  opinion  that 

such  lacerations  are  made  possible  by 
changes  wrought  in  the  esophageal  tis- 
sues by  frequently  regurgitated  diges- 
tive juices  from  the  stomach.  The  par- 
tial digestion  leads  to  softening  of  the 
tissue — esophagomalacia. 

Perforation  of  the  esophagus 
may  depend  upon  internal  and  exter- 
nal causes.  The  most  frequent  in- 
ternal causes  are  simple,  syphilitic,  or 
cancerous  ulcerations  which  destroy 
the  tissues,  weaken  the  wall  of  the 
tube,  and  cause  it  to  yield  before  the 
distending  force  of  the  descending 
food.  Occasionally  in  bed-ridden 
and  marasmatic  patients  necrosis  of 
the  esophageal  tissues  is  brought 
about  by  the  pressure  of  the  cricoid 
cartilage,  and  may  be  succeeded  by 
perforation. 

The  external  perforations  may  de- 
pend upon  suppuration,  caseating 
tuberculous  glands,  gummata,  aneu- 
rysms of  the  aorta,  etc.,  which  grad- 
ually embrace  or  erode  the  esophageal 
walls  until  they  finally  give  way. 

Perforations  are  probably  always 
succeeded  by  the  infection  of  the 
lacerated  tissues  and  the  establish- 
ment of  inflammations,  which  may 
be  mild  or  may  become  phlegmonous 
or  gangrenous. 

Carcinoma  of  the  esophagus  fre- 
quently leads  to  perforation.  The 
opening  sometimes  leads  into  a  bron- 
chus, and  the  subsequent  passage  of 
food  through  it  and  its  inspiration 
into  the  deeper  parts  of  the  lung 
may  lead  to  purulent  bronchitis,  or, 
as  I  have  seen,  to  gangrene  of  the 
lung. 

Inflammation  of  the  esoph- 
agus (esophagitis)  may  be  caused 
by  the  injurious  action  of  foreign 
bodies,  by  irritating  or  injurious  sub- 
stances swallowed,  or  by  infection. 
I.  Catarrhal  Inflammation  of  the  Esophagus. — The  morbid  anatomy  is 
very  simple,  consisting  of  congestion,  infiltration,  and  thickening  of  the 
mucous  and  submucous  coats,  and  desquamation  of  the  epithelium.  The 
inflamed  esophagus  is  nearly  red.  Ulcerations  are  occasionally  seen.  This 
form  of  inflammation  may  be  general  or  may  be  local  if  caused  by  a  foreign 


Fig.  252. — Epithelioma  of  the  esophagus : 
i^,  Epiglottis ;  b,  larynx ;  c,  dilated  esophagus 
with  the  posterior  wall  pressed  forward  by 
enlarged  lymph-glands  ;  d,  enormous  degene- 
rating tumor-mass  through  which  a  very  small 
channel  permitted  food  to  enter  the  stomach  ; 
e,  aorta. 
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body.  If  the  inflammation  becomes  chronic,  the  coats  of  the  tube  are  thick- 
ened and  thrown  into  folds.  Polypoid  projections  from  the  surface  of  the 
mucous  membrane  and  cysts  formed  by  obstruction  of  the  mucous  glands  are 
common.     Chronic  esophagitis  is  almost  invariable  in  drunkards. 

2.  Croupous  inflammation  usually  depends  upon  infection  with  the  strep- 
tococcus (?).  True  diphtheria  of  the  esophagus  is  quite  rare.  Croupous  or 
pseudomembranous  esophagitis  is  occasionally  met  with  in  typhoid  fever, 
scarlatina,  measles,  variola,  cholera,  phthisis  pulmonalis,  and  similar  affec- 
tions. The  ordinary  characteristics  of  the  pseudomembranous  inflammations 
are  observed.  When  corrosive  substances  have  been  swallowed,  the  surface 
of  the  esophagus  is  sometimes  covered  with  a  pseudomembrane  formed  from 
the  destroyed  superficial  tissue. 

3.  Phlegmonous  esopliagitis  results  from  the  rupture  of  abscesses  into 
the  esophageal  walls  and  from  perforations.  A  curious  but  rare  effect  of  ex- 
tensive abscess  formation  in  the  wall  of  the  esophagus  is  the  occurrence  of 
permanent  cavities  or  spaces  beneath  the  mucosa,  which  has  been  elevated 
by  the  pus.  After  rupture  and  evacuation,  instead  of  collapse  and  organiza- 
tion, these  cavities  become  lined  by  epithelium  and  persist. 

4.  Mycotic  esopliagitis  caused  by  Oidium  albicans  occurs  in  rare  cases  of 
thrush. 

Syphilis  and  tuberculosis  rarely  attack  the  esophageal  tissues.  When  the 
latter  occurs,  it  is  usually  by  extension  of  the  disease  to  the  esophagus  from 
neighboring  tuberculous  lymphatic  glands. 

Tumors  of  the  esophagus  are  not  common.  The  ordinary  connec- 
tive-tissue tumors — fibroma,  myxoma,  myoma,  lipoma,  etc. — are  occasionally 
observed.  They  are  usually  polypoid  in  form.  Sarcoma  and  papilloma 
(verrucse  esophagi)  are  more  rare. 

The  most  frequent  neoplasm  of  the  esophagus  is  the  squamous  epitlie- 
lioma.  It  may  occur  at  any  part  of  the  organ,  but  is  most  frequent  at  the 
lower  third,  where  the  organ  is  crossed  by  the  left  bronchus.  It  forms  a  flat, 
tabular  swelling,  the  center  of  which  soon  becomes  ulcerated.  As  the  ulcer 
spreads,  the  tumor  is  recognizable  as  an  extensive  ulceration  surrounded  by 
a  dense,  hard,  cicatricial  connective-tissue  border.  Beginning  in  the  mucosa, 
the  submucosa  and  muscularis  are  successively  invaded,  and  ultimately  the 
surrounding  tissues  may  be  infiltrated.  The  disease  leads  to  marked  stenosis, 
-which  is  naturally  followed  by  dilatation,  this  by  retention  of  food  and  in- 
fection of  the  ulcerated  tissues.  The  disease  may  extend  to  the  neighboring 
lymphatic  glands,  trachea,  bronchi,  pericardium,  pleura,  lungs,  and  heart. 
Perforation  of  the  esophagus  not  infrequently  follows  the  epitheliomatous 
ulceration  and  stenosis. 

Cancer  of  the  esophagus  is  much  more  frequent  in  men  than  in  women, 
and  is  especially  frequent  in  drunkards. 

DISEASES  OF  THE  STOMACH. 

Congenital  Anomalies. — Complete  absence  of  the  stoinach  is  a  rare  condition,  usually  seen 
only  in  acardiac  monsters.  The  stomach  is  occasionally  abnormally  small.  Rarely  it  is  with- 
out its  normal  outlet  into  the  duodenum,  and  connects  with  the  intestine  only  by  a  fibrous 
•cord.  Sometimes  the  organ  is  double,  in  the  sense  of  consisting  of  two  pouches  separated 
from  each  other  by  a  marked  intermediate  constriction,  and  is  then  spoken  of  as  an  "hour- 
glass stomach."  Such  organs  sometimes  result  from  the  cicatrization  and  subsequent  contrac- 
tion that  follow  the  healing  of  large  ulcerations.  In  cases  of  transposition  of  the  viscera  the 
position  of  the  stomach  is  reversed. 

Circulatory  Disturbances. — Anemia  of  the  mucous  membrane  of  the 
stomach  occurs  as  a  part  of  general  anemia.  In  this  condition  the  mucosa  is 
pale  and  may  be  thinned.  The  normal  rugse  are  often  lost,  and  the  surface 
of  the  organ  appears  unusually  smooth.     The  stomach  is  sometimes  much 
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smaller  than  normal,  particularly  in  cases  of  pernicious  anemia.  It  is  thought 
by  some,  however,  that  the  atrophy  of  the  stomach  is  the  cause,  and  not  the 
effect,  of  the  anemia. 

Hyperemia. — Functional  hyperemia  causes  a  delicate  rosy  hue  of  the 
mucous  membrane  during  digestion.  Acute  congestion  of  the  stomach  de- 
pending upon  the  presence  of  irritating  substances  is  characterized  by  a  more 
intense  color  and  by  irregular  distribution  in  streaks  and  patches  correspond- 
ing to  the  parts  chiefly  acted  upon  by  the  irritant.  The  apical  portions  of 
the  larger  rugae  of  the  pyloric  extremity  most  frequently  show  the  red  color. 

Passive  hyperemia  of  the  stomach  follows  venous  stasis  in  heart  disease 
and  cirrhotic  hepatitis.  The  mucous  membrane  is  not  red,  as  in  the  acute 
hyperemia,  but  appears  purplish  in  color.  When  the  congestion  is  of  pro- 
tracted duration,  the  submucosa  may  appear  edematous.  The  blood  fre- 
quently extravasates  from  the  veins,  and  small  interstitial  hemorrhages  are 
common.  The  fresh  hemorrhages  have  the  usual  dark  color,  while  old 
hemorrhages  appear  as  brownish  or  yellowish  spots. 

Hemorrhages. — Hemorrhages  into  the  mucous  membrane  of  the  stomach 
occur  with  great  frequency.  Indeed,  Birch-Hirschfeld  states  that  careful 
examination  will  reveal  their  presence  in  about  one-half  of  the  cadavers  ex- 
amined. He  looks  upon  the  majority  as  caused  by  pre-agonal  vomiting. 
They  usually  appear  as  punctiform  or  linear,  submucous,  purplish  or  reddish- 
brown  discoloratioiis.  Not  infrequently  the  hemorrhagic  area  is  not  properly 
protected  from  the  gastric  juice  by  alkaline  mucus,  so  that  if  they  have 
occurred  some  time  before  death,  the  mucous  membrane  is  eroded.  This 
condition  is  described  as  hemorrhagic  erosion  of  the  stomach. 

Punctiform  hemorrhages  are  also  seen  in  the  infectious  diseases,  such  as 
typhoid,  purpura,  etc.,  and  in  acute  atrophy  of  the  liver,  as  well  as  in  the 
chronic  congestions  following  cirrhosis  of  the  liver  and  cardiac  disease. 

Massive  hemorrhages  from  the  stomach — hematemesis — are  seen  in  peptic 
ulcer  (^.  w.)  and  in  carcinoma,  and  sometimes  from  traumatism  caused  by 
swallowing  foreign  bodies. 

In  peptic  ulcer  the  hemorrhage  results  from  the  erosion  of  a  blood  vessel, 
and  may  be  fatal  if  the  eroded  vessel  be  large  enough  to  permit  of  so  extreme 
a  loss  of  blood.  In  the  traumatic  lesions  the  extent  of  the  hemorrhage  cor- 
responds to  the  extent  of  the  injury  done  the  gastric  membrane.  In  both 
conditions  the  vomited  blood  may  appear  bright  red  and  arterial  in  appear- 
ance, or,  if  retained  for  some  time  in  the  stomach,  may  be  altered  by  the 
action  of  the  gastric  juice  and  resemble  coffee-grounds. 

In  cancer  of  the  stomach  with  considerable  ulceration  hemorrhage  is  chiefly 
due  to  oozing  from  the  capillaries.  The  blood  escaping  is  slowly  altered  by 
the  gastric  juice,  and  rarely  appears  normal,  the  "coffee-ground  vomit" 
being  quite  typical. 

A  peculiar  hemorrhagic  condition  of  the  stomach  and  duodenum  of  newly 
born  infants  is  called  melcena  neonatorum,  and  is  accompanied  by  the  forma- 
tion of  ulcers  in  the  mucous  membrane.  Some  think  that  it  depends  upon 
cerebral  lesions,  but  there  is  as  yet  no  definite  information  upon  the  subject 
Schiff  and  Ebstein  have  carefully  studied  the  effect  of  brain  lesions  upon  the 
vascular  condition  of  the  stomach,  and  found  that  in  2,3  experimental 
punctures  of  the  corpora  quadrigemina,  etc.,  gastric  hemorrhage  resulted 
in  9. 

Bleeding  from  the  stomach  also  occurs  in  hemophilia  and  in  rare  cases  of 
vicarious  menstruation. 

Thrombosis  of  the  gastric  vessels  is  uncommon.  It  is  supposed  to  be 
a  cause  of  peptic  ulceration.  It  sometimes  occurs  after  extensive  burns 
of  the  surface  of  the  body,  and  is  followed  by  the  sudden  formation  of 
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ulcers  of  the  pylorus  and  duodenum  which  progress  to  rapid  perforation 
from  subsequent  erosion  by  the  digestive  juices. 

Embolism  of  the  gastric  vessels  is  not  uncommon  in  cardiac  disease. 
There  is  such  free  anastomosis  of  the  gastric  vessels,  however,  that,  except 
the  embolus  be  infectious,  it  is  unaccompanied  by  important  changes.  In- 
fectious emboli  lead  to  the  formation  of  abscesses  and  ulcers  of  the  mucous 
membrane. 

Effect  of  Gastric  Juice  upon  the  Stomach. — The  gastric  juice  is  without  effect  upon  the 
walls  of  the  stomach  during  health.  Exactly  what  protects  the  mucous  membrane  is  not 
known.  Hunter  believed  that  "  the  principle  of  life  "  keeps  living  things  from  being  digested. 
Bernard  believed  that  the  epithelium  of  the  stomach  acted  as  a  protective  to  the  organ,  pre- 
venting the  absorption  of  the  gastric  juice.  Others  think  that  the  mucus  formed  by  the  gastric 
mucous  membrane,  being  alkaline,  acts  as  a  protective  coating ;  still  others  that  the  alkaline 
blood  circulating  in  the  mucosa  neutralizes  the  acid  of  the  gastric  juice  and  thus  prevents  the 
possibility  of  peptic  digestion. 

As  Howell  points  out,  the  question  is  more  complicated  than  at  first  appears,  for  unicellular 
organisms  prepare  digestive  juices  which  will  digest  incorporated  bodies  without  digesting 
themselves,  and  thus  shows  us  that  the  protective  power  is  probably  "  a  peculiarity  of  struc- 
ture." "  When  it  is  said  that  the  exemption  of  living  tissues  from  self-digestion  is  due  to  pecu- 
liarities of  their  structure,  it  must  not  be  supposed  that  this  is  equivalent  to  referring  the  whole 
matter  to  the  action  of  a  mysterious  vital  force.  On  the  contrary,  all  that  is  meant  is  that  the 
structure  of  the  living  protoplasmic  material  is  such  that  the  action  of  the  digestive  secretion 
is  prevented,  possibly  because  it  is  not  absorbed,  this  result  being  the  outcome  of  the  physical 
and  chemical  forces  exhibited  by  matter  with  this  peculiar  structure." 

Upon  abnormal  tissue,  however,  the  case  is  quite  different,  and  the  gastric  juice  readily  dis- 
solves it,  forming  the  "  peptic  ulcer."  1 

Peptic  Ulcer. — A  peptic  ulcer  is  an  erosion  caused  by  the  action  of  the 
gastric  juice  upon  diseased  tissue. 

Etiology. -^The  exciting  cause  is  the  proteolytic  action  of  the  gastric 
juice.  The  most  frequent  predisposing  causes  are  probably  the  small 
hemorrhages  of  the  mucosa  already  mentioned. 

Infection,  embolism,  and  thrombosis  of  the  gastric  vessels  from  ischemia 
following  arteriosclerosis,  spasms  of  the  blood  vessels,  etc.,  are  factors  of 
importance.  General  anemia,  especially,  in  chlorosis,  seems  to  predispose  to 
ulceration.  Increased  acidity  of  the  gastric  juice,  whether  the  result  of 
therapeusis  or  disease,  by  increasing  its  activity,  favors  ulceration.  It  has 
also  been  shown  experimentally  by  Somnelsohn  that  the  alkalinity  of  the 
blood  has  much  to  do  with  the  protection  of  the  gastric  mucosa,  for  when 
the  acidity  of  the  gastric  contents  was  increased  to  2  per  cent.,  it  did  not 
affect  the  normal  mucosa,  even  when  the  alkalinity  of  the  blood  was  de- 
stroyed. When,  however,  the  gastric  contents  were  artificially  increased  to 
5  per  cent,  and  the  alkalinity  of  the  blood  destroyed,  the  gastric  juice  at 
once  attacked  the  mucous  membrane. 

Morbid  Anatomy. — Morbid  growths  of  the  stomach  are  usually  more  or 
less  corroded,  but  as  in  these  cases  the  gastric  juice  loses  its  acidity,  altera- 
tions in  structure  that  would  ordinarily  predispose  to  erosion  escape  it.  The 
lesions  appear  as  larger  or  smaller,  more  or  less  rounded,  losses  of  substance. 
They  may  be  confined  to  the  mucosa,  may  involve  the  submucous  layer, 
include  the  muscularis,  or  even  in  some  cases  destroy  the  serous  coat.  Ac- 
cording to  the  classic  description,  the  peptic  ulcer  appears  as  if  cut  out 
with  a  punch.  It  is,  as  a  rule,  crater-like,  being  wider  at  the  top  than  at 
the  bottom,  and  when  several  coats  are  involved,  is  distinctly  terraced,  the 
lost  tissue  in  each  coat  being  of  less  extent  than  in  the  more  superficial 
layers.     The  true  peptic  ulcer  is  accompanied  by  very  little  inflammation. 

The  ulcers  are  usually  single,  though  Osier  mentions  a  case  in  which  34 
were  present.  The  size  is  usually  small,  varying  from  i  to  4  cm.  Peabody 
has  seen  one  which  measured  10  by  19  cm. 

Gastric  ulcers  do  not  always  produce  clinical  symptoms,  as  they  are  much. 
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more  frequently  discovered  at  autopsy  than  would  be  expected.  In  2330 
autopsies  at  Prague  reviewed  by  von  Jaksch,  peptic  ulcers  occurred  in  11;^  (5 
per  cent.).  In  13,665  autopsies  reviewed  by  Leube,  there  were  623  ulcers  or 
healed  scars — 5  per  cent.  Of  1699  cases  which  Welch  has  collected,  40  per 
cent,  were  males  and  60  per  cent,  females,  so  that  it  is  much  more  frequent 
among  females  than  among  males. 

The  ulcers  are  generally  situated  upon  the  posterior  wall  of  the  stomach, 
at  or  hear  the  lesser  curvature,  and  are  much  more  frequent  near  the  pyloric 
than  toward  the  cardiac  end. 

Peptic  ulcer  may  also  occur  in  the  duodenum,  but  less  frequently  than  in 
the  stomach.  Men  more  frequently  suffer  from  duodenal  ulcer;  women 
more  often  from  gastric  ulcer. 

The  termination  of  the  ulceration  is  interesting.  Most  commonly  it  heals 
kindly.  The  corrosion  progresses  until  all  the  devitalized  or  diseased  tissue 
is  digested,  then,  as  the  gastric  juice  begins  to  act  upon  the  healthy  tissue,  a 
reactive  inflammation  begins  at  the  periphery,  cicatrization  occurs,  followed 
by  contraction,  until  only  a  rounded,  more  or  less  radiating  scar  is  formed. 
Large  ulcerations  probably  last  a  long  time  before  regeneration  occurs.  Hour- 
glass stomach  is  formed  by  the  contraction  following  large  scars. 

There  is  no  new  formation  of  muscular  tissue  in  the  scar.  The  mucosa, 
however,'  regenerates  perfectly  and  is  provided  with  normal  glandular  tissue. 

The  scar  is  easily  recognized  by  its  white  color  and  stellate  shape. 

Small  simple  and  otherwise  unimportant  ulcerations  may  erode  blood- 
vessels and  cause  hemorrhage  that  may  prove  fatal.  The  vessels  most  fre- 
quently eroded  are  the  splenic  artery  and  the  artery  of  the  lesser  curvature 
or  their  branches. 

Deep  ulcers  may  perforate  and  permit  the  escape  of  the  gastric  con- 
tents into  the  peritoneum  with  resulting  peritonitis.  Fortunately,  this  is 
commonly  prevented  by  the  position  of  the  ulcerations,  which  make  possible 
inflammatory  adhesions  between  the  stomach  and  liver,  stomach  and  pan- 
creas, stomach  and  diaphragm,  and  stomach  and  spleen.  Even  when  they 
occur  anteriorly,  it  is  possible  for  adhesions  to  form  between  the  stomach  and 
colon  and  prevent  the  contents  of  the  stomach  escaping  into  the  peritoneal 
cavity.  Fistulous  communications  may  be  established  between  the  stomach 
.and  the  transverse  colon  and  between  the  stomach  and  duodenum.  Rup- 
tures through  the  diaphragm  into  the  pericardium  have  been  seen,  and 
Osier  speaks  of  cases  that  finally  ruptured  into  the  left  ventricle  of  the  heart. 
JRupture  of  the  diaphragm  into  the  pleura  has  also  been  seen. 

When  the  stomach  unites  with  the  liver  or  pancreas,  fibroid  changes 
occur  in  the  respective  organs  near  the  seat  of  union.  Infection  occurs,  and 
abscesses  usually  form. 

The  most  unfavorable  ulcerations  are  situated  on  the  anterior  aspect  of 
the  stomach,  where  adhesions  can  be  formed  with  difficulty.  These  cases 
are  apt  to  rupture  into  the  peritoneal  cavity.  Some  ulcers  of  the  posterior 
wall  rupture  into  the  lesser  peritoneal  cavity.  They  may  lead  to  the  forma- 
tion of  subphrenic  abscesses,  and  also  at  times  to  fetid  purulent  inflammation 
between  the  liver  and  diaphragm.  Sometimes  such  cases  give  rise  to  gaseous 
distention  extruding  upward  into  the  thorax,  and  described  as  subphrenic 
pyopneumothorax. 

,  Gastromalacia  is  a  softened  condition  of  the  yralls  of  the  stomach  commonly  seen  at  autopsy, 
and  without  doubt  resulting  from  the  postmortem  action  of  gastric  juice  upon  its  tissue.  In 
cases  of  slow  death  in  which  there  is  a  profound  alteration  in  the  circulation  of  the  stomach, 
it  may  be  possible  for  the  conidtion  to  occur  during  the  death  agony,  but,  as  ordinarily  seen, 
the  process  is  without  doubt  the  result  of  the  combined  maceration  and  digestion  of  the  dead 
tissue.  The  condition  is  most  marked  in  cases  of  hyperacidity  or  in  those  dying  during  diges- 
tion.    It. is  common  in  infants,  probably  because  of  lactic-acid  fermentation  in  the  stomach. 
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It  is  first  observed  in  that  portion  of  the  stomach  in  actual  contact  with  the  contents,  and  a 
line  of  circumscription  may  be  observed  corresponding  to  the  fluid  level.  The  result  of  the 
digestion  and  maceration  is  so  marked  a  softening  of  the  tissue  that  it  may  rupture  spontane- 
ously and  allow  the  escape  of  the  contents  of  the  stomach  into  the  peritoneum.  The  post- 
mortem nature  of  this  change  can  be  determined  by  nodng  the  absence  of  peritonitis. 

This  appearance  of  the  stomach  should  be  learned  early,  so  that  it  may  not  be  confounded 
with  pathologic  conditions. 

If  the  mucous  membrane  be  anemic  and  the  contents  of  the  stomach  free  from  discoloring 
substances,  the  gastromalacic  wall  appears  pale  gray  in  color  and  has  a  gelatinous  consistence. 
This  is  spoken  of  as  gelatinous  softening,  and  is  most  frequently  seen  in  infants. 

When  the  mucosa  is  congested  at  the  time  of  death  and  there  is  considerable  blood  in  the 
veins,  the  transformation  of  the  hemogWbin  into  hematin  causes  the  tissues  to  take  on  a  more 
or  less  intense,  reddish-brown  color,  which  is  much  intensified  along  the  lines  of  its  veins. 
The  final  stage  is  the  transformation  of  the  tissues  into  a  mushy,  non-resisting  mass.  This  is 
described  as  pulpy  or  brown  softening. 

INFLAMMATION  OF  THE  STOMACH. 

Acute  gastritis  usually  depends  upon  internal  causes,  the  most  common 
being  irritants,  such  as  alcohol,  indigestible  foods,  etc.  Some  cases  may 
depend  upon  infection.  A  smaller  number  of  cases  result  from  the  extension 
to  the  stomach  of  inflammations  of  neighboring  organs. 

The  pathologic  anatomy  is  extremely  simple.  There  is  a  more  or  less 
marked  hyperemia  of  the  mucosa,  which  appears  red,  somewhat  thickened, 
and  covered  with  an  unusual  amount  of  mucous  secretion.  There  may  be 
occasional  small  submucous  hemorrhages. 

Microscopically,  the  wall  of  the  stomach  is  but  slightly  changed  in  struc- 
ture. The  mucosa  is  thickened  and  congested,  and  the  epithelial  cells  of  the 
glands  and  of  the  surface  are  in  a  condition  of  cloudy  swelling.  An  enor- 
mous number  of  goblet  cells  are  present.  The  cloudy  swelling  makes  it 
impossible  to  distinguish  between  the  chief  and  parietal  cells  of  the  glands. 
Many  of  the  cells  desquamate,  remaining  in  the  characteristic, coating  of 
tenacious  mucus.  The  disease  is  essentially  catarrhal  in  character.  The 
areolar  tissue  about  the  glands  is  infiltrated  with  leukocytes. 

Pseudomembranous  gastritis  occasionally  results  from  the  action  of 
swallowed  caustic  substances,  or  from  certain  of  the  specific  infectious  dis- 
eases, such  as  scarlatina  and  small-pox.  It  also  occasionally  results  from  true 
diphtheria.  In  all  forms  the  characteristic  feature  is  the  occurrence  of  gray- 
ish-white pseudomembrane  which  forms  in  smaller  or  larger  patches,  or  upon 
extensive  surfaces  of  reddened  and  inflamed  mucous  membrane.  In  true 
diphtheria  the  necrotic  process  may  extend  so  deeply  that  the  entire  mucosa 
is  transformed  into  part  of  the  false  membrane. 

Mycotic  Gastritis. — Parrot  has  seen  a  few  cases  in  which  thrush  has 
become  a  widely  distributed  disease  with  patches  in  the  stomach. 

Phlegmonous  gastritis  is  a  very  rare  disease,  caused  by  the  streptococcus 
and  characterized  by  the  formation  of  more  or  less  circumscribed  abscesses. 
The  neighboring  tissues  are  affected  by  contiguity  and  become  infiltrated 
with  pus.  The  abscesses  ultimately  rupture  into  the  cavity  of  the  stomach. 
If  the  patient  does  not  die,  recovery  is  not  always  by  cicatrization  with  con- 
traction, but  by  growth  of  the  epithelium  from  the  neighboring  mucosa  into 
the  cavity.  If  there  were  numerous  apertures,  there  will  be  a  corresponding 
number  of  communications  between  the  interior  of  the  stomach  and  the 
submucous  cavity. 

Chronic  gastritis  may  result  from  repeated  acute  attacks,  or  may  be 
chronic  from  the  beginning.  It  is  a  common  result  of  the  abuse  of  alcohol, 
of  habitual  indulgence  in  indigestible  foods,  the  excessive  use  of  tobacco, 
and  insufficient  mastication.  It  also  results  from  certain  constitutional 
disorders,  such  as  anemia,  gout,  tuberculosis,  diabetes,  and  Bright's  disease, 
and  may  occur  from  purely  local  conditions,  such  as  cancer  of  the  stomach. 


454 


DISEASES   OF   THE  DIGESTIVE   SYSTEM. 


chronic  congestion  of  the  stomach  from  cirrhosis  of  the  liver,  chronic  heart 
disease,  etc. 

Simple  Chronic  Gastritis. — In  this  form  of  the  affection  one  not  infre- 
quently sees  indications  of  the  primary  acute  disease,  in  the  form  of  hemor- 
rhagic erosions,  more  or  less  marked  ulcerations,  loss  of  mucous  membrane 
where  pseudomembranes  have  been  attached,  cellular  infiltration  of  the 
mucosa,  hyperplasia  of  the  submucosa,  etc.  The  stomach  is  usually  capa- 
cious, though  it  may  be  smaller  than  normal.  The  mucosa  is  usually  thick- 
ened from  infiltration  and  hyperplasia.  The  proliferated  connective  tissue 
is  irregularly  distributed  in  the  submucosa,  and  not  infrequently  circum- 
scribes islands  of  normal  mucosa  which  project  above  the  surface.  A  marked 
wrinkling  of  the  mucous  membrane  near  the  pylorus,  accompanied  by  the 
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Fig.  253. — Chronic  gastritis.  The  mucosa  is  infiltrated  with  leukocytes,  the  glandular 
tissue  has  in  part  disappeared,  and  some  of  the  glands  (a)  have  developed  into  cysts ;  i,  mu- 
cosa ;  c,  submucosa. 

presence  of  numerous  nodular  and  polypoid  projections,  give  it  the  name 
polyposis  ventricuU.  The  French  pathologists  speak  of  this  condition  as  an 
"  etat  mammelone. ' ' 

Sclerotic  gastritis  is  a  chronic  interstitial  form  of  the  disease.  It  may 
have  its  origin  in  prolonged  mild  irritation  or  in  peculiar  systemic  intoxi- 
cation in  profound  anemia  or  in  systemic  depression. 

It  is  characterized  primarily  by  increase  in  the  fibroconnective  tissue  of 
the  wall  of  the  stomach,  secondarily  by  its  contraction,  which  destroys  the 
glandular  tissue.  Partly  destroyed  glands  sometimes  have  occluded  outlets 
and  dilate  into  cysts. 

The  mucosa  may  be  so  thinned  as  to  be  only  one-half  or  one- third  its 
normal  thickness,  but  the  connective  tissue  is,  nevertheless,  increased  and 
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contracted  so  as  to  form  an  actual  atrophic  induration.  Upon  the  atrojjhic 
surfaces  one  occasionally  finds  large,  indefinitely  outlined  ulcerations.  The 
stomach  maybe  enlarged— dilated.  Some  speak  of  the  condition  0.1, phthisis 
ventriculi. 

In  other  cases  the  connective-tissue  proliferates  to  a  much  more  marked 
extent,  and  contracts  so  uniformly  as  to  reduce  the  capacity  of  the  stomach 
to  a  few  ounces.  The  walls  of  the  stomach  may  be  unusually  thick  and  the 
mucosa  wrinkled.  The  chief  increase  is  in  the  connective  tissue  of  the  sub- 
mucosa,  but  the  muscular  tissue  may  also  be  increased.  The  loss  of  glandular 
tissue  is  less  apparent  than  might  be  expected  because  of  the  diminished  sur- 
face over  which  it  is  distributed. 

This  form  of  chronic  gastritis  is  sometimes  called  cirrhosis  ventriculi. 

In  both  conditions  it  is  common  to  observe  small  interstitial  hemorrhages, 
small  round-cell  infiltrations,  and  a  grayish  or  slate-colored  discoloration 
caused  by  clusters  of  pigment-granules  in  the  mucosa.  Ziegler  also  speaks 
of  the  presence  of  peculiar  hyaline  granules  in  the  tissue. 

The  epithelial  cells  of  the  atrophic  mucosa  are  lost,  in  part  by  desquama- 
tion, and  in  part  by  degeneration.     Goblet  cells  are  very  numerous. 

The  changes  of  chronic  gastritis,  and,  indeed,  of  nearly  all  forms  of 
gastric  disease,  are  most  marked  in  the  neighborhood  of  the  pylorus,  where 
marked  contraction  of  the  connective  tissue  may  lead  to  stenosis. 

Chronic  interstitial  gastritis  is  most  frequently  seen  in  drunkards,  and  is 
known  to  German  pathologists  as  "  Saufermagen." 

Local  anemia  and  tissue  necrosis  follow  contraction  of  the  hyperplastic 
connective  tissue,  and  are  not  an  infrequent  cause  of  peptic  ulcerations. 
They  are  not  usually  serious,  but  result  in  cicatrices  which  further  increase 
the  deformity  of  the  organ. 

An  occasional  proliferation  of  the  parietal  cells  of  the  gastric  glands, 
together  with  hyperacidity  of  the  gastric  juice  and  loss  of  the  surface  epithe- 
lium, has  led  Hayem  to  suggest  that  two  different  types  of  chronic  gastritis 
may  be  separated  by  the  histologic  changes  in  the  gastric  glands.  The  con- 
dition in  which  the  parietal  cells  proliferate,  the  surface  epithelium  becomes 
desquamated  or  destroyed,  and  the  secretions  are  excessively  acid,  he  de- 
scribes as  gastritis  parenchymatosa  hyperpeptica,  while  for  a  form  character- 
ized by  loss  of  the  parietal  cells,  proliferation  of  the  chief  cells,  and  dimi- 
nution of  the  acid  in  the  secretion,  he  suggests  the  name  gastritis  paren- 
chymatosa mucosa.  Birch-Hirschfeld  points  out,  however,  that  the  anatomic 
pictures  are  not  similar,  and  may  result  from  inanition  and  causes  other  than 
gastritis,  and  by  no  means  always  correspond  with  Hayem's  clinical  pictures. 


THE  CELLULAR  DEGENERATION  OF  THE  STOMACH. 

Amyloid  disease  occurs  in  the  muscularis,  and  to  a  less  marked  degree 
in  the  mucosa.  The  mucous  membrane  appears  thickened,  dull,  and  trans- 
lucent to  the  naked  eye.  As  usual,  the  disease  first  makes  its  appearance  in 
the  walls  of  the  vessels.  Some  have  thought  that  the  epithelial  cells  of  the 
gastric  glands  underwent  amyloid  infiltration,  because  in  their  places  grains 
of  the  amyloid  substance  are  often  found.  It  is,  however,  more  probable 
that  the  change  occurs  only  in  the  connective  tissue  and  that  its  altered 
cells,  pressing  upon  the  epithelium,  cause  its  atrophy  and  disappearance. 

Fatty  metamorphosis  of  the  cells  of  the  gastric  glands  is  a  part  of  the 
morbid  anatomy  of  some  of  the  severe  infections  and  intoxications.  When 
this  condition  is  present,  the  mucous  membrane  has  a  peculiar  yellowish- 
white  color  and  is  duller  than  usual.     When  a  microscopic  examination  is 
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made,  one  finds  the  fat  not  only  in  the  cells,  but  also  in  the  interstices  of 
the  connective  tissue. 

Pigmentation  of  the  wall  of  the  stomach  succeeds  interstitial  hemorrhage, 
and  also  occurs  in  chronic  gastritis. 

Calcification  of  the  stomach  is  extremely  rare  and  interesting.  It  has 
been  observed  in  cases  in  which  there  has  been  a  rapid  absorption  of  lime- 
salts  from  the  bone  after  poisoning  by  mercuric  chlorid.  Whitish,  gritty 
flakes  or  patches  are  observed  upon  the  inner  surface  of  the  stomach,  and 
upon  microscopic  examination  granules  of  calcium  carbonate  are  found  in 
its  interstitial  tissue. 

Hypertrophy  of  the  stomach  is  probably  a  common  result  of  its  habitual 
distention.     The  capacity  is  increased,  and  the  walls  are  thickened. 

Atropliy  of  the  stomach  is  seen  in  sclerotic  gastritis  following  marasmus 
and  pernicious  anemia,  lead-poisoning,  and  senility.  The  most  important 
fact  in  connection  with  it  is  that  it  is  usually  accompanied  by  loss  of  glands 
and  consequent  diminution  of  the  digestive  ability.  The  atrophy  accom- 
panying pernicious  anemia  may  be  the  cause,  rather  than  the  result,  of  the 
anemia.  The  stomach  is  small  and  pale  in  color,  its  walls  are  thin,  and  the 
mucosa  is  smooth  and  shiny. 


TUMORS  OF  THE  STOMACH. 

The  connective- tissue  tumors  of  the  stomach  are  rare  and  comparatively 
unimportant.  Among  those  described  are  myoma,  lipoma,  fibroma.  Sar- 
coma is  more  rare  and  seems  to  grow  from  the  lymphoid  deposits  in  the  wall 
of  the  stomach.  It  usually  assumes  a  nodular  form.  Sometimes  it  occurs 
as  myosarcoma,  and  in  one  such  case  Korinski  discovered  unstriped  muscle- 
cells  in  the  secondary  sarcomatous  deposits  in  the  liver. 

Lymphangioma  is  occasionally  seen  beneath  the  peritoneum  upon  the 
stomach. 

Papilloma  and  polypi  usually  result  from  chronic  gastritis  and  are  not 
tumors  in  the  true  sense  of  the  word. 

Adenoma  of  the  gastric  glands  have  been  observed.  In  rare  cases  acces- 
sory pancreati  or  displaced  pancreatic  fragments  are  situated  beneath  the 
mucosa  ventriculi.  Considerable  attention  has  been  paid  to  these  pancreatic 
tumors  of  the  stomach  by  Klob.     They  closely  resemble  adenomata. 

Cancer  of  the  stomach  is  a  common  and  important  disease. 

Etiology. — It  usually  occurs  in  advanced  life,  being  most  frequent  between 
the  fortieth  and  seventieth  years.  It  is  occasionally  seen  earlier,  and  a  few 
most  extraordinary  exceptions  have  been  noted ;  thus,  Wilkinson  reported  a 
case  of  congenital  cancer  of  the  stomach,  and  Cullingworth  one  in  a  five- 
weeks-old  infant.  It  is  more  common  in  men  than  in  women,  in  the  rela- 
tion of  about  58  to  42  per  cent.  (Brinton).  Occupation  seems  to  have  little 
to  do  with  its  occurrence.  Countries  differ  very  widely  in  the  frequency 
with  which  it  is  observed.  In  Switzerland  it  is  very  common,  about  1.85 
per  cent,  of  all  deaths  depending  upon  it.  On  the  other  hand,  Egypt, 
Turkey,  and  some  other  countries  seem  to  be  almost  entirely  free  from  it. 

The  exciting  cause  is  unknown.  The  disease  is  markedly  hereditary.  It 
sometimes  seems  to  follow  chronic  gastritis,  and  is  thought  occasionally  to 
have  its  starting-point  in  peptic  ulceration. 

The  disease  is  almost  always  primary,  and  develops  from  the  epithelium  at 
one  or  the  other  orifice  of  the  stomach,  much  more  frequently  at  the  pylorus 
than  at  the  esophagus.  Occasionally  the  walls  intermediate  between  the 
extremities  are  affected,  the  disease  in  such  cases  being  situated,  as  a  rule, 
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on  the  posterior  wall  of  the  lesser  curvature.     Hahn,  in  his  statistics  of  the 
Friedrichshain  Krankenhaus  in  Berlin,  found  the  following : 

Pylorus   ......  .60  cases. 

Cardia     ....  .  .  40      " 

Lesser  curvature  .  .  27      " 

Entire  stomach .        .    .  21      " 

Greater  curvature ...  .    .  ...  8      " 

Anterior  wall  7      " 

Posterior  wall     ...  .    .       .    .  .       .    .  .    .    7      " 

170  cases. 

Thirteen  hundred  cases  studied  by  Welch  show  the  following  distribu- 
tion : 

Pylorus ...  .  .  .791  cases. 

Cardia   ....               .  .    .                                      .  104      " 

Lesser  curvatiire  .               .               .               .  148      " 

Entire  stomach    ...  .    .                ....                    61      " 

Greater  curvature   ...  .    .    34     " 

Anterior  wall    .    .                .  .                    .            .    .                .    30      " 

Posterior  wall  .           .  ...                              68      " 

Fundus .                                         19      " 

Multiple     ....  .        .                .                ...    45      " 

1300  cases. 

The  pyloric  cancer  grows  from  the  glands  of  the  pylorus.  Indeed,  the 
glands,  both  peptic  and  pyloric,  are  the  original  seat  of  disease  except  in 
squamous  epithelioma  at  the  esophageal  opening:  Both  chief  and  parietal 
cells  take  part  in  the  process,  the  parietal  cells  sometimes  outnumbering  the 
others. 

The  appearance  of  the  gastric  cancer  differs  very  much  in  different  cases. 
Sometimes  it  occurs  as  a  dense,  scirrhous  induration  encircling  the  pylorus 
and  causing  stenosis  ;  sometimes  as  a  universal  infiltration  of  the  walls  of  the 
stomach,  with  much  thickening,  induration,  and  ulceration.  At  other  times 
it  forms  a  larger  or  smaller,  fungoid  mass,  soft  and  spongy,  or  entirely 
changed  into  colloid  jelly.  The  tumors  are  usually  single,  but  are  occasion- 
ally multiple. 

1.  Scirrhus. — The  scirrhous  cancer  of  the  stomach  is  usually  situated  at 
the  pylorus.  It  takes  the  form  of  a  thickening  of  the  walls  with  a  degree 
of  induration  very  noticeable  to  the  fingers,  and  still  more  marked  when  an 
attempt  is  made  to  open  the  stomach,  the  tissue  creaking  under  the  knife. 
The  interior  is  either  smooth,  with  occasional  inconspicuous  irregularities, 
or  unusually  rugous  and  marked  by  alternating  elevated  and  depressed  areas, 
many  of  the  latter  being  ulcerated.  The  tissue  is  usually  pale  and  dry. 
The  pylorus  is  markedly  stenosed. 

When  the  tissue  of  the  diseased  area  is  examined  microscopically,  very 
little  epithelial  tissue  is  discovered,  the  mass  being  made  up  essentially  of 
cicatricial  tissue.  The  stomach  may  be  greatly  increased  in  size  if  there  is 
marked  stenosis  of  the  pylorus. 

2.  Medullary  cancer  is  also  most  frequent  at  the  pylorus,  but  may  occur 
upon  the  gastric  walls.  The  tumor  forms  a  fungous  mass  which  may  be  as 
large  as  an  egg  or  even  as  large  as  an  orange.  It  is  spongy,  soft,  juicy,  vas- 
cular, and  usually  has  a  smooth  surface  divided  into  more  or  less  rounded 
nodes.  The  tumor  is  prone  to  undergo  softening  as  it  outgrows  its  nutrition, 
and  when  the  center  degenerates- and  is  lost,  an  excavated  mass  with  a  crater- 
like central  ulceration  is  observed. 

Microscopically,  this  tumor  exhibits  a  relatively  great  amount  of  cellular 
tissue,  with  comparatively  little  fibroconnective-tissue  stroma.  The  arrange- 
ment of  cells  in  the  spaces  of  the  stroma  is  more  or  less  typical  in  different 
cases,  but  is  never  so  perfect  as  in  adenoma.     The  cells  usually  retain  their 
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cylindric  shape  but  a  short  time,  and  in  the  rapidly  growing  part  of  the 
tumor  become  spheroid. 

3.  Adenocarcinoma.— This  form  is  characterized  histologically  by  a  marked 
tendency  for  the  epithelial  cells  to  retain  their  cylindric  form  and  regular 
arrangement,  so  that  the  sections  show  proliferation  of  the  glandular  ele- 
ments. As  the  cells  become  remote  from  the  primitive  focus  of  develop- 
ment, this  arrangement  becomes  less  marked,  but  it  is  a  striking  character- 
istic of  the  tumor. 

Macroscopically,  the  tumor  has  no  distinctive  features.  It  has  been 
called  "destructive  adenoma,''  and  is  frequently  called  "cylindric  epithe- 
lioma. ' '  Its  metastases  are  fewer  and  its  course  is  possibly  slower  than  the 
other  forms. 

4.  Colloid  Cancer. — This  is  usually  a  cylindric-eelled  cancer,  which  is 
strongly  characterized  by  the  transformation  of  its  cells  into  colloid  substance. 
The  surface  of  the  tumor  may  show  attached  masses  of  the  glue-like  sub- 
stance, but  the  colloid  material  is  usually  dissolved  away  from  the  surface  by 
the  digestive  juices,  and  is  found  in  larger  or  smaller  cysts  in  the  interior 
of  the  tumor-mass.  The  appearance  is  typical,  and  the  escape  of  the  gelati- 
nous yellowish  material  when  the  tumor  is  incised  makes  its  nature  unmis- 
takable. 

5.  Squamous  Epithelioma. — This  form  of  gastric  cancer  is  rare  and  occurs 
exclusively  at  the  cardiac  end.  It  has  its  origin  from  the  squamous  epithe- 
lium of  the  esophagus,  and  may  invade  the  esophagus  or  entire  cardiac  end 
of  the  stomach.  Large  peptic  ulcerations  are  very  frequent.  There  are  no 
pyloric  obstruction  and  no  consequent  dilatation  of  the  stomach. 

The  gastric  cancers  grow  by  distributing  their  irregular  clusters  of  cells 
throughout  the  muscularis  mucosse  and  submucosa.  The  muscularis  is  invaded 
in  most  cases,  and  it  not  infrequently  happens  that  the  serosa  is  also  invaded 
and  presents  flat,  tabular,  cancerous  masses.  Adhesions  form  between  the 
stomach  and  the  neighboring  structures, — omentum,  colon,  etc., — and  a 
direct  extension  of  the  growth  may  take  place  by  continuity  of  tissue. 
Upon  the  serous  surface  of  the  stomach  one  is  apt  to  find  lymphatic  ves- 
sels containing  distending  plugs  of  cancer-cells.  The  lymphatic  glands  of 
the  lesser  curvature  and  many  neighboring  lymphatic  glands  become  en- 
larged and  are  soon  involved  in  the  disease  process.  More  remote  glands 
enlarge  and  sometimes  become  invaded.  The  glands  of  the  thoracic,  in- 
guinal, and  supraclavicular  regions  are  most  frequently  affected. 

The  liver  is  the  seat  of  secondary  growths  in  about  75  per  cent,  of  the 
cases.  Multiple  secondary  nodes  in  the  liver  are  most  frequent  in  ulcerating 
pyloric  cancers.  The  secondary  tumors  usually  correspond  in  type  with  the 
parent  tumor. 

The  scirrhous  are  more  slowly  metastatic  than  the  medullary  and  colloid 
forms,  but  may  cause  extensive  changes  through  pyloric  stenosis.  This  leads 
to  immense  dilatation  of  the  stomach,  which  may  be  dislocated  and  descend  so 
low  that  its  inferior  border  is  in  the  neighborhood  of  the  pubes  {gastroptosis). 
The  fermentative  and  putrefactive  changes  that  take  place  in  such  organs  are 
aided  by  the  absence  of  the  hydrochloric  acid  from  the  gastric  juice  {achlor- 
hydria^  which  makes  the  secretion  less  antiseptic  than  normal,  so  that  bacteria 
are  able  to  grow  with  facility  in  the  ingested  and  only  partially  digested  food. 

The  muscular  tissue  is  much  thinned  by  the  distention,  and  the  muscular 
power  so  diminished  that  vomiting,  though  frequent,  is  less  effectual,  and  the 
contents  of  the  stomach  are  in  part  retained.  The  absence  of  hydrochloric 
acid  from  the  gastric  juice  prevents  the  usual  erosion  of  diseased  mucous 
membrane,  though  when  much  lactic  acid  is  produced  through  fermentation, 
it  may  occur. 
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When  scirrhous  carcinoma  occurs  in  the  body  of  the  stomach,  the  contrac- 
tion may  bring  about  a  deformity  known  as  hour-glass  stomach. 

The  soft  cancers,  and  especially  the  colloid  cancer  of  the  stomach,  not 
infrequently  rapidly  invade  the  peritoneum,  and  form  larger  or  smaller 
masses  which  may  center  in  the  omentum,  which  rolls  up  into  a  bundle  and 
forms  a  solid  mass  of  elongate  form  lying  transversely  in  the  abdominal 
cavity.  In  colloid  cancer  it  may  be  covered  with  jelly  or  riddled  with  small 
colloid  cysts,  or  it  may  contain  large  cysts.  The  spaces  between  the  omental 
mass  and  the  colon,  the  stomach,  the  liver,  and  other  organs  may  be  more 
or  less  filled  with  jelly.  The  colloid  jelly  in  these  cases  is  beautiful  in 
appearance,  being  clear,  amber-colored,  and  sufficiently  firm  to  vibrate  like 
calves' -foot  jelly. 

In  cancer  of  the  cardiac  end  of  the  stomach  the  conditions  usually  seen 
in  gastric  cancer  are  reversed  and  the  organ  is  smaller  than  usual,  possibly 
because  the  food  is  hurried  from  the  irritated  stomach  into  the  intestine 
through  the  unaltered  pylorus.  In  cases  of  universal  scirrhus  of  the  gastric 
wall  the  contraction  may  cause  the  organ  to  become  much  smaller  than 
normal. 

In  the  softening,  ulceration,  and  erosion  of  the  tissues  in  carcinoma  ven- 
triculi  two  accidents  of  considerable  clinical  importance  are  possible.  The 
first  is  hemorrhage  from  ulcerated  vessels,  the  second,  perforation  with  peri- 
tonitis. 

Tuberculosis  of  the  stomach  is  rare.  The  probable  explanation  is 
to  be  found  in  the  acidity  of  the  gastric  juice.  The  disease  occurs  at  the 
pylorus.  Sometimes  it  forms  an  ulcerated  and  indurated  ring.  The  ulcers 
present  the  usual  irregular  appearance  and  indurated  borders.  The  infection 
may  take  place  through  the  direct  implantation  of  ingested  bacilli_in  a  dis- 
eased organ  with  alkaline  contents,  or  may  result  from  bacilli  deposited  as 
emboli  in  the  capillaries  of  the  gastric  wall,  or  through  extension  from  the 
peritoneum. 

Syphilis  of  the  stomach  is  also  a  rare  affection.  The  only  certainly 
recognizable  syphilitic  lesion  is  the  gumma.  It  is  followed  by  rupture, 
ulceration,  and  the  formation  of  large  stellate  cicatrices.  Syphilitic  disease 
of  the  gastric  vessels — endarteritis,  etc. — may  be  the  cause  of  peptic  ulcers. 
Hemorrhagic  erosions,  hemorrhagic  infiltrations,  ulcerations,  and  gummata 
occur. 

Gastroptosis. — Gastroptosis  is  dislocation  of  the  stomach,  and  nearly 
always  succeeds  pyloric  obstruction  and  dilatation.  The  organ  is  dragged 
downward  to  an  abnormal  position  by  its  size  and  the  weight  of  its  contents, 
so  that  instead  of  occupying  the  epigastrium,  it  is  found  in  the  umbilical 
region.  The'shape  is  also  changed,  its  inferior  border  having  a  much  more 
marked  curve  than  usual,  and  descending  toward  the  pubic  region.  Gastrop- 
tosis is  not  infrequently  associated  with  dislocation  of  the  colon  (gastro- 
enteroptosis)  and  sometimes  of  the  liver  and  spleen. 

DISEASES  OF  THE  INTESTINES. 

CONGENITAL  ANOMALIES  OF  THE  INTESTINES. 

Total  absence  of  the  intestine  is  an  extremely  rare  condition  seen  only  in  the  acardiac  or 
extremely  rudimentary  monsters. 

Incomplete  development  of  the  intestine  presents  several  interesting  conditions : 

1.  Atresia  or  closure  of  the  bowel  is  most  frequent  at  the  rectum,  where  the  gut  may  end 
so  high  up  that  there  is  no  true  rectum,  or  may  terminate  in  a  blind  pouch,  there  being  no 
anus.     The  latter  cases  are  usually  called  imperforate  anus. 

2.  Cloaca  formation ,  in  which  the  bowel  joins  the  uterus,  the  vagina,  or  the  urethra,  forming 
a  common  outlet  for  the  digestive,  urinary,  and  reproductive  systems,  is  also  a  rare  abnormality. 


460 


DISEASES  OF  THE  DIGESTIVE  SYSTEM. 


3.  Diverticula  are  not  inftequent.  The  most  common  is  MeckeVs  diverticulum,  which 
arises  from  the  ileum  about  a  meter  above  the  ileocecal  valve.  It  has  a  varying  length,  and 
not  infrequently  terminates  in  a  bulbous  expansion.  Sometimes,  instead  of  an  enlargement, 
the  diverticulum  terminates  in  a  fibrous  cord  which  extends  to  the  umbilicus.  It  is  possible 
for  this  branch  of  the  intestine  to  continue  open  to  the  umbilicus,  so  that  fecal  matter  escapes 
from  that  opening.  Indeed,  the  intestine  itself  has  been  known  to  terminate  in  such  a  com- 
munication with  the  umbilicus,  there  being  no  connection  between  it  and  the  colon. 

Meclcel's  diverticulum  is  a  persistent  remnant  of  the  embryonal  structure  known  as  the 
vitelline  or  omphalomesenteric  duct.  It  formed  the  original  communication  between  the  intes- 
tine and  the  yolk-sac  of  the  embryo. 

4.  Cysts. — Excluded  portions  of  the  intestinal  tissues  go  on  to  an  atypical  development 
and  may  form  enterocysts.  In  certain  monsters  cysts  may  be  formed  by  the  dilatation  of  im- 
perforate portions  of  the  intestine. 

Transposition  of  the  intestine  is  occasionally  seen,  the  colon  ascending  on  the  left  side 
and  descending  on  the  right. 

Abnormal  course  of  the  large  intestine  seems  to  be  a  common  anomaly.  The  cecum 
is  sometimes  unusually  long,  sometimes  unusually  short ;  the  vermiform  appendix  varies  in 
position  accordingly.  Instead  of  ascending  to  the  liver  and  forming  the  hepatic  flexure,  the 
large  intestine  sometimes  diagonally  crosses  the  abdomen  from  the  right  iliac  fossa  to  the 
splenic  region,  then  makes  an  acute  angle,  and  descends.  The  most  frequent  of  the  abnor- 
malities is  a  V-shaped  curve  of  the  transverse  colon,  the  apex  of  which  sometimes  descends 
to  the  pubes.  The  sigmoid  is  very  variable,  and  the  sigmoid  flexure  may  be  absent,  especially 
when  the  cecum  is  large. 

Hernia  is  an  abnormal  relation  of  the  intestine,  resulting  from  its  entrance  into  or  passage 
through  an  abnormal  opening  in  the  abdominal  wall,  through  an  opening  in  the  mesentery,  or 
through  the  foramen  of  Winslow. 

DISPLACEMENT  OF  THE  INTESTINE  (HERNIA). 

By  hernia  is  meant  the  entrance  of  the  intestines  into  any  abnormal  or  unusual  opening. 
It  is  common  to  speak  of  external  and  internal  hernias,  the  former  referring  to  protrusions  of 
the  intestines  from  the  umbilicus,  inguinal  and  femoral  canals,  obturator  foramen,  etc.,  the 
latter,  rarer  conditions  in  which  the  organ  enters  or  passes  through  openings  in  the  omentum, 
mesentery,  diaphragm,  etc.,  or  through  the  foramen  of  Winslow. 

The  cause  of  hernia  is  not  clear.  It  has  been  thought  by  some  to  depend  upon  abnormal 
length  of  the  mesentery,  which  gives  the  intestine  an  abnormal  freedom  of  motion  ;  by  others 
that  an  abnormal  distribution  of  fat  in  the  tissues  of  the  inguinal  and  femoral  regions  dimin- 
ishes their  resisting  power. 

It  is  certain  that  many  cases  depend  almost  entirely  upon  abnormal  conditions,  such  as 
arise,  for  example,  from  failure  of  the  inguinal  canal  to  close  after  the  descent  of  the  testicle. 
Hernias  are  classified  according  to  their — (i)  Position;  (2)  contents;  (3)  condition;  (4) 
origin. 

According  to  their  position,  the  hernias  are  divided  into — 
External — Inguinal. 
Femoral. 
Umbilical. 
Obturator. 
Ischiatic- 
Labial. 
Perineal. 
Internal — Winslowian. 
Mesenteric. 
Omental. 

Inguinal  Hernia. — Inguinal  hernia  is  the  descent  of  some  of  the  abdominal  viscera  into  the 
inguinal  canal.  If  the  hernia  passes  through  the  internal  ring  and  enters  the  canal,  but 
does  not  escape  from  the  external  ring,  it  forms  an  incomplete  inguinal  hernia.  If  it  continues 
and  projects  through  the  external  ring,  it  forms  a  complete  inguinal  hernia.  If  it  continues 
and  descends  into  tlie  scrotum,  it  is  further  described  as  a  scrotal  or  inguinoscrotal  hernia. 
If  the  protrusion  occurs  from  the  external  abdominal  ringwithouthaving traversed  theinguinal 
canal,  the  hernia  is  called  a  direct  inguinal  hernia.  If  the  viscera  descends  through  the  canal, 
the  condition  is  described  as  an  indirect  inguinal  hernia  or  an  oblique  inguinal  hernia.  In 
women,  in  whom  inguitoal  hernia  is  more  rare  than  in  men,  the  protruding  viscus  descends 
into  the  labium  majorum,  forming  an  inguinolabial  hernia. 

According  to  the  relation  of  the  protruding  viscus  to  the  deep  epigastric  artery,  inguinal 
hernia  is  further  classified  into  the  external  inguijial  hernia  if  external  to  the  artery,  and  in- 
fernal inguinal  hernia  if  internal  to  it. 

When  the  vaginal  process  of  peritoneum  remains  open,  so  that  the  peritoneal  cavity  and 
cavity  of  the  tunica  vaginalis  testis  remain  one,  the  intestine  is  at  liberty  at  any  time  to  descend 
into  the  scrotum  in  relation  with  the  testicle.  This  imperfect  development  permits  the  occur- 
rence of  what  is  described  as  ^  coiugenital  inguinal  hernia.  If,  however,  the  funicular  portion 
of  the  vaginal  process  alone  remains  patulous  and  the  intestine  descends  into  the  scrotum,  it 
cannot  be  in  immediate  relation  with  the  testicle,  because  the  cavity  of  the  tunica  vaginalis 
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testis  is  separated  from  the  peritoneal  sac  in  which  the  gut  is  contained.  The  descending  in- 
testine is,  therefore,  obliged  to  push  aside  the  tunica  vaginalis  as  it  descends.  Such  a  condi- 
tion is  known  as  an  infantile  inguinal  hernia. 

If  the  funicular  portion  of  the  tunica  vaginalis  testis  remains  open  for  a  considerable  height, 
so  that  the  cavity  of  the  tunica  vaginalis  testis  is  much  larger  or  longer  than  normal,  a  hernia 
descending  into  the  scrotum  through  the  open  vaginal  process  invaginates  the  funicular  proc- 
ess and  forms  a  double  covering  of  serous  membrane.  A  hernia  'of  this  peculiar  formation 
was  described  by  Cooper  as  an  "  encysted  hernia  of  the  tunica  vaginalis  testis"  and  by  Hey,  of 
Leeds,  as  "  infantile  hernia." 

Femoral  hernia  is  more  common  in  women  than  in  men.  It  is  formed  by  the  escape  of  the 
viscera  from  the  femoral  canal  on  the  upper  inner  aspect  of  the  thigh.  It  projects  just  below 
Poupart's  ligament  in  the  line  of  the  femoral  vessels. 

Umbilical  hernia  occurs  in  children  and  in  adults  with  relaxed  abdominal  walls.  The 
viscera  escape  from  the  umbilicus. 

Obturator  hernia,  hernia  of  the  foramen  ovale,  or  Infrapuhlc  hernia,  is  caused  by  the 
escape  of  the  viscera  through  the  obturator  foratnen  of  the  hip-bone.  The  course  of  the  intes- 
tine is  outward  along  the  obturator  artery  and  nerve.     This  form  of  hernia  is  rare. 

Ischlatlc  hernia  or  sciatic  hernia  consists  of  an  escape  of  the  intestine  through  the  great 
sacrosciatic  foramen.     It  is  of  infrequent  occurrence. 

Perineal  hernia  or  ischiorectal  hernia  is  a  rare  form  in  which  the  intestine  escapes 
through  a  separation  of  the  fibers  of  the  levator  ani  muscle,  in  front  of  or  beside  the  anus. 

Labial  hernia  or  pudendal  hernia  is  also  infrequent  in  occurrence,  and  consists  of  a  de- 
scent of  the  intestine  between  the  vagina  and  the  ramus  of  the  ischium  into  the  labium  majus. 

Vaginal  hernia,  very  rare,  is  formed  by  the  descent  of  the  intestine  between  the  uterus 
and  rectum.     The  projection  occurs  upon  the  posterior  vaginal  wall. 

Lumbar  hernia  consists  of  a  protrusion  of  the  intestine  through  Petit's  triangle,  the  space 
bounded  by  the  crest  of  the  ilium,  the  external  obUque,  and  latissimus  dorsi  muscles. 

Abdominal  hernia  is  an  indefinite  term  used  to  describe  the  escape  of  the  intestine  through 
the  muscular  walls  in  consequence  of  operation  wounds,  injuries,  or  disease  of  their  tissues. 

The  internal  hernias  are  of  much  interest.  The  most  frequent  form  is  probably  that  in 
which  the  intestine  passes  through  an  opening  in  the  mesentery — mesenteric  hernia.  The 
mesenteric  openings  are  probably  congenital  defects  in  most  cases,  though  they  may  result 
from  disease.     More  rarely  the  hernia  occurs  through  openings  in  the  omentum. 

Hernia  of  the  foraTnen  of  Winslow,  by  which  the  intestines  passing  through  the  foramen  of 
Winslow  transfer  their  position  from  the  greater  to  the  lesser  peritoneal  cavity,  is  also  occa- 
sionally seen. 

In  diaphragmatic  or  phrenic  hernia  the  viscera  pass  from  the  abdominal  into  the  thoracic 
cavity  as  a  result  of  congenital  defect  or  disease  of  the  diaphragm.  It  may  also  occur  in  con- 
sequence of  enlargement  of  the  natural  openings  and  defects  in  the  central  tendons  of  the 
diaphragm.  The  spleen  sometimes  enters  the  thorax  in  these  cases,  likewise  the  stomach,  and 
even  the  liver.  The  organs  may  be  covered  with  sacs  derived  from  the  peritoneum  or  pleura 
or  may  lie  free  in  the  thoracic  cavity.  ^ 

Acquired  diaphragmatic  hernias  are  the  result  of  perforating  wounds.  They  usually 
occur  on  the  left  side,  as  the  liver  protects  the  right  side  and  prevents  the  escape  of  the 
intestines. 

Retroperitoneal  hernia  is  formed  by  the  entrance  of  the  intestines  into  the  fossa  duodeno- 
jejunalis,  the  fossa  intersigmoidea,  and  the  fossa  subcsecalis. 

Properitoneal  hernia  consists  of  the  entrance  of  the  intestine  into  the  space  between  the 
peritoneum  and  the  anterior  abdominal  wall.  It  is  also  sometimes  called  parainguinal 
hernia. 

According  to  their  contents,  hernias  receive  various  names.  An  enterocele  contains  some 
portion  of  the  intestine  ;  an  epiplocele,  or  omental  hernia,  a  part  of  the  omentum  ;  a  cystocele, 
or  cystic  or  vesical  hernia,  a  part  of  the  bladder;  a  cecal  hernia,  or  cecocele,  contains  a  part 
of  the  cecum  ;  a  hysferocele  contains  the  uterus  ;  a  rectocele,  part  of  the  rectum. 

According  to  the  freedom  with  which  the  viscera  enter  and  exit,  hernias  are  divided  into  ; 

1.  Reducible,  in  which  their  contents  can  be  returned  to  their  normal  relations. 

2.  Irreducible,  when  the  contents  cannot  be  returned  to  their  normal  relations.  Surgeons 
make  two  classes  of  irreducible  hernias;  (i)  The  temporarily  irreducible  hernia,  in  which  the 
return  of  the  contents  is  interfered  with  by  collections  of  gas,  feces,  etc. ;  (2)  permanently 
irreducible,  in  which  inflammatory  adhesions  or  other  permanent  conditions  make  it  impos- 
sible for  the  intestine  to  be  returned. 

3.  Incarcerated  hernia  is  a  form  of  irreducible  hernia  in  which  collections  of  fecal  matter 
or  foreign  matter  unable  to  escape  from  the  contained  intestine  not  infrequently  cause  obstruc- 
tion of  the  bowels. 

4.  Inflamed  Hernias. — Hernias  may  become  inflamed  from  external  injury,  as  from  ill- 
fitting  apparatus  worn  to  support  the  tissues,  or  from  various  causes  associated  with  the  intes- 
tinal contents.  Inflammation  is  always  a  serious  matter,  as  it  is  likely  to  result  in  the  forma- 
tion of  adhesions  between  the  gut  and  its  sac  which  transform  a  reducible  into  an  irreducible 
hernia.     Suppuration  occurs  in  rare  cases,  which  are  spoken  of  as  "  suppurating  hernia." 

5.  Strangulated  Hernias. — Strangulation  is  the  most  serious  accident  that  can  happen  to 
a  hernia.  It  depends  upon  the  constriction  and  obstruction  of  the  blood-supply  and  conse- 
quent devitalization  of  the  tissue,  resulting  from  pressure  at  some  part  of  the  hernial  sac. 
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Strangulation  seems  to  be  purely  mechanical,  and  results  from  the  pressure  exerted  upon 
the  intestine  by  the  tissues  through  which  it  passes,  or-  by  the  neck  of  its  sac,  or  by  fibrous 
bands  formed  in  consequence  of  inflammation,  or  by  combinations  of  these.  As,  however, 
every  hernia  escapes  through  some  opening  with  fairly  resisting  walls,  and  as  every  hernia  is 
surrounded  by  its  sac,  and  as  many  hernias  are  bound  by  cicatricial  bands,  the  interesting 
question  arises,  why  some,  but  not  all,  hernias  strangulate,  and  why  a  hernia  which  has  already 
existed  for  years  without  strangulation  will  occasionally  unexpectedly  strangulate,  with  fatal 
result.  The  probability  is  that  strangulation  depends  upon  changes  in  the  reladon  of  the  hernia 
to  its  surrounding  tissues,  which  are  then  compelled  to  exert  detrimental  pressure  upon  it. 
These  changes  are  probably  simple — in  many  cases  are  probably  no  more  than  the  collection 
of  an  unusual  quantity  of  gas  or  fecal  matter  in  the  invaginated  portion  of  intestine. 

The  strangulated  intestine  soon  falls  into  a  condition  of  passive  hyperemia,  becomes  ede- 
matous, discolored,  and  swollen ;  these  conditions  all  further  increase  the  prevailing  prejudicial 
conditions,  and  lead  to  changes  in  the  organ,  which  may  finally  become  gangrenous.  Its 
functions  are  early  suspended,  and  obstruction  of  the  bowels  is  one  of  the  earliest  symptoms. 

The  time  required  for  the  destructive  changes  is  variable — slow  in  some  cases,  rapid  in 
others.     Sometimes  a  few  hours  will  suffice  to  bring  about  gangrene. 

The  appearance  of  the  strangulated  intestine  will  vary  with  the  stage  reached.  In  the 
stage  of  congestion  the  organ  appears  swollen  and  red,  but  soon  becomes  dark  and  purplish 
in  color,  with  numerous  hemorrhagic  infiltrations  beneath  the  serous  coat.  Later,  the 
whole  invaginated  portion  becomes  deep  purple  or  dark  reddish-brown  in  color,  the  surface  is 
usually  ecchymotic,  and  the  consistence  leathery.  When  gangrene  makes  its  appearance,  it 
becomes  easily  lacerable,  darkly  discolored,  and  fetid.  Inflammatory  exudation  with  fibrin- 
ous deposit  usually  occurs,  and  seals  the  neck  of  the  sac  to  the  constricted  portion  of  the  organ. 

The  usual  outcome  of  strangulation  is  death,  but  in  rare  cases  the  gangrenous  portion 
of  the  intestine  sloughs  off  and  escapes  through  an  external  wound.  Inflammatory  adhesions 
protect  the  abdominal  cavity  from  infection,  and  the  patient  recovers  with  a  fecal  fistula  at  the 
seat  of  the  disease. 

The  formation  of  a  hernia,  whether  through  one  of  the  natural  openings  or  through  an 
imperfectly  closed  wound,  etc.,  is  always  preceded  by  the  protrusion  of  a  bag-shaped  pouch 
of  peritoneum  which  surrounds  the  hernia  and  forms  its  sac.  The  sac  is  usually  narrow  at  its 
origin,  especially  when  large,  where  a  distinct  neck  is  formed,  and  capacious  at  its  distal  por- 
tion. The  size  varies  with  the  hernia,  sometimes  being  insufficient  to  admit  a  loop  of  intes- 
tine, only  allowing  a  portion  of  its  wall  to  enter — Littre  s  hernia,  sometimes  large  enough  to 
contain  nearly  all  the  intestines  and  some  of  the  other  viscera.  Except  when  previously  in- 
flamed or  incarcerated,  the  hernia  is  freely  movable  within  the  sac,  which,  like  the  peritoneal 
cavity  itself,  contains  a  little  fluid,  so  that  it  is  perfectly  lubricated.  Rarely  this  fluid  increases 
to  form  a  large  cystic  dilatation — dropsy  or  hydrocele  of  the  hernial  sac.  In  the  inguinal  and 
femoral  regions  especially,  but  also  elsewhere,  there  is  an  infundibular  fossa  above  the  entrance 
to  the  hernial  sac.  In  this  the  intestines  habitually  lie,  and  their  descent  from  it  into  the  sac  is 
made  easy. 

As  acquired  hernias  become  older,  the  opening  through  which  they  pass  becomes  larger, 
the  tissues  being  gradually  separated  and  the  fat  absorbed.  Not  infrequently,  however,  the 
surrounding  tissue  becomes  somewhat  cicatricial,  so  that  a  tendency  to  contract  is  observed 
and  may  aid  in  bringing  about  strangulation. 

Hernia  probably  never  recovers  spontaneously,  the  conditions  under  which  it  exists  tend- 
ing rather  toward  continued  increase  in  size  than  toward  recovery. 

The  continued  pressure  of  a  truss  may,  however,  be  followed  by  inflammatory  changes  in 
the  empty  sac  which  lead  to  obliteration  and  make  it  impossible  for  the  hernia  again  to  escape 
from  the  original  orifice. 

Hernias  are  described  by  anatomists  as  congenital  and  acquired.  This  really  refers  more 
to  the  conditions  favorable  to  their  formation  than  to  their  actual  existence,  for  it  is  quite  cor- 
rect to  speak  of  a  hernia  formed  in  adult  life  through  a  congenitally  existing  passage  from  the 
abdominal  cavity  to  the  tunica  vaginalis  testis  as  a  congenital  hernia. 

Hernias  are  also  said  to  be  of  slow  or  rapid  formation,  according  to  the  length  of  time  dur- 
ing which  they  form. 

OBSTRUCTION  OF  THE  INTESTINES. 

Etiology. — The  intestine  may  be  obstructed  by  the  accumulation  of 
a  normal  contents.  This  is  seen,  in  rare  instances,  among  those  who 
have  carelessly  swallowed  large  numbers  of  cherry-stones,  melon-seeds,  and 
similar,  usually  harmless,  bodies.  In  equally  rare  instances  the  intestine  has 
been  found  completely  obstructed  by  a  number  of  gall-stones  simultaneously 
discharged  from  the  gall-bladder. 

Intestinal  parasites  rarely  cause  obstruction,  but  cases  are  on  record  in 
which  tangled  masses  of  round-worms  have  formed  a  complete  barrier  to 
the  passage  of  the  contents. 
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Such  conditions  are  serious,  but  are  less  frequent  than  obstructions  depend- 
ing upon  changes  in  the  intestine  itself. 

Foreign  bodies  in  tlie  intestine  usually  enter  by  the  mouth.  All  imagin- 
able objects,  from  grape-  and  cherry-stones  to  false  teeth,  roller  bandages, 
and  tacks,  may  be  swallowed  and  cause  obstruction. 

Occasionally  the  foreign  bodies  are  introduced  through  the  rectum.  In 
either  case  the  damage  done  will  depend  upon  the  size  of  the  body  and  its 
ability  to  pass  through  without  impaction. 

Volvulus. — ^Volvulus  is  a  twist  of  the  intestine  by  which  it  becomes 
obstructed.  There  are  two  kinds  of  intestinal  twist :  first  and  most  frequent, 
that  in  which  the  intestine  rotates  upon  its  long  axis  and  produces  a  com- 
bined twist  and  kink,  and,  second,  that  in  which  a  link  of  intestine  is  twisted 
in  much  the  same  manner  as  the  handkerchief  used  as  a  tourniquet. 

The  first  form  is  usually  seen  in  the  ascending  colon,  in  which  the  mesen- 
tery is  absent  or  very  short,  while  the  other  is  chiefly  met  with  at  the  sigmoid 
flexure,  where  the  mesentery  is  long.  Volvulus  is  seen  almost  exclusively  in 
the  large  intestine,  but  I  have  seeii  a  case  of  volvulus  of  Meckel's  diverticu- 
lum that  produced  a  fatal  result.  It  is  most  frequent  in  persons  between 
thirty  and  forty  years  of  age. 

In  the  first  form  of  volvulus  it  is  probably  more  the  kink  than  the  twist 
that  causes  the  obstruction,  and  the  obstruction  may  be  incomplete.  In  the 
second  the  pressure  of  the  one  portion  as  it  twists  about  the  other  com- 
pletely obstructs  it.  The  affected  part  of  the  intestine  becomes  congested, 
inflamed,  and,  if  the  condition  persists,  may  become  gangrenous.  It  is  fre- 
quently fatal. 

The  cause  of  the  volvulus  is  very  obscure.  A  long  mesocolon  predis- 
poses to  it,  and  powerful  peristaltic  movements  may  influence  it.  It  is,  how- 
ever, largely  an  intestinal  accident. 

Intussusception  or  invagination  is  the  entrance  of  one  part  of  the 
intestine  into  another.  It  is  nearly  always  an  upper  portion  that  enters  a 
lower.  The  classic  description  used  to  make  the  condition  clear  to  the 
student's  mind  is  that  of  a  glove-finger  which,  during  removal,  is  shortened 
by  being  drawn  into  itself  without  being  inverted.  The  diseased  portion  of 
the  intestine  usually  forms  a  cylindric  tumor,  which,  when  examined,  proves 
to  have  three  complete  coats.  The  outer  has  been  called  by  Rokitansky  the 
intussuscipiens,  or  sheath ;  the  remainder,  the  iniussusceptum. 

Of  295  intestinal  obstructions  collected  by  Fitz,  93  depended  upon  intus- 
susception. Of  the  93  cases,  52  were  in  males  and  27  in  females.  Of  293 
cases  collected  by  Pilz,  158  occurred  in  the  first  year. 

The  condition  is  most  frequent  in  early  life,  more  than  one-third  of  the 
collected  cases  occurring  during  the  first  year  of  life,  and  more  than  two- 
thirds  during  the  first  decade. 

The  invagination  occurs  at  various  portions  of  the  bowel,  but,  as  is  shown 
by  the  cases  collected  by  Leichtenstern,  has  a  marked  predilection  for 
certain  seats. 

Ileocecal  invaginations 212  (44  per  cent.) 

Ileum  into  ileum    ...  .            142  (30  per  cent.) 

Colon  into  colon                         .  .    .          86  (18  per  cent.) 

Ileum  into  colon             ...  •      39  (8  per  cent.) 

The  most  frequent  seat  is  the  ileocecal  valve,  where  some  inches  of  the 
ileum  may  pass  into  the  cecum.  Enough  of  the  small  intestine  may  enter  to 
reach  far  into  the  colon,  having  in  rare  cases  drawn  the  cecum  after  it  into 
the  lower  bowel  until  the  intussusceptum  reached  to  the  rectum.  The  ileum 
may  enter  the  ileum,  or  the  colon,  the  colon. 
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The  cause  of  the  invagination  is  uncertain.  Leichtenstern  suggested  that 
it  depends  upon  vigorous  peristaltic  movements  in  one  part  of  the  bowel, 
immediately  below  which  the  organ  is  paralyzed.  Its  clinic:al  causes  almost 
certainly  have  to  do  with  irregularities  of  peristalsis,  as  is  suggested  by  the 
fact  that  it  occurs  at  an  age  when  peristalsis  is  very  active,  follows  diseases 
associated  with  marked  or  irregular  peristalsis,  and  has  an  undoubted  analogue 
in  the  agonal  invaginations  of  young  babies. 

The  intussusceptum  does  not  enter  the  intussuscipiens  alone,  but  carries 
with  it  its  mesentery,  which  is  pressed  upon  by  the  sheath,  so  that  there  is 
marked  interference  with  the  circulation.  The  invaginated  gut  may  slip  out 
spontaneously,  but,  as  a  rule,  the  peristaltic  movements  become  more  and 
more  active  because  of  the  obstruction,  and  the  tendency  always  is  for  the 
invagination  to  increase  rather  than  to  diminish  in  size. 

The  persistent  pressure  upon  the  blood-supply  of  the  inner  segment,  and 
the  swelling  which  follows,  as  well  as  the  presence  of  the  invaginated  portion 
of  intestine,  causes  complete  obstruction  of  the  bowels. 

The  changes  that  follow  invagination  are  very  interesting  as  illustrating 
the  ability  of  the  organism  to  care  for  itself. 

The  intussusceptum,  from  passive  congestion,  loss  of  nutriment,  and 
pressure,  becomes  congested,  edematous,  inflamed,  and  gangrenous  as  time 
goes  on.  Inflammation  brings  about  union  of  the  serous  surfaces  of  the  upper 
edge  of  the  sheath  and  the  contiguous  part  of  the  healthy  intestine,  and  it  is 
quite  possible  after  these  adhesions  have  formed  for  the  invaginated  link  of 
intestine  to  slough  off  and  be  passed  by  the  rectum,  leaving  a  wound  united 
as  neatly  as  the  best  surgeon  could  do  it.  Recovery  by  this  means  is,  unfor- 
tunately, very  rare,  as  the  disturbance  ends  in  reversed  peristalsis  and  the 
patient  succumbs  to  exhaustion  or  dies  from  peritonitis  or  other  causes. 
According  to  Widerhofer,  of  46  cases  in  children  in  which  a  hopeful  outlook 
resulted  from  separation  of  the  intussusceptum,  only  27  recovered. 

In  a  case  of  recovery  after  intussusception  that  took  place  in  a  little  child 
aged  eight  years,  the  sloughs  which  separated  were  sent  to  me  by  Dr.  McCaa, 
who  attended  the  patient,  and  consisted  of  quite  a  fragment  of  the  cecum 
and  the  entire  vermiform  appendix. 

Stenosis  of  the  Intestine. — Narrowing  of  the  lumen  of  the  intestine, 
with  consequent  incomplete  obstruction,  may  result  from  a  variety  of  causes, 
none  of  which  is  very  common.  Cicatrices  resulting  from  ulcerations  are 
first  in  importance.  They  occur  after  traumatic  lesions,  as  a  result  of  syph- 
ilis and  tuberculosis,  and  much  more  rarely  from  the  ulcers  of  typhoid  fever. 
The  morphology  of  the  ulcers  may  explain  the  different  conditions  follow- 
ing cicatrization.  Thus,  the  elongate  form  of  the  typhoid  ulcer  prevents  its 
causing  stenosis.  It  is,  however,  to  be  remarked  that  typhoid  ulcers  pro- 
duce little  cicatricial  tissue,  the  cells  of  the  lymphatic  tissue  proliferating  so 
as  to  replace  that  lost.  Tuberculous  ulcers  are  irregularly  rounded  and  oval, 
and  have  their  longer  diameters  transverse  to  the  intestine,  so  that  cicatriza- 
tion may  be  followed  by  constriction.  Severe  attacks  of  dysentery  may  also 
be  succeeded  by  stenosis  from  contracting  cicatrices. 

Cancer  of  the  intestine,  of  whatever  form,  but  especially  the  cylindric 
epithelioma,  is  almost  certain  to  be  followed  by  marked  connective-tissue 
formation,  contraction,  and  stenosis.  Lesions  of  this  kind  are  usually  found 
in  the  large  intestine,  at  the  ileocecal  valve,  sigmoid. flexure,  or  elsewhere. 

They  form  annular  tumors  of  small  size,  but  greatly  reduce  the  caliber  of 
the  gut. 

Compression  of  the  intestine  by  fibrous  bands,  adhesions,  etc.,  and  by 
morbid  growths  of  other  organs  may  also  lead  to  stenosis. 

Dilatation  of  the  Intestines. — Dilatation  is  the  natural  outcome  of 
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incomplete  obstruction,  and  is  most  frequent  in  obstructions  of  the  large 
intestine.  The  fecal  and  gaseous  matters  collect  in  the  proximal  part  of  the 
organ  and  lead  to  dilatation,  which  varies  in  extent  according  to  "circum- 
stances. The  dilated  bowel  is  apt  to  undergo  some  atrophy  of  its  walls,  and 
becomes  unable  to  maintain  the  violent  peristaltic  movements  necessary  to 
express  the  contents  through  the  small  opening,  so  that  they  remain  and 
decompose  and  favor  further  dilatation.  The  condition  is  called  coprostasis. 
Chronic  constipation  with  fecal  impaction  may  produce  dilatation  of  the 
bowel,  with  atrophy  of  the  muscular  tissue  and  inability  to  cope  with  the 
inspissated  contents.  An  example  of  such  dilatation  has  been  reported  by 
Formad.  The  case  was  a  man  accustomed  to  exhibit  himself  in  museums  as 
the  "human  bass-drum."  The  abdomen  of  this  man  was  immensely  dis- 
tended from  the  presence  of  a  colon  as  large  as  that  of  a  horse.  Formad's 
view  of  this  case  was  that  the  dilatation  was  the  primary  condition  and  not 
the  result,  but  rather  the  cause,  of  coprostasis. 

Diverticula  of  the  Intestine. — Partial  dilatation  in  the  form  of  in- 
complete diverticula  or  pouches  are  not  infrequently  formed.  The  most 
interesting  diverticula  that  I  have  seen  occurred  low  down  in  the  sigmoid 
flexure,  and  consisted  of  a  double  series,  one  on  each  side  of  one  of  the 
longitudinal  muscular  bands.  Each  was  about  a  centimeter  in  diameter, 
communicated  with  the  bowel  by  a  small  opening,  and  contained  a  small, 
rounded  mass  of  inspissated  fecal  matter. 

CONGESTION  OF  THE  INTESTINES, 

Acute  congestion  usually  results  from, the  action  of  irritating  substances 
contained  in  the  intestine  or  from  infection. 

Passive  congestion  of  the  intestine  is  frequent  in  cirrhosis  of  the  liver 
and  in  other  conditions  associated  with  engorgement  of  the  portal  system. 
The  condition  is  usually  general  to  the  entire  organ,  but  is  not  so  conspicu- 
ous in' the  intestine  as  in  the  stomach.  Local  passive  congestion  of  the  intes- 
tine may  result  from  thrombosis  of  the  veins,  or,  as  is  more  frequent,  from 
compression  of  the  organ  from  any  cause.  When  intense,  as  in  strangulated 
hernia,  the  part  affected  is  dark  blue  in  color,  swollen,  slightly  roughened, 
and  thickened. 

Passive  congestion  is  sometimes  followed  by  edema,  a.  condition  which  is 
not  very  frequent,  and  which  causes  the  organ  to  swell  and  become  boggy. 

In  congestion  of  the  intestine  from  pressure  the  chylous  vessels  are  also 
obstructed  and  turgescent,  and  the  formation  of  little  submucous  chylous 
cysts  is  not  uncommon.  When  these  minute  cysts  are  numerous  and  closely 
approximated,  one  often  receives  the  impression  that  a  lymphangiomatous 
change  is  present. 

Embolism  and  hemorrhagic  infarction  of  the  intestine  are  some- 
times seen.  The  affected  loop  of  the  organ  is  found  to  be  in  a  blue-black, 
bloody,  infiltrated  condition.  The  usual  outcome  is  necrosis,  which  may 
be  fatal. 

Hypertrophy  of  the  Intestine. — In  obstruction  of  the  organ  the 
muscular  walls  sometimes  thicken,  to  aid  in  discharging  the  contents,  but 
oftener  more  or  less  atrophy  and  dilatation  take  place. 

Atrophy  of  the  intestine  is  rather  frequent,  especially  at  the  cecum, 
where  it  probably  follows  attacks  of  inflammation.  It  may  be  limited  to  the 
mucous  membrane  affecting  the  glandular  tissue,  causing  their  cells  to  dis- 
appear and  the  mucosa  to  become  thin,  or  the  muscular  coat  may  also  be 
affected. 

Amyloid  disease  of  the  intestine  is  of  not  infrequent  occurrence. 

30 
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It  affects  chiefly  the  connective  tissue  of  the  blood  vessels  in.  the  mucosa  and 
submucosa,  but  is  occasionally  seen  in  the  muscular  coat.  The  amyloid  tissue 
appears  pale  and  is  sometimes  harder  and  firmer  than  normal. 

Fatty  degeneration  and  hyaline  degeneration  are  occasionally 
observed  in  the  muscular  coat  of  the  intestine. 

Pigmentary  infiltration  of  the  muscularis  is  not  infrequently  seen  in 
senile  cadavers  in  the  form  of  yellow  granules  in  the  muscle-cells.  They 
may  be  so  plentifully  distributed  as  to  give  the  intestine  a  yellow-brown 
color.     The  pigment  does  not  contain  iron. 

INFLAMMATION  OF  THE  INTESTINE  (Enteritis). 

Inflammation  of  the  intestine  may  affect  the  small  intestine  (enteritis),  the 
large  intestine  (colitis),  or  both  (enterocolitis).  As  the  causes  of  enteritis 
frequently  find  their  way  into  the  intestine  from  a  previously  inflamed  or 
irritated  stomach,  the  inflammations  of  the  upper  part  of  the  organ  are  com- 
monly associated  with  inflammations  of  the  stomach,  and  are  correctly  called 
gastro-enteritis.  Inflammation  of  the  lower  part  of  the  small  intestine  is 
nearly  always  associated  with  associated  disease  of  the  large  intestine  and 
forms  an  enterocolitis. 

Local  inflammations  of  any  particular  part  of  the  canal,  for  purposes  of 
accurate  localization,  are  called  duodenitis,  jejunitis,  ileitis,  cecitis  or  typhlitis, 
appendicitis  or  scolecitis,  colitis,  SiTud.  proctitis. 

Etiology. — Enteritis  may  depend  upon  extrinsic  and  intrinsic  causes. 
Extrinsic  Causes. — The  intestine  may  be  subject  to  the  traumatic  injury 
of  foreign  bodies  which  have  been  swallowed  and  entered  through  the  natural 
openings,  or  which  have  found  their  way  into  it  by  ulceration  of  its  wall.  In 
the  former  group  must  be  placed  unmasticated  and  indigestible  foods,  tacks, 
bits  of  glass  and  tin,  seeds  and  stones  of  fruits,  etc.  ;  in  the  latter,  gall-stones 
and  similar  bodies  which  form  in  neighboring  viscera  and  work  their  way  by 
ulceration  into  the  intestine. 

Irritative  chemical  substances,  especially  those  of  caustic  action  (mineral 
acids,  carbolic  acid,  corrosive  sublimate,  nitrate  of  silver,  etc.),  when  swal- 
lowed, exert  their  effects  upon  the  intestinal  wall  and  produce  lesions  of 
varying  severity  and  extent.  Certain  poisonous  substances  absorbed  from 
the  stomach  and  upper  intestine  are  eliminated  by  the  lower  intestine  and 
colon,  where  they  provoke  inflammations. 

Infectious  agents  are  among  the  most  important  causes  of  enteritis.  The 
possibility  of  some  reduction  of  vital  resisting  power  of  the  epithelial  tissues, 
or  of  some  unusual  quality  of  the  intestinal  contents,  or  the  association  of 
newly  introduced  bacteria,  effecting  an  increase  in  the  biologic  peculiarities 
of  the  normal  bacteria  of  the  intestine,  leading  to  irritation  and  inflamma- 
tion, is  not  to  be  forgotten.  The  occurrence  of  insignificant  lesions  of  the 
intestinal  wall  with  infection  by  bacteria,  usually  not  important,  seems  to  be 
a  fruitful  source  of  danger  in  appendicitis.  The  presence  of  unusual  bacteria 
with  markedly  infectious  powers,  such  as  the  streptococcus,  typhoid  bacillus. 
Bacillus  dysenteriae,  cholera  spirillum,  tubercle  bacillus,  etc.,  may  occasion 
extensive  and  characteristic  lesions. 

Hematogenous  infection  of  the  intestine  may  also  occur  in  cases  of  pyemia ; 
lymphogenous  infection  in  inflammatory  disease  of  the  peritoneum  and  neigh- 
boring viscera. 

Parasites  developing  in  the  intestine  and  irritating  its  wall  by  their  move- 
ments, by  slight  traumatic  lesions,  or  by  secreted  irritative  metabolic  sub- 
stances, may  occasion  inflammatory  reactions,  the  Amoeba  coli  probably 
deserving  the  first  place  among  these. 
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Intrinsic  Causes. — Under  this  heading  are  included  those  irritants  which 
are  formed  in  the  body  by  its  metabohc  processes,  and  act  upon  the  intestine 
during  elimination.  Unfortunately,  knowledge  upon  this  subject  is  as  yet 
too  vague  to  permit  much  discussion.  The  best  known  elimination  of  this 
kind  occurs  in  certain  forms  of  nephritis  with  uremia,  in  which  diarrhea, 
evidently  of  elimination,  occurs.  In  certain  extrinsic  poisonings  toxin  elimi- 
nation is  also  well  shown. 

Any  inertia  of  the  rectum  or  colon  leading  to  coprostasis,  or  lack  of 
secretion  of  the  intestinal  glands,  by  which  the  feces  are  retained  and  be- 
come abnormally  dry,  hard,  and  irritating,  may  be  called  an  intrinsic  cause 
of  inflammation. 

It  cannot  be  shown  that  age,  sex,  heredity,  social  condition,  occupation, 
or  racial  conditions  have  any  particular  influence  in  the  etiology  of  enteritis, 
except  those  arising  from  environment.  Thus,  children  suffer  from  a  very 
severe  and  often  fatal  form  of  enterocolitis  known  as  cholera  infantum,  which 
seems  to  depend  upon  poisons  (ptomains)  in  the  milk  of  which  they  partake. 
The  same  condition  develops  in  adults  when  in  "ice-cream  poisoning"  the 
same  ptomain,  tyrotoxicon,  is  taken.  OccupaJ:ions  in  which  workmen  have 
to  handle  such  poisons,  as  lead,  mercury,  or  arsenic,  may  be  particularly 
dangerous,  the  well-known  "lead  colic"  serving  as  an  illustration. 

1 .  Catarrhal  Enteritis. — This  form  of  enteritis  presents  very  few  anatomic 
changes.  The  hyperemia  that  characterizes  most  inflammatory  lesions  may 
be  entirely  absent,  or  if  present,  may  be  noticeable  only  upon  the  apex  of 
the  folds  of  mucous  membrane  as  a  delicate  pinkish  blush.  In  the  intestines 
of  infants  dead  of  enterocolitis  the  mucous  membrane  frequently  appears 
unusually  pale.  The  contents  of  the  bowel  are  fluid,  showing  that  exuda- 
tion has  been  active,  and  upon  the  mucous  membrane  an  unusual  quan- 
tity of  mucus  may  be  observed.  The  Peyer's  and  solitary  lymphatic  collec- 
tions may  be  enlarged.  Occasional  erosions  of  the  epithelium  may  be  found. 
Submucous  petechias  and  ecchymoses  are  not  infrequent,  and  sometimes 
appear  quite  distinct  because  of  the  contrasting  pallor  of  the  rest  of  the 
intestine.     Occasional  epithelial  exfoliations  take  place  iii  the  form  of  shreds. 

When  the  wall  of  the  intestine  is  examined  microscopically,  the  mucosa 
is  found  infiltrated  with  leukocytes,  the  lymphatic  tissue  is  increased  in  quan- 
tity, there  are  an  abnormal  number  of  goblet  cells  in  the  epithelium  that  has 
not  exfoliated,  and  small  cysts  with  mucous  contents  may  be  noticed  here  and 
there.  A  good  many  "  mastzellen  "  are  sometimes  present  in  the  submucous 
tissue. 

2.  Follicular  enteritis  is  characterized  by  the  addition  of  a  very  marked 
enlargement  of  the  solitary  lymph-follicles  throughout  the  intestine.  They 
appear  swollen  and  project  from  the  surface  of  the  mucous  membrane,  their 
pale  color  contrasting  with  the  rest  of  the  mucous  membrane  if  there  is  any 
hyperemia.  Follicular  enteritis  is  frequent  in  children  as  part  of  the  pathol- 
ogy of  enterocolitis,  and  also  occurs  in  death  from  diphtheria.  In  rare  cases 
in  which  the  follicles  are  definitely  infected  suppuration  may  occur  and  lead, 
by  evacuation,  to  the  formation  of  ulcers.  The  enlargement  of  the  Peyer's 
plaques  in  follicular  enteritis  depends  upon  hyperplasia  of  the  lymphoid 
tissue,  the  entire  plaque  being  dotted  by  the  enlarged  single  follicles,  a 
reticulum  of  normal  and  fibrillar  tissue  passing  between  them.  The  early 
stages  of  typhoid  fever  show  an  exaggeration  of  the  lesions  of  follicular 
enteritis. 

When  the  intestinal  wall  is  subjected  to  microscopic  examination,  the 
lymphoid  tissue  is  found  to  be  universally  increased  in  amount,  and  the 
lymph-follicles  hyperplastic.     About  each  follicle  more  or  less  round-cell  in- 
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filtration  is  observed,  and  it  is  more  than  probable  that  infection  is  the  cause 
of  all  the  changes. 

Follicular  enteritis  may  develop  from  the  catarrhal  and  lead  directly  into 
the  ulcerative  form. 

3.  Pseudomembranous  enteritis  usually  occurs  m  the  large  intestine, 
though  it  sometimes  extends  into  the  ileum.  The  formation  of  the  pseudo- 
membrane  begins  upon  the  summit  of  the  valvulse  conniventes  and  other 
folds  of  the  mucous  membrane.  The  pseudomembrane  appears  of  a  grayish 
color,  and  consists  of  a  slough  of  necrotic  epithelium  with  an  abundance  of 
round-cells,  mucus,  fibrin,  bacteria,  etc.  The  membrane  is  rarely  tenacious, 
but  usually  soft  and  pulpy.  As  it  shreds  off,  or  in  rare  cases  exfoliates,  in 
large  pieces  or  cylinders,  the  surface  is  left  denuded  and  exposed,  as  well  as 
infected,  and  soon  ulcerates. 

When  examined  microscopically,  the  mucosa  is  found  profoundly  altered 
by  round-cell  infiltration,  superficial  necrosis,  and  inflammatory  exudation. 

The  intestinal  wall  is  in  a  condition  of  inflammatory  edema,  infiltrated 
throughout  with  leukocytes,  and  in  the  lymph-spaces  collections  of  bacteria 
and  in  the  dysenteric  cases  amebae  are  present.  The  capillaries  and  some- 
times larger  vessels  are  thrombosed.  Between  the  pseudomembranous  areas 
the  mucous  membrane  is  hyperemic,  edematous,  thickened,  and  infiltrated 
with  round-cells. 

If  the  condition  depends  upon  the  action  of  caustics  and  the  patient 
lives,  the  regeneration  of  the  lost  membrane  readily  takes  place  and  the  ulcers 
cicatrize. 

The  pseudomembranous  enteritis,  by  the  separation  of  the  gangrerious 
superficial  sloughs,  always  becomes  ulcerative,  and  some  of  the  most  serious 
ulcerative  forms  begin  as  pseudomembranous  colitis. 

The  infection  of  denuded  areas  of  the  surface  is  sometimes  attended  with 
a  rapid  phlegmonous  inflammation  {phlegmonous  enteritis)  by  which  large 
areas  of  mucous  membrane  may  be  dissected  loose  and  destroyed. 

Beneath  these,  or  such  remnants  of  them  as  remain  after  evacuation  and 
exfoliation  have  gone  on,  communicating  sinuses  can  be  found. 

4.  Ulcerative  enteritis  may  result  from  infection  and  suppuration  of  the 
■  lymphoid  follicles  in  catarrhal  and  follicular  enteritis,  especially  in  typhoid 

fever,  from  the  separation  of  pseudomembranous  sloughs  in  dysentery,  and 
from  pyemic,  tuberculous,  syphilitic,  and  other  local  affections. 

The  ulcers  may  be  superficial  and  embrace  only  the  mucous  membrane, 
or  they  may  be  deep  and  include  other  coats,  even  to  the  extent  of  perfora- 
tion. In  some  cases  the  ulcers  are  covered  with  healthy  granulation  tissue, 
and  regeneration  proceeds  uninterruptedly  after  the  exfoliation  of  the  sloughs 
or  evacuation  of  the  abscesses.  In  other  cases  the  ulceration,  because  of 
continued  infection,  assumes  a  phagedenic  course  and  extends,  undermining 
the  mucosa,  as  in  dysentery.  Sometimes  very  feeble  efforts  at  cicatrization 
occur,  as  in  tuberculosis,  sometimes  marked  cicatrization  and  contraction,  as 
in  syphilis  and  dysentery.  The  appearances  of  the  ulcers  occurring  in  the 
special  diseases  are  usually  characteristic,  and  will  be  fully  described  under 
typhoid  fever,  tuberculosis,  dysentery,  and  syphilis  of  the  intestine. 

Chronic  enteritis  depends  upon  persistence  of  the  cause  of  irritation  and 
continued  damage  of  the  organ.  It  often  follows  the  acute  forms,  though 
sometimes,  as  in  dysentery,  it  may  have  its  essential  characteristics  from  the 
start.  It  usually  occurs  in  the  large  intestine,  and  is  most  frequent  in  the 
lower  colon  and  rectum. 

The  lesions  consist  of  connective-tissue  hyperplasia,  and  result  in  thick- 
ening and  fibroid  changes  in  the  walls  of  the  organ.  The  mucosa  is  thick- 
ened,  the  lymphatic  follicles   enlarged,  and   the  surface  of  the  mucosa  is 
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irregularly  marked  by  alternating  cicatrices  and  healthy  tissue.  When 
marked  contraction  of  the  cicatricial  tissue  has  taken  place,  the  islands  of 
healthy  tissue  project  from  among  them. 

In  the  healthy  tissue  hyperplasia  not  infrequently  takes  place,  and  a  poly- 
poid condition  similar  to  that  seen  in  chronic  gastritis  is  found.  The  sur- 
face of  the  mucous  membrane  is  covered  wtth  grayish  mucus,  which  may 
adhere  tenaciously,  and  the  chronic  hyperemia  accompanying  the  disease 
may  cause  the  mucous  membrane  to  become  of  a  grayish,  slate  color,  or  in 
very  marked  cases  deep  blue-black.  The  vessels  of  the  submucosa  are  en- 
larged. In  the  mucosa  and  submucosa  there  are  considerable  round-cell  in- 
filtration and  connective-tissue  induration.  When  large  ulcerations  have 
cicatrized,  large  cicatrices  may  be  found,  and  the  contraction  of  these  cica- 
trices causes  considerable,  deformity — stenosis.  The  contraction  of  the 
diffuse  connective  tissue  of  the  mucosa  and  submucosa  frequently  leads  to 
atrophy  of  the  glandular  tissue,  and  intensifies  the  polypoid  appearance  of 
the  projecting  normal  tissue. 

Physiology. — All  forms  of  enteritis  predispose  to  diarrhea  by  irritative 
stimulation  of  peristalsis  and  by  increasing  the  intestinal  secretions.  They 
all  have  a  marked  effect  upon  nutrition,  which  becomes  greatly  disturbed 
because  the  food  cannot  be  properly  treated,  and  because  poisonous  products 
are  absorbed.  Typhoid  fever  is  sometimes  an  exception,  some  cases  being 
accompanied  by  constipation.  This  may  be  explained  by  the  fact  that  in 
this  disease  the  lesions  are  chiefly  in  the  small  intestine.  Colitis  and 
proctitis  are  invariably  accompanied  by  diarrhea. 

Special  Forms  of  Intestinal  Inflammation. — Duodenitis  usually 
accompanies  gastritis,  and  probably  depends  upon  extension  of  the  inflam- 
mation from  the  stomach  to  the  intestines  by  continuity  of  tissue.  When- 
ever the  contents  of  the  stomach  have  an  abnormally  irritating  character, 
they  are  apt  to  irritate  the  duodenum  as  they  enter.  That  the  gastric  secre- 
tions are  not  changed  at  once  in  the  duodenum  is  shown  by  the  fact  that 
peptic  ulcer  occurs  there  as  well  as  in  the  stomach. 

Ileitis  is  the  usual  form  of  enteritis.  It  may  present  any  of  the  appear- 
ances already  described. 

Typhlitis,  or  inflammation  of  the  cecum,  is  in  many  cases  entirely  de- 
pendent for  its  existence  upon  appendicitis.  Typhlitis  may  occur,  however, 
as  a  primary  affection  depending  upon  the  presence  in  the  cecum  of  hard 
feces — typhlitis  stercoralis. 

If  the  inflammation  occurs  in  the  cellular  tissue  about  the  cecum,  it  is 
called  perityphlitis.  Most  cases  of  perityphlitis  depend  upon  appendicitis. 
When  the  inflammation  is  entirely  extraperitoneal  and  involves  the  cellular 
tissue  behind  the  cecum,  it  is  sometimes  cslXtA  paratyphlitis.  This  condition 
also  depends  almost  exclusively  upon  appendicitis,  and  the  term  is  rarely  used. 

Appendicitis,  scolecitis,  or  inflammation  of  the  vermiform  appendix,  is 
a  frequent  and  dangerous  disease. .  It  probably  has  its  predisposing  cause 
in  the  small  size,  rudimentary  wall,  and  meager  blood-supply  of  the  appen- 
dix. If  fecal  matter  enters  the  vermiform  appendix  from  the  cecum  and  is 
retained,  it  becomes  inspissated,  forming  smooth,  rounded,  firm  concretions. 
In  the  course  of  time,  through  slow  infiltration  with  salts  of  the  phos- 
phates and  carbonates  and  the  precipitation  of  additional  substance  upon 
the  original  nucleus,  true  enteroliths  of  varying  size  are  formed.  The  pres- 
sure of  these  calculi  upon  the  wall  of  the  appendix,  and  the  ulceration 
and  necrosis  which  may  thus  be  brought  about,  afford  the  colon  bacillus 
and  streptococcus,  which  are  nearly  always  present  in  the  organ,  an  oppor- 
tunity to  establish  themselves  in  the  tissues,  with  the  result  that  inflammation. 
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followed  by  ulcerative,  suppurative,  phlegmonous,  or  gangrenous  processes, 
may  develop. 

A  few  cases  undoubtedly  depend  upon  the  entrance  of  foreign  bodies, 
such  as  nut-shells,  grape-seeds,  gall-stones,  cherry-pits,  bits  of  glass,  etc. 
This  was  at  one  time  thought  to  be  quite  common,  but  is  now  recognized 
as  a  rare  accident,  and  the  majority  of  the  bodies  found  in  the  appendix  are 
enteroliths  formed  there.  I  have,  however,  found  an  inflammation  of  the 
appendix  associated  with  the  presence  of  two  small  fragments  of  broken 
glass.  That  changes  in  the  blood  vessels  of  the  appendix  may  be  a  cause 
of  appendicitis  is  quite  certain,  and  I  have  seen  an  appendix  at  whose  tip 
there  was  a  conical  perforation  caused  by  an  area  of  local  necrosis  closely 
resembling  an  anemic  infarct.  Parasites,  tuberculous  ulcerations,  typhoid 
ulcerations,  and  other  infectious  diseases  may  have  their  lesions  seated  in 
the  appendix  and  lead  to  more  or  less  serious  troubles  by  perforation  or 
suppuration. 

The  disease  may  reach  any  grade  of  severity,  and  its  ultimate  course  will 
depend  entirely  upon  the  extent  of  damage  done.  The  mild  forms  of  catar- 
rhal appendicitis  probably  recover  spontaneously  when  sufficient  mucus,  pus, 
or  serum  has  collected  within  the  organ  to  displace  the  irritating  concretion. 
Mild  degrees  of  suppuration  no  doubt  also  recover  spontaneously,  as  the 
number  of  cases  examined  at  autopsy  in  which  disturbances  of  the  appendix 
and  surrounding  tissues  by  previous  inflammation  will  attest. 

Severe  cases  with  extensive  suppuration  are  apt  to  perforate  into  the  ab- 
dominal cavity  and  cause  fatal  peritonitis.  When  this  does  not  happen,  it  is 
probably  because  the  appendix  becomes  adherent  to  the  peritoneum  or  to  the 
viscera  before  it  perforates,  and  the  abscess  develops  behind  a  peritoneal  cov- 
ering. In  this  manner  are  developed  pericecal  and  other  abscesses,  which 
may  point  and  discharge  at  most  unexpected  places — into  the  intestine, 
into  the  bladder,  in  the  right  inguinal  fossa,  in  the  renal  region,  in  the  crural 
region,  etc. 

The  inflammation  having  subsided,  may  recover  perfectly,  or  the  original 
conditions  remaining,  the  patient  may  suffer  from  repeated  subsequent  attacks 
until  the  recurring  inflammation  shall  obliterate  or  destroy  the  organ. 

Indeed,  in  some  cases  the  occurrence  of  one  attack  causes  a  predisposition 
to  future  attacks  by  obstructing  the  already  inadequate  outlet  of  the  organ, 
by  inflammatory  bands  which,  crossing  the  appendix  near  its  base,  cause 
the  retention  of  secretion  and  lead  to  the  transformation  of  the  free  end  of 
the  organ  into  a  cul-de-sac  or  even  a  cyst  in  which  bacteria  are  free  to  grow, 
and  from  which  infection  can  occur  with  unusual  facility  should  occasion 
offer. 

More  usual  is  the  obliteration  of  the  organ  by  cicatricial  bands  and  by  the 
contraction  of  connective  tissue  formed  within  its  walls  during  recovery.  It 
is  not  uncommon  to  find  the  distal  half  of  the  appendix  transformed  to  a 
fibrous  cord. 

In  all  cases  of  appendicitis  the  cecum  is  more  or  less  involved  in  the 
inflammatory  process. 

Colitis,  or  inflammation  of  the  colon,  may  depend  upon  the  presence  of 
dry,  irritating  feces.  Probably  the  greater  number  of  cases  are  infectious  or 
toxic  in  nature. 

Proctitis,  or  inflammation  of  the  rectum,  may  depend  upon  the  presence 
of  hard,  irritating  feces,  but  is  probably  more  often  dependent  upon  the 
traumatism  of  foreign  bodies  introduced  into  the  rectum,  and  specific  infec- 
tions, such  as  diphtheria,  gonorrhea,  syphilis,  tuberculosis,  etc. 

Ziegler  remarks  a  resemblance  which  exists  between  the  rectum  and  the 
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appendix  vermiformis  in  that  hard  fecal  masses  and  foreign  bodies  so  fre- 
quently act  as  the  exciting  causes  of  disease. 

The  very  numerous  folds  of  the  mucous  membrane  of  the  rectum,  and 
their  frequent  dilatations,  known  as  hemorrhoids,  form  convenient  lodging- 
places  for  berry-seeds,  grape-seeds,  and  other  small  foreign  bodies  which 
may  provoke  ulcerations,  which  not  infrequently  lead  to  sinus  and  fistula 
formation. 

The  most  common  changes  in  proctitis  are  hyperemia,  ulceration,  and 
cicatrization.  The  surface  of  the  mucosa  is  apt  to  be  covered  with  adherent 
mucus  and  desquamated  epithelium. 

The  ulcerations  are  not  very  extensive,  but  are  foci  from  which  perirectal 
inflammations  spread.  Perirectal  abscesses  may  rupture  externally,  leaving 
fistulas  {fistula  in  ano),  or  may  open  into  the  bladder  or  vagina.  Some- 
times, instead  of  actual  fistulous  communications  with  the  exterior,  blind 
pouches  are  formed  by  the  perirectal  inflammations.  These  are  spoken  of 
by  the  surgeon  as  internal  fistulas. 

INFECTIOUS  DISEASES. 

Dysentery  is  an  acute  or  subacute  inflammation  of  the  colon  and 
rectum,  characterized  by  inflammatory  and  ulcerative  lesions  and  the  occur- 
rence of  frequent  small,  mucous,  and  bloody  stools. 

It  is  of  sporadic  and  endemic  occurrence  in  temperate  climates,  and  of 
epidemic  occurrence  in  semitropic  and  tropic  climates.  Rarely,  epidemics 
make  their  appearance  in  temperate  climates,  Japan  having  for  many  years 
been  seriously  troubled  by  it. 

The  disease  seems  to  affect  all  ages,  both  sexes,  and  all  social  conditions, 
though  it  seems  to  be  most  frequent  among  those  who  pay  little  attention  to 
the  quality  of  the  drinking-water. 

Etiology. — ^The  etiology  of  the  affection  is  still  somewhat  uncertain,  and 
the  indications  are  that  different  forms  of  the  disease  depend  upon  different 
causes. 

1.  Endemic  Dysentery,  Amebic  Dysentery,  or  Tropic  Dysentery.- — It  is 
believed  that  this  form  of  the  disease  depends  upon  the  Amoeba  coli  of  Loesch 
{q.  v.).  The  extensive  investigations  of  some  years  ago  seemed  to  establish 
the  fact  that  this  protozoon  was  present  in  nearly  every  case  in  the  intestinal 
contents  and  in  the  lesions  of  the  mucous  membrane,  as  well  as  occasionally 
in  the  metastatic  liver  abscesses. 

2.  The  epidemic  dysentery  seems  to  have  an  entirely  different  etiology, 
and  can  be  referred  to  a  bacillus  discovered  by  Shiga.  This  organism  is 
of  almost  invariable  occurrence,  has  pronounced  pathogenic  effects  upon 
animals,  and  is  specifically  agglutinated  by  the  serum  of  immunized  animals. 

Bacteriology. — The  Bacillus  dy^enteria  of  Shiga  is  about  the  same  size  as  the  typhoid 
bacillus,  measuring  about  1-3  x  0,5-0.8  \i..  It  is  usually  solitary,  though  sometimes  united  in 
very  short  chains.  When,  freshly  isolated,  the  organism  stains  quite  easily,  perhaps  more 
deeply  in  the  ends  than  at  the  center,  with  aqueous  anilin-dye  solutions.  It  does  not  stain  by 
Gram's  method.     After  prolonged  cultivation,  the  staining  becomes  somewhat  irregular. 

The  bacillus  is  motile  and  has  flagella.  No  spores  are  formed.  It  is  both  aerobic  and 
anaerobic. 

The  cultures  of  the  bacillus  resemble  the  typhoid  bacillus  in  nearly  all  particulars,  so  that 
it  is  not  necessary  to  describe  them  in  detail. 

Gelatin  is  not  liquefied  ;  sugars  are  not  fermented  ;  no  indol  is  produced  (Flexner  found 
that  indol  was  produced) ;  milk  is  not  coagulated.  The  metabolic  products  are  shghtly  acid. 
The  differentiation  between  Shiga's  bacillus  and  the  Bacillus  typhosus  is  thus  synoptized  by 
Flexner:  "The  latter,  (Shiga  bacillus)  shows  less  marked  motility  when  first  isolated,  and  a 
tendency  to  lose  motility  rapidly  in  artificial  cultivations ;  it  displays  a  more  uniform  genera- 
tion of  indol ;  after  a  brief  preliminary  acid  production  in  milk,  it  gives  rise  to  a  gradually 
increasing  alkalinization  ;  it  is  inactive  to  blood-serum  from  typhoid  cases,  but  reacts  with 
serum  from  dysenteric  cases  to  which  Bacillus  typhosus  does  not  respond." 
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Morbid  Anatomy. — A.  Epidemic  Dysentery. — In  mild  cases  the  large 
intestine,  together  with  the  lower  part  of  the  ileum,  is  the  seat  of  disease. 
It  may,  however,  be  less  extensive  and  embrace  the  rectum  and  sigmoid 
flexure  and  part  of  the  colon. 

The  mucous  membrane  is  intensely  congested  and  swollen,  its  blood  ves- 
sels are  injected,  and  the  color  of  the  tissue  varies  from  bright  red  to  livid. 
The  surface  is  covered  with  blood-stained,  tenacious  mucus,  and  frequent 
small  hemorrhagic  areas  occur  beneath  the  mucous  membrane.  There  is 
considerable  swelling  of  the  lymphatic  tissue  of  the  colon,  the  solitary  fol- 
licles enlarging  and  then  undergoing  necrosis  and  separating  from  the  sur- 
face, leaving  ulcerations,  which  may  be  quite  numerous.  In  these  cases  the 
loss  of  tissue  is  quite  superficial,  and  when  the  disease  begins  to  recover,  the 
mucous  membrane  readily  regenerates,  new  glandular  tissue  replaces  that 
lost,  and  very  little  change  from  the  normal  remains. 

More  destructive  cases  partake  of  a  diphtheric  or  pseudomembranous 
nature.  No  sharp  line  separates  the  two  forms.  In  the  more  severe  cases 
the  surface  of  the  mucosa  is  covered,  not  only  with  bloody  mucus,  but  also 
with  a  necrotic  layer.  The  glandular  layer  may  also  be  affected,  and  bac- 
teria from  the  surface  extending  into  it  may  cause  its  cells  to  undergo  degen- 
erative changes,  and  the  more  superficial  cells  to  die  and  be  resolved  into  a 
granular  debris.  Sometimes  the  destruction  is  limited  to  the  summits  of  the 
folds  of  mucous  membrane,  but  may  be  quite  extensive.  Beneath  the 
pseudomembrane  the  remaining  mucosa  and  the  submucosa  are  infiltrated 
with  leukocytes  and  plasma  cells.  The  separation  of  the  necrotic  layer  upon 
the  surface  takes  place  in  shreds  and  leaves  abraded  and  ulcerated  areas. 

B.  Endemic  or  Amebic  Dysentery. — The  lesions  of  endemic  or  amebic 
dysentery  consist  essentially  of  extensive  ulcerations. 

"  In  the  earliest  stage  these  local  infiltrations  appear  as  hemispherical 
elevations  above  the  general  level  of  the  mucosa.  The  mucous  membrane 
over  these  soon  becomes  necrotic  and  is  cast  ofi",  exposing  the  infiltrated  sub- 
mucous tissue  as  a  grayish-yellow  gelatinous  mass,  which  at  first  forms  the 
floor  of  the  ulcer,  but  is  subsequently  cast  off  as  a  slough." 

"The  individual  ulcers  are  round,  oval,  or  irregular,  with  infiltrated  un- 
dermined edges.  The  visible  aperture  is  often  small  compared  to  the  loss 
of  tissue  beneath  it,  the  ulcers  undermining  the  mucosa,  coalescing,  and  form- 
ing sinuous  tracts  bridged  over  by  apparently  normal  mucous  membrane." 

"  According  to  the  stage  at  which  the  lesions  are  observed,  the  floor  of 
the  ulcer  may  be  formed  by  the  submucosa,  the  muscular,  or  the  serous  coat 
of  the  intestine.  The  ulceration  may  affect  the  whole  or  some  portion  only 
of  the  large  intestine,  particularly  the  cecum,  the  hepatic  and  sigmoid  flexures, 
and  the  rectum.  In  severe  cases  the  whole  of  the  intestine  is  much  thick- 
ened and  riddled  with  ulcers,  with  only  here  and  there  islands  of  intact  mucous 
membrane. ' ' 

"The  disease  advances  by  progressive  infiltration  of  the  connective- 
tissue  layers  of  the  intestine,  which  produces  necrosis  of  the  overlying  struc- 
tures. Thus,  in  severe  cases  there  may  be  in  different  parts  of  the  bowel 
sloughing  en  masse  of  the  mucosa  or  of  the  muscularis,  and  the  same  process 
is  observed,  but  not  so  conspicuously,  in  the  less  severe  forms."  "  In  some 
cases  a  secondary  diphtheritic  inflammation  complicates  the  original  lesions." 

The  dysenteric  ulcerations  may  cease  and  healing  begin  at  any  stage. 
More  or  less  atrophy  of  the  mucosa  remains,  together  with  scar  formation 
where  large  ulcerations  have  existed.  Contraction  of  the  larger  scars  may 
be  succeeded  by  partial  stenosis.  Polypoid  excrescences  are  also  formed, 
and  are  similar  in  appearance  and  origin  to  those  of  the  stomach  and  small 
intestine.     Cysts  are  occasionally  formed  by  obstructed  mucous  glands. 
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Histology. — Microscopic  examination  of  the  dysenteric  intestine  shows  a 
difference  in  the  two  forms.  Flexner  writes:  "In  their  pathological  his- 
tology also  the  acute  dysenteries  differ  from  the  amebic  form.  The  histo- 
logical changes  appear  in  the  mucous  membrane,  submucosa,  and  muscularis, 
being  most  marked  in  the  former  situations.  Those  in  the  mucous  mem- 
brane consist  of  coagulative  necrosis  with  exudation  of  fibrin  and  polymor- 
phonuclear cells.  The  fibrinous  and  cellular  exudate  may  entirely  replace 
the  glandular  layer,  or  here  and  there  a  gland  may  be  preserved.  The 
pseudomembrane  is  a  close  network  inclosing  multinuclear,  often  fragmented, 
cells.  No  blood  vessels  are  to  be  distinguished,  but  a  variable  number  of 
red  blood  corpuscles  are  mingled  with  the  exudate  and  lie  free  upon  the 
surface.  The  muscularis  mucosae  is  not  always  distinguishable^ — indeed,  it  is 
frequently  lost  in  the  exudate.  The  submucosa  is  always  much  altered. 
From  the  changes  found  it  is  evident  that  to  them  is  chiefly  due  the  thick- 
ening of  the  gut.  The  part  most  affected  is  the  layer  next  the  muscularis 
mucosae.  Here  are  found  hemorrhages  of  variable  size,  while  in  the  inter- 
stices of  the  tissues  some  fibrin  appears.  More  marked,  however,  are  cellu- 
lar accumulations,  which  are  present,  not  uniformly,  but^n  irregular  areas. 
The  deeper  layers  of  the  submucosa  show  similar  cellular  infiltrations,  although 
the  amount  is  less  striking. 

"  On  the  other  hand,  at  these  levels,  the  quantity  of  fibrin  is  greatly  in- 
creased and  hemorrhages  are  numerous.  The  character  of  the  cellular  exu- 
date is  quite  uniform.  Excluding  the  red  blood  corpuscles,  the  new  cells 
consist  of  plasma  cells.  These  are  collected  into  foci,  often  about  blood 
vessels,  veins,  and  arteries,  but  sometimes  occur  in  small  groups  or  singly. 
There  can  be  no  doubt  that  these  are  identical  with  Unna's  plasma  cells; 
they  show  the  reticulated  nucleus,  often  placed  eccentrically,  and  the  fine 
blue  granulations  of  cell  protoplasm  in  eosin  and  methylene-blue  staining. 
As  the  deeper  levels  of  the  mucosa  are  reached,  hemorrhages  and  fibrin  are 
abundant.  The  size  of  the  foci  of  plasma  cells  gradually  diminishes.  At 
the  muscular  border  they  have  about  disappeared.  Among  the  plasma  cells 
a  variable  number  of  eosinophilic  cells  may  be  distinguished.  In  the  sub- 
mucosa, infiltrations,  hemorrhage,  and  fibrin  formation  take  place  also 
beneath  an  intact  or  almost  intact  mucous  membrane.  The  nature  of  the 
cellular  infiltration  may  be  identical  with  that  already  described,  but,  in 
addition,  accumulations  of  lymphoid  cells  may  frequently  be  seen.  These 
exist  in  the  layer  of  the  submucosa  immediately  next  the  muscularis  mucosae  ; 
the  deeper  cells  resemble  plasma  cells.  The  blood  vessels  of  the  submucosa 
may  be  patent  and  congested,  the  blood  containing  an  excess  of  white  ele- 
ments ;  or  they  may  show  recent  leukocytic  and  fibrinous  thrombi.  Hyaline 
degeneration  of  the  vascular  walls  was  not  encountered.  Large  spaces  in 
the  submucosa  may  contain  fibrinous  clots ;  these  are  probably  dilated  and 
thrombosed  lymphatic  vessels.  The  muscular  coat  shows  only  hemorrhages, 
which  may  be  of  large  size,  although  they  are  usually  smaller  than  in  the 
submucosa.     The  peritoneal  tunic  is  usually  unaltered." 

In  amebic  dysentery  the  disease  begins  with  infiltration  of  the  submucosa, 
necrosis  of  the  mucous  membrane,  exfoliation,  and  consequent  ulceration. 
The  lesions  are  less  destructive  in  the  epidemic  dysentery,  and  in  the  endemic 
form  the  mucosa  may  be  entirely  destroyed  and  exfoliated  over  considerable 
areas  of  intestinal  surface.  A  section  through  a  remaining  fragment  shows 
the  surface  necrotic,  the  deeper  structure  intensely  infiltrated  with  polymor- 
phonuclear leukocytes  and  plasma  cells,  fibrin  networks  here  and  there,  and 
all  the  varied  changes  that  one  would  expect  in  a  process  complicated  on 
every  side  with  local  bacterial  infection,  the  presence  of  amebae,  etc. 
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The  amebse  are  found  in  the  intestinal  contents  and  also  in  considerable 
numbers  in  and  between  the  coats  of  the  gut. 

Complications. — The  chief  complication  of  dysentery  is  abscess  of  the 
liver.  The  abscesses  may  be  either  minute  and  multiple,  from  the  entrance 
of  bacteria  with  the  portal  blood,  or  may  be  single  and  large.  In  the  mul- 
tiple metastatic  abscesses  bacteria  which  have  entered  from  the  denuded  in- 
testine are  always  present.  In  the  large  abscesses  they  are  absent.  The 
absence  of  bacteria  and  the  presence  of  amebae  in  the  large  or  "  tropic 
abscesses ' '  have  been  used  in  support  of  the  view  that  the  amebse  are  cap- 
able of  exciting  the  inflammation  of  the  colon,  because  it  can  produce  the 
abscess  of  the  liver.  It  is  not  impossible,  however,  that  the  hepatic  abscess 
depends  upon  bacteria  not  yet  discovered,  or  that  those  which  caused  it  have 
died  out  before  the  lesion  was  investigated. 

Thrombosis  of  the  veins  of  the  colon  and  mesentery  and  thrombosis  of 
the  portal  vein  may  complicate  dysentery,  being  caused  by  bacterial  emboli. 

Perforation  of  the  colon  is  not  infrequent  in  dysentery  with  extensive  and 
deep  ulcerations. 

Stenosis  of  the  rectum  and  colon  may  succeed  dysentery,  from  the  con- 
traction of  the  connective  tissue  formed  during  the  cicatrization  of  exten- 
sive ulcerations. 

Cholera  Asiatica. — Cholera  is  an  acute  epidemic,  infectious,  specific 
disease,  characterized  by  fever,  vomiting,  copious  diarrhea,  cramps,  and  col- 
lapse, followed  by  death  or  recovery. 

It  is  endemic  and  epidemic  in  India,  which  seems  to  be  its  natural 
habitat,  and  spreads  in  epidemics  to  neighboring  and  remote  countries  at 
irregular  times. 

According  to  the  consensus  of  opinion,  the  disease  depends  upon  a  micro- 
organism— the  cholera  spirillum — discovered  by  Koch. 

Bacteriology. — The  Spirillum  choleres  asiatlcm  is  an  organism  of  slightly  variable  mor- 
phology, prone  to  show  marked  involution  and  degeneration  forms.  As  usually  seen  in  intes- 
tinal discharges  and  in  fresh  cultures,  it  is  a  short,  slightly  curved  rod  with  round  ends.  The 
pecirliar  curve  led  to  its  being  compared  to  a  comma,  and  called  by  Koch  the  "  comma  bacil- 
lus." In  old  cultures,  and  especially  in  potato  cultures,  it  grows  into  long  spirals  which  are 
distinctly  flexible.  The  comma-shaped  organisms  measure  1.5-2  x  0.5  ji.  It  is  actively  motile 
and  has  a  terminal  flagellum.     It  forms  no  spores. 

The  organisms  stain  well  by  the  ordinary  aqueous  solution  of  the  anilin  dyes,  but  not  by 
Gram's  method.     The  organisms  are  both  anaerobic  and  aerobic. 

Cultivation.— "Y^ie.  cholera  organisms  grow  well  upon  all  the  artificial  media,  both  at  room- 
temperature  and  at  the  temperature  oi  the  human  body.  The  vitality  of  the  organism  is  not 
great,  and  it  is  killed  at  temperatures  above  52°  C.  It  also  dies  if  desiccated,  and  quickly 
dies  in  artificial  culture  if  not  frequently  transplanted,  though  sometimes  it  may  live  for 
months.  In  the  fecal  discharges  it  sometimes  dies  in  two  or  three  days,  or  sometimes  it  may 
Hve  several  weeks.     It  is  quickly  destroyed  by  antiseptics  and  germicides. 

The  organism  can  be  secured  by  diluting  the  rice-water  discharges  and  making  plate  cul- 
tures of  the  dilution. 

The  colonies  upon  gelatin  appear  as  pale,  shghtly  yellowish,  coarsely  granular  points  with 
slightly  irregular  contours.  As  they  become  larger  their  appearance  somewhat  suggests 
powdered  glass.  Liquefaction  of  the  gelatin  soon  begins,  and  surrounds  the  colony  with  a 
halo  of  transparent  fluid.  As  the  liquefaction  is  slow,  the  fluid  evaporates  almost  as  rapidly  as 
it  is  formed,  and  the  colony  gradually  sinks  into  a  saucer-shaped  depression.  The  colonies 
may  also  assume  a  rosy  hue. 

Gelatin  puncture  cultures  present  a  fairly  characteristic  appearance.  The  growth  takes 
place  along  the  entire  line  of  puncture.  Liquefaction  also  occurs  along  the  entire  needle 
path,  forming  a  slender  canal.  At  the  surface  the  growth  is  a  little  more  rapid,  and  the  lique- 
fied area  a  little  wider.  The  evaporation  of  the  fluid  leaves  an  air-space  above.  As  time 
goes  on  yellowish,  granular  matter  collects  at  the  apex  of  the  liquefaction.  The  gelatin  be- 
comes slowly  more  and  more  liquefied,  until,  after  several  weeks,  the  gelatin  is  all  fluid. 

Upon  the  surface  of  obliquely  solidified  agar-agar  the  growth  develops  with  the  production 
of  a  grayish,  moist,  slimy,  shining  band,  not  distinctly  circumscribed,  and  devoid  of  charac- 
teristic appearances. 

Upon  blood-serum  the  growth  i^  not  characteristic. 

TJpon  potato  the  organisms  grow  well,  even  when  the  reaction  of  the  potato  is  acid,  and 
produce  a  transparent,  yellowish-brown  or  brownish-yellow  layer. 
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In  bouillon  and  peptone  solution  diffuse  cloudiness  occurs,  with  h  pellicle  on  the  surface. 
The  pellicle  is  distinct  and  often  wrinkled.  It  is  made  up  of  cholera  organisms,  some  of  long 
spiral  form. 

In  milk  the  organism  grows  luxuriantly  but  produces  no  visible  change. 

Chemistry. — The  organism,  when  freshly  isolated,  and  even  when  cultivated  for  a  long 
time,  produces  indol  and  nitrites.  It  is  said  also  to  produce  a  toxalbumin  fatal  for  guinea- 
pigs  and  probably  responsible  for  the  disease  in  man. 

Pathogenesis. — Man  alone  is  spontaneously  infected  with  cholera  ;  in  epidemics  the  lower 
animals  all  escape.  The  virulent  cholera  organism,  when  introduced  into  the  subcutaneous 
tissue  of  guinea-pigs,  usually  causes  death  from  septicemia.  If  the  inoculation  is  made  into 
the  peritoneal  cavity,  a  peritonitis — choleraic  peritonitis^~ch3.Ta.ctenzed  by  a  serofibrinous 
exudation  containing  some  pus-cells  is  produced. 

Feeding  animals  with  cholera  organisms,  as  well  as  injecting  them  subcutaneously,  intra- 
abdominally,  intravenously,  etc.,  with  its  cultures,  all  fail  to  produce  anything  resembling 
cholera  as  seen  in  man.  Koch  found,  however,  that  if  the  experiment  animals  (guinea-pigs) 
were  given  a  large  dose  of  opium  in  order  that  their  peristalsis  might  be  checked,  the  gastric 
contents  then  alkalinized,  and  cholera  cultures  introduced  into  it,  the  animal,  upon  recovering 
from  the  narcosis,  later  dies  paralyzed  and  collapsed,  with  the  intestine  filled  with  serous  fluid 
and  congested,  the  symptoms  partially  resembling  clinical  cholera. 

Morbid  Anatomy. — The  appearance  of  the  intestine  is  of  interest  because 
of  its  variability.  Only  typical  cases  are  characteristic.  In  suspected  cases 
the  study  of  the  morbid  appearances  alone  may  easily  lead  to  error  in  the 
diagnosis  of  cholera. 

The  appearances  differ  with  the  time  at  which  death  takes  place.  In 
ear/y  cases  the  external  surface  of  the  small  intestine  appears  of  a  rose-red 
color,  sometimes  deepening  to  purple  or  violet  There  is  an  inconsiderable 
layer  of  sticky  fibrin  upon  the  serosa.  The  same  condition  seems  to  affect 
other  of  the  serous  membranes,  and  occurs  in  cholera  nostras  as  well  as  in 
cholera  Asiatica.  The  contents  of  the  intestine  are  thin  and  watery,  cloudy, 
grayish,  odorless,  alkaline,  and  very  abundant.  When  collected  in  a  vessel 
and  allowed  to  stand,  a  sedimentation  of  the  little  whitish  flakes  character- 
istic of  the  "  rice-water  discharges  "  occurs.  Rarely  is  there  any  admixture 
of  bile.  The  mucous  membrane  is  nearly  always  pale  and  anemic,  though 
it  may  be  congested,  and  is  sometimes  dark-brown  or  red-brown  in  color  or 
hemorrhagic,  this  being  true  of  the  lower  part  of  the  ileum  especially. 
Shreds  and  flakes  of  mucus  adhere  to  its  surface.  Koch  regarded  hyperemia 
in  the  neighborhood  of  Peyer's  plaques  and  solitary  follicles  as  characteristic 
of  cholera  Asiatica.  When  the  mucosa  is  hyperemic  and  swollen,  it  often 
has  a  velvety  appearance  from  enlargement  of  the  villi. 

In  the  early  stages  the  plaques  and  solitary  glands  are  enlarged  and  appear 
pale  and  conspicuous  upon  the  hyperemic  mucosa.  As  the  disease  advances 
the  glandular  swelling  rapidly  diminishes,  the  glands  seem  to  sink  deeply 
into  the  mucosa,  and  the  plaques  assume  a  reticulated  appearance.  The 
large  intestine  usually  shows  no  signs  of  disease,  but  may  be  slightly  hyper- 
emic and  swollen. 

Histologically,  the  morbid  changes  are  superficial  and  consist  essentially 
in  desquamation  and  exfoliation  of  the  epithelium.  There  is  also  coagula- 
tion necrosis  of  the  villi,  especially  at  their  tips,  and  they  are  sometimes 
destroyed.  There  is  an  absence  of  leukocytic  infiltration  of  the  deeper 
tissues,  and  usually  very  little  in  the  mucosa.  It  is  said  that  many  "mastzel- 
len  ' '  are  present  in  the  submucosa. 

In  Mer  cases — i.  e.,  those  which  have  passed  the  algid  stage — the  appear- 
ances are  quite  different.  The  rose  color  and  sticky  coating  of  the  intestine 
disappear,  and  the  intestinal  wall  is  much  less  swollen.  At  this  stage  the 
intestine  is  found  nearly  empty. 

Instead  of  the  copious  fluid  contents,  bad-smelling  gas  is  present.  The 
Peyer's  plaques  often  show  a  slate-colored  pigmentation.  Secondary  enter- 
itis is  very  frequent  in  the  later  days  of  cholera,  the  diphtheritic — /.  e., 
pseudomembranous — form  being  that  usually  seen.     Studies  made  during  the 


476  DISEASES   OF  THE  DIGESTIVE   SYSTEM. 

Hamburg  epidemic  indicate  that  the  pseudomembrane  is  a  product  of  coagu- 
lation necrosis  of  the  superficial  mucous  membrane,  especially  the  villous 
layer,  which  becomes  transformed  into  homogeneous  granules.  The  intes- 
tinal walls  are  more  or  less  infiltrated  with  leukocytes  and  show  many  colo- 
nies of  bacteria. 

Sometimes  the  intestinal  wall  is  infiltrated  with  blood,  sometimes  circum- 
scribed areas  of  mucous  membrane  are  covered  with  grayish-green  pseudo- 
membrane  consisting  of  coagulation -necrotic  tissue  without  fibrin.  Such 
areas  are  most  frequent  in  the  large  bowel. 

It  is  to  be  observed  that,  unlike  dysentery,  sublimate  poisoning,  etc.,  the 
changes  characteristic  of  cholera  are  situated  chiefly'  in  the  lower  part  of  the 
ileum,  not  in  the  large  intestine.  The  large  intestine  often  contains  scybala. 
In  unusual  cases  one  may  observe  hemorrhagic  gastritis  or  ulcerative  colitis 
as  a  complication.     The  pathologic  appearances  vary  in  different  epidemics. 

Cholera  nostras  is  an  acute  choleraic  affection  characterized  by  the  sudden  development 
of  vomiting  and  diarrhea,  with  abdominal  pain  and  tenesmus,  and  not  infrequently  terminat- 
ing fatally.  It  is  alvi^ays  sporadic,  never  epidemic.  The  "  rice-water  discharges  "  are  absent. 
The  cause  of  the  disease  is  unknown. 

The  lesions  of  cholera,  nostras  are  nearly  identical  with  those  of  cholera  Asiatica.  The  two 
diseases  are  chiefly  differentiated  by  the  sporadic  nature  of  the  one  and  epidemic  nature  of  the 
other,  and  by  a  bacteriologic  examination. 

Typhoid  Fever. — Typhoid  fever  is  an  acute  infectious  disease  caused 
by  the  Bacillus  typhosus  of  Koch  and  Gaffky,  and  usually  characterized  by 
fever,  profound  nervous  symptoms,  diarrhea,  and  wasting.  The  most  char- 
acteristic lesion  is  ulceration  of  the  intestine. 

Though  in  rare  instances  typhoid  fever  is  a  general  infection  unaccom- 
panied by  local  lesions,  it  is  chiefly  an  intestinal  infection,  characterized  by 
a  peculiar  enlargement  and  necrosis  of  the  lymphatic  tissue. 

Bacteriology.— Typhoid  fever  seems  to  be  caused  by  the  Bacillus  typhosus  of  Koch  and 
Gaffky.  The  bacillus  is  found  at  some  time  in  every  case  of  typhoid,  and  has  almost  never 
been  found  under  other  conditions.  Its  distribution  in  nature  seems  to  be  very  hmited,  as 
outside  of  the  diseased  body  it  has  been  found  but  rarely  and  only  in  polluted  water  and 
foods. 

Morphology,  etc. — The  bacillus  is  a  distinct  rod  with  round  ends.  It  measures,  on  the 
average,  1-3  x  0.5-0.8  il.  Sometimes  the  individual  organisms  are  very  short  and  ovoid,  some- 
times long  and  filamentous. 

The  bacillus  is  actively  motile,  and  has  many  flagella  which  project  from  all  parts  of  its 
surface.  These  can  readily  be  defined  by  Loeffler's  and  Pitfield's  methods.  No  spores  are 
produced. 

The  organism  stains  with  the  aqueous  solutions  of  the  anilin  dyes,  but  not  by  Gram's 
method. 

Cultivation.  — The  typhoid  bacillus  grows  readily  upon  all  the  laboratory  media,  both  at 
room-temperature  and  at  the  temperature  of  the  body.  It  grows  with  and  without  the  admis- 
sion of  free  oxygen. 

The  colonies  that  appear  upon  gelatin  plates  are  at  first  small,  rounded,  and  granular 
As  they  mcrease  in  size  and  come  to  the  surface  they  spread  out  in  thin,  translucent  slightly 
bluish,  iridescent  films  which  are  irregular  in  outline  and  have  been  compared  to  grape-vine 
leaves.     The  colonies  never  become  very  large,  aijd  the  gelatin  is  never  liquefied. 

In  gelatin  punctures  the  bacilli  grow  all  along  the  line  of  inoculation  and  upon  the  surface 
forming  a  delicate,  nail-like  growth.     There  is  no  liquefaction  of  the  gelatin. 

Upon  obliquely  solidified  agar-agar  the  bacillus  forms  a  grayish,  translucent,  moist  shining 
slightly  spreading  film.  This  growth  has  no  peculiarities.  On  coagulated  blood-serum  the 
growth  is  grayish  or  colorless  and  has  no  characteristics. 

Upon  potato  the  typical  appearance  is  described  as  the  "invisible  growth."  The  bacilli 
grow  quite  abundantly  and  spread  out  over  the  surface  of  the  potato,  but  having  no  color  and 
being  translucent,  the  growth  can  scarcely  be  recognized  by  the  naked  eye,  though  easily 
picked  up  as  a  shghtly  viscid  mass  by  the  platinum  wire. 

In-bouiUon  and  peptone  solutions  a  diffuse  clouding  is  the  only  change.  Sometimes  a 
very  delicate  translucent  serum  is  formed. 

Milk  is  not  altered  by  typhoid  bacillus. 

Chemistry. — The  organism  grows  both  aerobically  and  anaerobically. 

It  varies  somewhat  in  reaction,  usually  producing  a  slight  intensification  of  the  alkalinity 
ol  the  culture-media,  sometimes  slightly  acidulating  it.     Often  there  is  no  change. 

It  does  not  ferment  any  of  the  sugars,  and  in  solutions  containing  them  evolves  no  gas 
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It  does  not  produce  indol :  it  does  not  coagulate  milk. 

A  toxalbumin  and  other  toxic  substances — typhotoxin,  etc. — have  been  separated  from  its 
cultures. 

Pathogenesis. — For  the  lower  animals  the  typhoid  bacillus  is  scarcely  pathogenic.  Only 
when  freshly  isolated  and  of  exceptional  virulence  will  it  cause  septicemia  in  guinea-pigs.  The 
injection  of  both  living  and  killed  cultures  into  horses  and  smaller  animals,  however,  brings 
about  a  firm,  hard  swelling  which  often  undergoes  necrosis  and  sometimes  suppurfites.  The 
effects  of  the  local  lesions  are  sometimes  fatal. 

By  narcotizing  a  guinea-pig,  alkalinizing  its  gastric   contents,  and  injecting  some  of  a 
typhoid  culture  into  the  stomach,  an  infection  results  which 
bears  a  partial  resemblance  to  typhoid  fever  in  man. 

In  man  the  typhoid  bacillus  not  only  provokes  the  disease 
known  as  typhoid  fever,  but  during  and  after  convalescence 
frequently  occasions  suppurative  lesions,  such  as  periostitis, 
ostitis,  otitis  media,  osteomyelitis,  meningitis,  etc.,  and  must 
be  placed  among  the  pyogenic  bacteria. 

Serum  Reaction. — The  best  indication  of  the  pathogenesis 
of  the  typhoid  bacillus  and  its  importance  in  the  etiology  of 
typhoid  fever  yet  afforded  is  found  in  the  phenomenon  of  agglu- 
tination observed  by  Widal.  When  brought  into  a  i :  50  dilu- 
tion of  the  blood  or  serum  of  a  typhoid  patient  or  convalescent, 
cultures  of  the  bacillus  quickly  show  a  peculiar  clumping,  as- 
sociated with  loss  of  motion.  Only  the  serums  of  typhoid  pa- 
tients, convalescents,  and  of  immune  animals  have  this  effect, 
and  it  is  with  the  typhoid  bacillus  only  that  the  effect  is  brought 
about. 

Intermediate  between  the  typhoid  bacillus  and  the  Bacillus 
coli,  a  common  denizen  of  the  intestine,  are  a  number  of  or- 
ganisms presenting  but  slight  cultural  and  biologic  differences 
which  have  been  caXled  paracolon  and  paratyphoid  bacilli.  Of 
these,  the  paratyphoid  bacilli  seem  capable  of  occasioning  in- 
fection having  clinical  manifestations  resembling  true  typhoid 
fever.  The  striking  clinical  difference  is  found  in  the  inability 
of  the  blood  of  patients  suffering  from  this  infection  to  agglu- 
tinate the  true  typhoid  bacillus.  When  isolated,  the  para- 
typhoid bacillus  is  found  to  vary  from  its  related  species  in 
occasionally  fermenting  dextrose  and  in  occasionally  producing 
indol.  The  chief  differential  feature  is,  however,  the  inability 
of  immune  serums  to  react  upon  both  species.  Each  serum  is 
specific  for  its  own  organism,  or  acts  upon  it  in  a  far  greater 
dilution  than  upon  the  other. 

Morbid  Anatomy. — The  lower  part  of  the  ileum 
and  the  upper  part  of  the  colon  are  most  frequently 
invaded  by  the  disease,  its  intensity  being  greatest 
in  the  neighborhood  of  the  ileocecal  valve.  Some- 
times almost  the  entire  length  of  the  intestine  is  in- 
volved, and  the  extent  and  severity  of  the  lesions 
are  remarkable.  In  some  fatal  cases  the  morbid 
changes  in  the  intestine  have  been  very  inconsider- 
able, a  few  fatal  cases  being  on  record  in  which  but 
a  single  typical  ulceration  has  been  found. 

There  is  always  more  or  less  catarrhal  enteritis 
secondary  to  the  ulceration. 

The  course  of  the  affection  is  somewhat  pro- 
tracted for  an  acute  disease,  and  is  briefly  as  fol- 
lows : 

The  disease  begins  with  hyperemia  and  swell- 
ing of  the  mucosa  of  the  lower  part  of  the  ileum 
and  a  marked  enlargement  of  Peyer's  patches  and 
the  solitary  glands  which  steadily  increases,  until  the  Peyer's  patches  become 
prominent,  marked  by  nodes  and  ridges,  and,  finally,  form  large,  smooth, 
cushiony  elevations  with  little  depressions  or  pits  here  and  there  upon  the 
surface.  The  original  hyperemia  disappears  from  the  plaques,  and  when 
largest,  they  become  whitish  in  color. 


Fig.  254. — Ileum ;  typhoid 
fever  (early  stage) ;  Peyer's 
patches  and  solitary  follicles 
greatly  swollen ;  superficial 
ulceration  (Nicholls). 
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The  contents  of  the  bowel  are  greenish-yellow,  soft,  and  a  little  slimy. 
They  contain  flocculent  masses  and  are  described  as  being  like  "pea  soup." 

During  the  second  week  of  the  disease  the  hyperplastic  lymphatic  tissue 
of  both  the  plaques  and  solitary  follicles  undergoes  an  anemic  necrosis,  and 
exfoliation  in  shreds  and  fragments  gradually  takes  place.  The  surface  of 
the  plaques  at  this  time  is  covered  with  a  thick,  greenish-black  slough.  The 
necrosis  and  the  exfoliation  may  apparently  involve  all  the  lymphatic  elements 
of  the  follicles  and  plaques  which  seem  to  be  cleaned  out,  leaving  smooth 
bottom  ulcers,  but  the  subsequent  course  of  events  indicates  that  this  is  an 
error,  and  it  is  unusual  to  find  perfectly  oval  ulcers.  They  are  usually  irreg- 
ular and  smaller  than  the  plaques. 

During  the  stage  of  necrosis  a  peculiar  dotted  appearance  of  the  plaques 
often  results  from  the  more  rapid  disintegration  of  the  follicular  tissue  than 
of  the  intermediate  tissue,  so  that  the  surface  becomes  marked  by  numerous 
small  pits  in  which  darkened  and  discolored  necrotic  tissue  contrasts  with 
the  paler  surrounding  tissue.  To  this  condition  the  French  apply  the  name 
"plaque  a  surface  reticulee."  By  the  clinician  it  is  often  spoken  of  as  the 
"shaven-beard  appearance."  The  same  appearance  may  be  due  in  some 
cases  to  minute  hemorrhages  occurring  as  the  necrotic  mass  separates. 


Fig.  255. — Typhoid  ulceration  of  the  small  intestine :  a.  Solitary  gland,  greatly  swollen  and 
denuded  of  its  covering  mucosa ;  b,  more  normal  but  inflamed  intestinal  wall. 

The  necrosis  reaches  to  a  variable  depth  into  the  intestinal  wall,  usually 
involving  the  lymphatic  tissue  of  the  plaque  only,  but  sometimes  descending 
through  the  submucosa  to  the  muscularis  or  even  penetrating  the  muscularis 
and  exposing  the  serosa.  It  is  probable  that  in  the  greater  number  of  cases  in 
which  perforation  of  the  intestine  occurs  it  is  rather  because  the  serous  coat 
becomes  involved  in  the  necrosis  than  because  of  the  pressure  of  feces  or 
gas  upon  the  thinned  intestinal  wall. 

The  necrosis  of  the  plaques  is  always  much  more  important  and  deeper 
than  that  of  the  solitary  follicles. 

In  the  separation  of  the  necrotic  mass  the  edges  of  the  patch  seem  to 
loosen  and  shred  away  first.  In  rare  cases  the  whole  mass  exfoliates  and  is 
detached  at  once,  sometimes  causing  much  hemorrhage  from  exposed  blood 
vessels. 

Sometimes  a  large  plaque  will  show  several  irregular  ulcers  separated  by 
intermediate  septa. 

The  ulcers  usually  have  soft,  swollen,  congested,  sometimes  excavated  or 
undermined  borders.  Their  surfaces  soon  become  discolored  by  the  intes- 
tinal contents  and  appear  greenish  or  brownish  in  color. 
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The  ulcers  are  more  numerous  near  the  ileocecal  valve  than  elsewhere, 
because  of  the  large  amount  of  lymphoid  tissue  at  that  situation.  Indeed, 
near  this  point  the  small  intestine  may  have  its  surface  transformed  to  one 
immense  ulceration  encircling  the  organ  and  extending  upward  for  several 
inches.  In  such  an  ulcerated  area  small  islands  of  healthy  mucous  mem- 
brane may  be  observed  here  and  there.  Ulcerations  may  also  be  found  in 
Meckel's  diverticulum,  when  it  exists,  and  in  the  vermiform  appendix.  In 
the  large  intestine  the  cecum  suffers  more  than  the  colon,  the  disease  affect- 
ing the  solitary  glands. 

About  the  end  of  the  third  week  the  destructive  processes  end.  In  some 
cases  the  hyperplastic  lymphatic  follicles  and  plaques  are  relieved  of  their 
cellular  distention  by  degeneration  and  gradual  absorption. 

When,  however,  the  process  has  gone  on  to  ulceration,  the  healing  is 
deferred  because  of  the  slow  progress  of  cicatrization. 
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Fig.  256. — Typhoid  ulcer  of  the  intestine.  The  section  passes  through  an  enlarged  Peyer's 
patch,  the  surface  of  which  was  necrotic.  The  illustration  shows  the  ulcer  to  be  made  up  of 
epithelioid  cells,  eridothelial  cells,  plasma  cells,  and  lymphocytes,  actively  growing :  a,  Blood 
vessel  with  proliferated  endothelium. 

In  ordinary  cases  the  destructive  process  is  entirely  over  with  the  end  of 
the  third  week,  and  healing  usually  begins  in  the  fourth  week.  At  this  time 
nearly  all  the  ulcers  will  be  free  of  their  necrotic  shreds  and  found  to  con- 
form more  or  less  perfectly  to  the  size  and  situation  of  the  lymphoid  accumu- 
lations— solitary  and  agminated  glands.  It  is  one  of  their  most  character- 
istic features  that  they  do  not  extend  beyond  these  confines.  The  dura.tion 
of  the  cicatrization  is  several  weeks,  and  in  cases  dying  late  and  in  relapses,  it 
is  not  infrequent  to  see  partially  but  not  perfectly  cicatrized  ulcers  remaining 
after  six,  seven,  or  more  weeks.  The  first  sign  of  beginning  cicatrization 
is  shown  by  a  reduction  in  the  size  of  the  infiltrated  border  of  the  ulcer. 
Soon  the  mucous  membrane  begins  to  descend  upon  and  attach  itself  to 
the  denuded  surface.  A  delicate  granulation  tissue  forms  upon  the  sur- 
face of  the  ulcer,  and,  by  further  development  of  the  granulation  tissue  upon 
the  ulcerated  surface  and  inward  extension  of  the  mucous  membrane  at  the 


480  £>IS£ASES   OF  THE  DIGESTIVE   SYSTEM. 

periphery,  the  ulcer  is  healed,  and  a  smooth,  usually  diffusely  pigmented, 
brownish  or  slate-colored  scar  remains.  Almost  concomitantly  with  the 
repair  of  the  surface  a  proliferation  of  whatever  lymphoid  tissue  remains 
takes  place,  and  before  very  long  the  plaque  or  follicle  is  again  restored. 
While  still  a  matter  of  doubt,  it  seems  quite  probable  that  new  villi  are 
formed  by  the  new  mucosa  covering  the  ulcer. 

The  progress  of  events  is  not  always  so  uniform  and  regular  as  described, 
for  in  some  cases  the  process  of  healing  begins  in  anticipation  of  the  com- 
plete exfoliation  of  the  slough,  etc. 

While  the  lymphatic  tissues  of  the  intestine  are  undergoing  the  destruc- 
tive necrosis  characteristic  of  typhoid,  the  neighboring  lymphatic  tissues  are 
by  no  means  exempt.  The  mesenteric  glands  always  become  enlarged, 
soften,  and  may  rupture.  When  the  usual  course  of  events  takes  place, 
the  necrotic  part  of  the  gland  is  gradually  transformed  into  a  cheesy  mass 
which  sometimes  remains  and  may  later  calcify.  The  spleen  is  always 
enlarged. 

Histology. — The  increase  in  the  cellular  substance  of  the  Peyer's  patches 
and  solitary  glands  was  formerly  regarded  as  depending  upon  a  hyperplasia 
of  the  lymphoid  tissue,  but  recent  investigations  by  Ribbert,  and  particu- 
larly by  Mallory,  have  shown  this  to  be  a  mistake.  According  to  the  re- 
searches of  Mallory,  the  typhoid  bacillus  produces  a  mildly  irritative  toxin, 
which  stimulates  proliferation  of  the  endothelial  cells  of  the  lymphatic 
spaces,  blood  capillaries,  and  reticulum  of  the  lymphoid  tissue.  These  cells 
increase  in  large  numbers,  sometimes  uniformly  throughout  a  lymph-node, 
sometimes  at  its  central  or  peripheral  part  only.  The  cells  are  large,  have 
palely  staining  nuclei,  acidophilic  protoplasm  in  abundance,  show  frequent 
karyokinetic  figures,  and  are  eminently  phagocytic,  taking  up  and  digesting 
both  the  lymphocytes  and  the  erythrocytes  that  may  be  in  their  immediate 
neighborhood. 

Mallory  finds  these  cells  to  be  the  cause  of  all  the  subsequent  changes,  as 
they  block  up  the  lymph-channels,  obstruct  and  cause  thrombosis  of  the 
capillary  blood  vessels,  and  occasion  the  necrotic  changes  in  the  Peyer's 
patches,  the  spleen,  and  the  liver,  by  thrombotic  local  ischemia.  The  cells 
may  enter  the  circulation,  pass  through  the  hepatic  capillary  plexus,  and 
become  located  in  the  lung,  or,  passing  through  the  pulmonary  capillaries, 
may  be  found  in  distant  organs  with  their  loads  of  lymphoid  cells  and  other 
fragments  taken  up  in  the  intestine. 

Sections  through  the  non -ulcerated  Peyer's  patches  show  the  proliferative 
changes  very  well,  while  sections  through  the  ulcers  show  the  progress  of  the 
proliferation,  vascular  obstruction,  and  necrosis. 

The  affected  lymphoid  tissue  is  a  conglomeration  of  epithelioid,  lymphoid, 
plasma  cells,  and  leukocytes  in  which  the  tracing  of  the  inception  and  progress 
of  events  is  difficult. 

The  accidents  of  typhoid  fever  are  sometimes  fatal. 

1.  Hemorrhage. — Small  hemorrhages  usually  depend  upon  oozing  of  blood  from  the  con- 
gested borders  of  the  ulcerations,  and  merit  little  attention.  Blood  in  small  quantities  imparts 
a  chocolate  color  to  the  stool.  Large  hemorrhages  usually  depend  upon  the  denudation  of 
larger  vessels  by  the  premature  detachment  of  large  masses  of  exfoliating  tissue.  It  is  rarely 
that  bright  fresh  blood  appears  in  the  stool,  the  usual  appearance  resulting  from  large  hemor- 
rhages being  characterized  as  "  tarry  stools." 

2.  Perforation.— The  hyperplasia  of  the  lymphoid  elements  may  be  so  marked,  and  the 
leukocytic  infiltration  so  considerable,  that  the  necrosis  embraces  an  unusual  depth  of  tissue, 
and  may  even  destroy  the  serosa. 

Where  the  wall  of  the  intestine  has  been  much  thinned  so  as  to  consist  of  a  few  muscular 
fibers  and  the  peritoneum,  passing  fragments  of  undigested  food  and  other  solid  bodies  within 
the  intestine  have  been  known  to  escape  from  the  organ  into  the  peritoneal  cavity,  presumably 
by  lacerating  the  delicate  tissues.  Round-worms  have  also  been  known  to  bore  their  way 
through.     As  is  usual  with  intestinal  perforations,  if  adhesions  can  be  found  with  neighboring 
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parts,  the  patient  may  escape  peritonitis,  but  if  the  intestinal  contents  escape  directly  into  the 
peritoneal  cavity,  death  from  purulent  peritonitis  is  certain. 

Metastasis  in  Typhoid  fever. — Typhoid  fever,  while  essentially  a.  local  disease  of  the 
intestine,  is  nearly  always  accsmpanied  by  the  escape  of  bacteria  into  the  blood.  Chief  among 
'these  is  the  typhoid  bacillus  itself,  and  the  regularity  of  its  occurrence  in  the  blood  can  be 
estimated  by  the  constancy  with  which  the  "rose-spots  "  upon  the  skin  make  their  appearance. 
Richardson  has  shown  that  these  spots  contain  the  typhoid  bacilli,  and  it  is  natural  to  infer- that 
they  are  caused  by  them.  The  bacilli  also  commonly  appear  in  the  urine  in  the  third  week  of 
the  disease,  evidently  having  been  carried  to  the  kidney  by  the  blood-stream,  Ohlmacher  and 
others  have  reported  Tneningitis  caused  by  typhoid  fever.  In  the  prolonged  convalescence  from 
the  disease  numerous  remote,  chiefly  suppurative  lesions  present  themselves.  Among  these  are 
ostitis,  periostitis,  otitis,  parotitis,  and  orchitis.  The  lesions  are  frequently  occasioned  by  the 
typhoid  bacillus  itself,  but  may  be  caused  by  the  colon  bacillus  and  other  micro-organisms 
which,  having  succeeded  in  gaining  entrance  into  the  tissues  through  the  typhoid  lesions,  and 
finding  the  tissues  in  a  condition  of  depressed  vitality,  succeeded  in  effecting  a  footing. 

Relapse  in  typhoid  fever  is  a  repetition  of  the  original  disease.  It  has  no  etiologic  or 
pathologic  peculiarity.  In  the  intestine  the  newer  lesions  occur  simultaneously  with  the  partly 
healed  lesions.  The  ulcerations  in  relapse  involve  lymphoid  tissue  which  escaped  the  primary 
infection,  and  sometimes  also  involve  the  partly  healed  lesions. 

Associated  Infections. — The  most  frequent  complicating  infection  of  typhoid  fever  is 
pneumonia^  to  which  the  patient  seems  to  be  predisposed  by  the  general  vital  depression. 
The  pneumonia  is  usually  caused  by  the  pneumococ'cus.  Noma  also  occasionally  results 
from  oral  infection  during  the  febrile  stages  with  sordes  and  rhagades  and  the  dry  brown 
tongue. 

Paratyphoid  fever  presents  lesions  which  the  few  autopsies  that  have 
been  made  show  to  differ  slightly  from  those  of  typhoid.  Thus,  though  the 
septic  invasion  of  the  body  is  much  the  same  and  the  enlargement  of  the 
spleen  similar,  the  intestinal  lesions  are  non-specific  in  character.  In  some 
cases  there  have  been  no  intestinal  ulcerations,  in  others  irregular  and  atypical 
ulcers  situated  in  the  lower  eight  or  ten  centimeters  of  the  ileum,  not  con- 
fined to  the  lymphoid  tissue,  not  accompanied  by  enlargement  of  Payer's 
patches,  or  swelling  of  the  mesenteric  glands. 

Tuberculosis  of  the  Intestine. — Tuberculosis  of  the  intestine  occurs 
as  a  primary  affection  in  infancy.  It  is  very  frequent  as  a  secondary  affection 
in  adults  suffering  from  pulmonary  and  laryngeal  tuberculosis  with  tubercle 
bacilli  in  discharges  which  are  easily  swallowed,  so  that  in  almost  every  case 
of  chronic  pulmonary  tuberculosis  some  infection  of  the  intestine  can  be 
expected. 

Etiology. — The  disease  seems  to  depend  almost  entirely  upon  direct  infec- 
tion by  swallowed  tubercle  bacilli.  In  infants  the  bacilli  are  probably  most 
frequently  contained  in  tuberculous  milk  ;  in  adults,  in  swallowed  sputum. 

The  disease  seems  to  assert  itself  first  in  Peyer's  patches  and  in  the  soli- 
tary glands,  but  may  occur  anywhere  upon  the  surface  of  the  intestinal 
mucosa. 

The  primitive  lesion  is  the  miliary  tubercle,  which  soon  surrounds  itself 
with  an  area  of  cellular  infiltration  and  causes  the  formation  of  a  small, 
rather  circumscribed  swelling.  Coagulation  necrosis  occurs,  and  the  cheesy 
center  exfoliates,  leaving  a  small  ulcer  with,  markedly  infiltrated  borders  and 
a  grayish-yellow,  crumbly  material  showing  at  its  base.  As  the  lesion  becomes 
older  and  larger  by  the  addition  of  new  tubercles,  numerous  outlying  tuber- 
cles are  observed  along  the  lines  of  the  lymphatic  vessels,  especially  upon  the 
serous  surface.  These  extend  laterally  and  pave  the  way  for  the  increase  in 
size  of  the  original  lesion,  which,  unlike  the  typhoid  ulcer,  does  not  conform 
to  the  shape  of  the  Peyer's  patch,  but  tends  to  spread  irregularly  in  all  direc- 
tions. One  of  the  peculiarities  of  the  ulcer  is  its  tendency  to  extend  across 
the  intestine  instead  of  along  its  length,  this  tendency  depending  upon  the 
fact  that  the  lymphatics  encircle  the  intestine.  The  outlying  lymphatic 
tubercles  are  often  connected  by  whitish  cylinders,  probably  representing 
lymph-vessels  which  are  plugged  by  purulent  accumulations  or  by  cheesy 
matter.  The  ulcers  are  usually  situated  at  the  lower  part  of  the  ileum,  not 
31       * 
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far  from  the  ileocecal  valve.  They  may  be  single  or  multiple.  I  have  seen 
a  case  of  death  from  purulent  peritonitis  following  perforation  of  a  single 
tuberculous  ulcer  not  more  than  3  cm.  in  diameter.  On  the  other  hand,  the 
ulcerations  may  be  very  numerous. 

The  lesion  is  rarely  limited  to  the  mucosa,  but  usually  also  involves  the 
submucosa,  not  infrequently  the  muscularis,  and  sometimes  the  serous  coat. 
Perforation  is  the  chief  danger  to  be  feared,  though  few  of  the  ulcers  perfo- 
rate, probably  being  prevented  by  the  formation  of  inflammatory  adhesions. 
Not  infrequently  the  perforation  occurring  after  the  formation  of  adhesions 
between  the  intestine  and  the  viscera  or  abdominal  wall  gives  rise  to  cold 
abscess  instead  of  peritonitis. 

Tuberculous  peritonitis  occasionally  results  from  intestinal  tuberculosis. 

The  general  tendency  of  the  ulcer  is  toward  continued  growth  and  ex- 
tension. Some  cases  show  cicatrization,  and  a  few,  marked  induration  and 
thickening  of  the  subjacent  and  surrounding  tissues.  Intestinal  tuberculosis 
occasionally  recovers,  the  lost  tissue  being  replaced  by  a  dense  fibrous  scar. 
Stenosis  of  the  intestine  may  be  caused  by  the  cicatrization  of  tuberculous 
ulcers,  the  transverse  direction  of  the  tuberculous  ulcer  decidedly  predis- 
posing to  subsequent  constriction  of  the  intestine  in  cases  in  which  cicatriza- 
tion occurs. 

Syphilis  of  the  Intestine. — Intestinal  syphilis  is  uncommon.  It  may 
be  acquired  or  hereditary.  In  the  former  case  it  usually  finds  its  seat  in  the 
lower  part  of  the  rectum.  The  primary  lesions  may  depend  upon  direct 
inoculation  and  consist  of  a  chancre.  The  secondary  lesions  consist  of 
mucous  patches  and  papules;  the  tertiary  lesions  of  mucus  or  submucous  gum- 
mata,  with  undermining  and  destruction  of  the  mucosa,  so  that  from  the 
anus  to  an  altitude  of  several  inches  the  rectum  may  be  denuded,  except  for 
occasional  partially  attached  shreds  and  islands  of  mucous  membrane.  The 
deeper  structure  of  the  rectum  may  also  be  affected  in  a  most  destructive 
manner,  and  occasional  perforations  may  result  in  perirectal  abscess  forma- 
tion. The  lesions  hteal  with  the  formation  of  dense  cicatrices,  which  cause 
stenosis. 

The  higher  part  of  the  intestine  is  rarely  affected,  yet  small  gummata  may 
occur  in  any  part,  and,  by  softening,  produce  ulcerations  which  present  no 
definite  characteristics  by  which  they  may  be  recognized,  except  their  ten- 
dency to  heal  by  the  formation  of  dense  cicatrices. 

Hereditary  syphilis  of  the  intestine  occurs  in  children  and  usually  affects 
the  small  intestine.  The  lesions  are  somewhat  variable.  Gummata  are 
sometimes  observed,  but  more  frequently  cellular  infiltrations  of  the  mucous 
tissue  and  submucous  tissue  occur,  and,  by  degeneration,  cause  the  formation 
of  ulcers.  The  ulcerations  not  infrequently  occur  in  Peyer's  glands  or  in 
the  solitary  follicles. 

Lepra,  actinomycosis,  and  other  specific  granulomata  of  the 
intestine  are  of  rare  occurrence  and  scarcely  merit  mention.  They  are 
usually  secondary,  and  are  almost  unmistakable  because  of  the  associated 
lesions.     Primary  actinomycosis  has  been  observed  in  the  cecum. 

Anthrax  in  cattle  is  commonly  of  intestinal  origin,  the  bacilli  being 
taken  into  the  alimentary  canal  with  the  food.  The  infection  takes  place 
high  up  in  the  jejunum  or  in  the  duodenum,  and  is  characterized  by  blackish- 
red  or  brownish-red  hemorrhagic  foci  with  necrotic  yellowish  or  greenish- 
yellow  centers.  The  tissues  of  the  mucosa  and  submucosa  are  in  a  condition 
of  bloody  edema  and  are  hyperemic. 

Enteromycosis  bacteritica  is  a  general  term  applied  to  certain  infec- 
tions of  the  intestine  depending  upon  various  bacteria  which  are  not  in  a 
proper  sense  specific.  Cases  of  meat-poisoning  or  "  bofulismus"  from  infected 
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meat  come  in  this  category.  The  lesions  vary,  sometimes  being  simple 
catarrhal,  sometinies  croupous  or  diphtheritic,  and  sometimes  ulcerative  in 
character.  Ziegler  says  that  some  of  the  lesions  are  like  those  of  anthrax ; 
others  are  like  typhoid. 

TUMORS  OF  THE  INTESTINE. 

The  connective-tissue  tumors  of  the  intestine  are  of  infrequent 
occurrence  and  of  little  importance.  Occasionally  they  may  become  large 
enough  to  cause  obstruction.  Pedunculated  tumors  may  have  a  kind  of  ball- 
valve  action.  Rarely  by  rupture  of  the  pedicle  the  tumor  may  be  passed 
from  the  bowel.  Usually,  however,  the  pedunculated  tumors  are  external 
and  dangle  in  the  peritoneal  cavity.  The  greater  number  of  the  connective- 
tissue  tumors  spring  from  the  submucosa.  Myoma,  lipoma,  zx^d.  fibroma  form 
more  or  less  rounded  nodular  tumors.  They  may  be  single  or  multiple. 
When  single,  they  occasionally  reach  the  size  of  an  apple  and  cause  obstruc- 
tion and  even  invagination. 

Angiomata  are  sometimes  observed  upon  the  serous  surface  of  the  intes- 
tine. Dilatation  of  the  lacteal  vessels  with  the  formation  of  cysts  sometimes 
appears  as  a  tumor-like  mass  which  is  known  as  chylangioma. 

A  peculiar  tumor  known  as  enterocystoma  is  occasionally  seen  in  con- 
nection with  the  intestine,  and  seems  to  result  from  the  exclusion  of  fetal 
fragments  in  the  process  of  development. 

Multiple  cysts  of  the  intestinal  mucous  membrane  seem  to  depend  upon 
obstruction  of  the  lymphatic  vessels. 

Sarcoma  of  the  intestine  is  quite  rare.  The  tumor  seems  to  develop  from 
the  submucosa,  and  spreads  rapidly,  elevating  the  mucosa,  but  not  causing 
stenosis.  Round-cell  sarcoma  is  the  usual  primary  form.  Sarcoma  is  some- 
times with  difficulty  differentiated  from  the  lymphatic  enlargements  of  the 
intestine  seen  in  leukemia  and  Hodgkin's  disease. 

Endothelioma  of  the  peritoneum  starting  in  the  omentum  not  infre- 
quently invades  the  intestinal  serosa. 

Secondary  sarcoma  sometimes  occurs  in  the  mucosa  and  submucosa  in 
the  form  of  single  or  multiple  nodules.  In  cases  of  peritoneal  sarcomatosis 
the  serosa  may  be  studded  over  with  small  secondary  nodules. 

Primary  epithelial  tumors  of  the  intestine  are  more  important  and 
not  infrequently  cause  death  by  obstipation. 

Polypi  of  adenomatous  structure,  and  easily  mistaken  for  papillomata,  are 
of  frequent  occurrence  as  a  result  of  inflammatory  disease.  They  occur 
in  the  duodenum,  in  the  neighborhood  of  the  ileocecal  valve,  and  in  the 
rectum,  near  where  the  cylindric  cells  end  and  the  squamous  epithelium 
begins.  They  are  usually  small,  soft,  pinkish,  multiple,  and  pedunculated. 
When  examined  microscopically,  they  are  found  to  consist  of  a  delicate 
stroma  filled  with  mucous  glands.  These  little  bodies  probably  have  an 
inflammatory  origin  and  result  from  the  outgrowth  of  projecting  shreds  and 
islands  of  mucosa  in  the  cicatrization  of  ulcers,  etc.  It  is  uncertain  that 
they  are  related  to  the  true  papilloma,  the  adenoma,  or  the  cancer. 

Adenoma. — This  tumor  occurs  infrequently  either  as  the  diffuse  adenoma 
or  \h&  polypoid  adenoma.  The  form  is  usually  seen  in  the  lower  part  of  the 
rectum,  where  it  not  infrequently  forms  a  circumferential  growth  made  up 
of  proliferated  Lieberkiihn's  glands. 

The  polypoid  adenoma  or  soft  papilloma  is  a  pedunculated  or  sessile,  cir- 
■  cumscribed  growth  from  the  mucosa,  covered  all  over  with  a  cauliflower-like 
mass  of  villous  projections,  while  the  solid  part  consists  of  proliferations  of 
the  mucous  glands.     This  form  is  also  most  frequent  in  the  rectum.     The 
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tumor  is  delicately  nourished  and  apt  to  be  injured  by  passing  feces,  so  that 
portions  of  it  are  occasionally  separated  and  discharged  with  the  feces. 
When  abraded,  the  tumor  is  apt  to  bleed  slightly. 

Carcinoma. — The  intestinal  carcinoma  is  a  cylindric  epithelioma.  The 
tumor  is  most  frequent  at  the  cecum,  the  hepatic,  splenic,  or  sigmoid  flex- 
ure. It  usually  forms  an  annular  mass,  which  is,  as  a  rule,  dense,  firm,  and 
contracted,  so  as  greatly  to  diminish  the  lumen  of  the  organ. 

It  may  be  difficult  to  recognize  the  growth  as  a  tumor,  as  it  closely  re- 
sembles a  simple  fibrous  ring.  When  the  intestine  is  opened  and  examined, 
the  tumor  appears  as  an  ulceration  which  is  cicatricial,  contracted,  and  dis- 
tinctly scirrhous  in  nature.  When  the  tissue  is  studied  microscopically,  very 
few  epithelial  elements  may  be  found,  acini  here  and  there,  lined  irregularly 
by  columnar  epithelium,  alone  indicating  the  nature  of  the  affection.  Metas- 
tases are  infrequent  in  tumors  of  this  class,  life  being  brought  to  an  end 
through  the  obstruction  of  the  intestine. 

Soft  Intestinal  Carcinoma. — In  other  cases  the  tumor  may  be  quite  soft, 
and  form  projecting  fungous  masses,  circumscribed,  sessile,  and  nodular. 
The  wall  of  the  intestine  becomes  infiltrated  and  stiffened,  but  there  is  no 
cicatricial  contraction.  Tumors  of  this  variety  not  infrequently  soften  and 
ulcerate,  leaving  extensive  denuded  surfaces  which  cicatrize  more  or  less 
irregularly.  When  metastasis  occurs,  the  lymphatic  glands,  peritoneum,  and 
liver  are  usually  affected. 

The  soft  carcinoma  is  apt  to  occur  in  the  duodenum  at  about  the  point 
of  entrance  of  the  ductus  communis  choledochus.  They  are  also  rather  fre- 
quent in  the  rectum. 

The  intestinal  carcinoma  is  prone  to  undergo  mucoid  and  colloid  degen- 
eration— carcinoma  intestinalis  meduUare  mucosum  or  gelatinosum. 

Microscopically,  all  the  intestinal  cancers  are  adenocarcinomata  of  the 
form  known  as  cylindric  epithelioma. 

The  medullary  cancer  forms  a  large,  soft,  whitish,  spongy  tumor,  forming 
a  perfect  contrast  to  the  tightly  contracted  scirrhus  first  described. 

Squamous  epithelioma  is  of  rather  frequent  occurrence  at  the  anus. 

Parasites  of  the  Intestine. — The  great  majority  of  the  animal  para- 
sites spend  at  least  a  part  of  their  life-history  in  the  intestine.  Thus,  of  the 
round- worms,  the  Ascaris  lumbricoides,  Oxyuris  vermicularis,  Trichocephalus 
dispar,  Anguillula  intestinalis  and  stercoralis,  and  Eustrongylus  gigas;  of 
the  sucking  worms,  Uncinaria  duodenalis ;  and  of  the  tape-worms,  Taenia 
soliuni.  Taenia  saginata,  Bothriocephalus  latus,  and  Taenia  echinococcus,  may 
be  mentioned. 

For  the  consideration  of  the  life-history  of  these  worms  reference  should 
be  made  to  the  section  upon  Parasites. 

Hemorrhoids  or  piles  are  small  tumors  of  the  anal  and  rectal  mucous 
membrane  which  are  formed  by  vascular  dilatation. 

They  occur  in  sedentary  persons  of  constipated  habit,  and  are  about 
equally  frequent  in  men  and  women.  Heredity  sometinxes  predisposes  to 
them,  but  venous  obstruction  from  cirrhosis  of  the  liver,  disease  of  the 
heart,  frequent  pregnancy,  displacement  of  the  pelvic  organs,  etc.,  are  the 
chief  causes. 

Keen  and  White  regard  the  erect  position  of  the  human  body  and  the 
absence  of  valves  from  the  hemorrhoidal  veins  as  the  chief  predisposing 
causes  of  hemorrhoids. 

They  are  clinically  known  as  external  and  internal  hemorrhoids  according 
to  their  relation  to  the  sphincter  muscle. 

According  to  their  structure,  they  are  divided  into  cutaneous,  venous, 
columnar,  and  nevoid. 
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Cutaneous  hemorrhoids  consist  of  folds  of  the  skin  about  the  anus,  which 
become  pendulous  and  pedunculated  through  hyperplasia  of  connective  tissue 
about  the  subjacent  veins.  They  usually  occasion  no  trouble,  though  they 
may  become  inflamed. 

Venous  hemorrhoids  are  dilated  superficial  veins  which  make  their  appear- 
ance just  external  to  the  sphincter  muscle  by  a  slight  eversion  of  the  mucous 
membrane.  They  often  become  large,  hard,  tense,  and  painful,  and  appear 
as  bluish,  rounded  tumors.  Ordinarily  the  blood  caia  be  expressed  by  pres- 
sure. Thrombosis  not  infrequendy  takes  place  in  the  tumor,  which  may 
become  infected  and  suppurate  or  undergo  organization. 

Colutnnar  hemorrhoids  form  within  the  sphincter.  They  are  covered  with 
the  mucous  membrane  of  the  rectum,  and  are  bright  red  in  color,  contain 
both  venous  and  arterial  vessels,  and  pulsate. 

Nevoid  hemorrhoids  occur  high  up  in  the  rectum  as  spongy-looking, 
rounded,  bright-red  tumors  of  small  size.  They  are  formed  of  both  arteries 
and  veins  and  bleed  freely. 

Further  consideration  of  the  subject  will  be  found  under  Phlebectasia. 

DISEASES  OF  THE  LIVER. 

Congenital  Kalfonnatlons  of  the  Liver. — Congenital  absence  of  the  liver  is  very  rare, 
and  is  seen  only  in  acardiac  monsters.  Only  one  case  is  on  record  in  which  the  liver  wras 
absent  when  the  other  digestive  organs  were  present  in  anything  approximating  a  perfect 
condition. 

The  congenital  malformations  of  the  liver  are  rarely  of  much  importance.  There  may  be 
too  few  or  too  many  lobes  ;  the  lobes  may  be  entirely  separated  from  one  another ;  the  gall- 
bladder may  be  absent,  and  there  may  be  accessory  livers.  The  latter  are  usually  detached 
fragments  of  hepatic  tissue  which  have  grown  to  perfection  near  by,  but  not  joined  to,  the 
parent  organ. 

In  cases  of  reversed  viscera  the  liver  may  be  upon  the  left  instead  of  the  right  side  of  the 
abdomen. 

Occasional  rare  cases  of  thoracic  hernia  of  the  liver  are  on  record. 

Acquired  malformations  of  the  liver  are  more  frequent,  that  best  known  resulting  from 
the  pressure  of  the  edge  of  the  thoracic  wall  upon  the  liver  as  a  result  of  "  tight  lacing."  It 
causes  a  deep  notch  upon  the  anterior-superior  surface  of  the  organ.  The  hepatic  tissue  sub- 
jected to  pressure  has  undergone  atrophy  and  disappeared,  leaving  the  fibrous  tissue,  which 
appears  as  a  pale-colored  band  of  almost  tendinous  consistence.  The  notch  may  be  so  deep 
as  almost  to  divide  the  organ. 

In  rare  cases  an  unusual  relaxation  of  the  ligaments  of  the  liver  gives  it  an  abnormal 
degree  of  mobility,  so  that  it  may  descend  in  the  abdominal  cavity  and  have  its  normal  rela- 
tions entirely  changed.  Such  cases  are  more  frequent  in  women  than  in  men,  and  are  de- 
scribed as  "  floating  liver." 

Anemia  of  the  liver  may  occur  in  general  anemia,  or  may  depend  upon 
ischemia  from  the  pressure  of  neoplasms,  displaced  organs,  etc.  Swelling  of 
the  liver-cells  may  also  produce  anemia  by  closing  contiguous  capillaries. 
The  anemic  tissue  is  pale,  and  from  the  presence  of  small  amounts  of  fat  and 
bile-pigment  may  be  yellowish  or  grayish-yellow.  It  may  appear  brownish 
in  color  when  considerable  pigmentation  is  present.  When  the  anemic  organ 
is  incised,  little  or  no  blood  escapes  from  the  cut  surface. 

Hyperemia  of  the  liver  is  very  frequent  both  as  a  physiologic  and 
pathologic  process.  Physiologic  hyperemia  is  seen  after  meals.  Pathologic 
hyperemia  may  be  local,  as  in  the  neighborhood  of  areas  of  inflammation, 
etc.,  but  it  is  usually  a  general  process  causing  the  entire  organ  to  appear 
enlarged,  slightly  softened,  and  dark  blue-red  or  brown-red  in  color.  When 
incised,  blood  escapes  from  the  tissue.  It  is  seen  in  the  course  of  the  specific 
infectious  diseases,  in  certain  toxic  conditions,  and  in  the  inflammatory  dis- 
eases of  the  liver. 

Passive  hyperemia  or  chronic  congestion  of  the  liver  depends  upon  in- 
ability of  the  blood  to  escape  from  the  vena  cava  into  the  heart.  It  is  to  be 
expected  in  all  cases  of  valvular  heart  disease,  in  all  diseases  interfering  with 
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the  pulmonary  circulation, — emphysema,  chronic  tuberculosis,  etc., — and 
in  neoplasms  pressing  upon  the  vena  cava. 

The  liver  is  enlarged  and  rich  in  blood  in  the  early  stages,  and  not  infre- 
quently shows  the  beautiful  lobular  mottling  known  as  "nutmeg  liver,''  in 
which  the  congestion  of  the  central  vein  of  the  lobule  contrasts  with  the 
paler  surrounding  zone. 

If  the  condition  persists  for  considerable  time,  the  appearances  change, 
because  of  atrophy  of  the  parenchyma  of  the  organ.  The  liver  becomes 
uneven  on  the  surface,  more  than  normally  resistant  to  the  knife,  shows  a 
very  marked  nutmeg  appearance  of  the  cut  surface,  and  has  a  paler  color 
than  before.     It  is  spoken  of  as  (yanotic  induration. 

When  the  tissue  is  examined  microscopically,  the  central  vein  and  its 
system  of  capillaries  are  found  to  be  greatly  dilated,  full  of  blood,  and  the 
surrounding  liver-cells  in  a  condition  of  pressure-atrophy.  So  marked  may 
the  changes  become  that  the  entire  capillary  network  of  the  lobule  may 
be  dilated  and  the  entire  parenchyma  more  or  less  atrophic.  The  atrophic 
cells  are  always  most  numerous  in  the  center  of  the  lobule.  They  have  a 
shrunken,  compressed  appearance,  and  their  protoplasm  contains  numerous 
yellowish  or  brownish  pigment-granules  in  addition  to  globules  of  fat.  In 
chronic  cases  many  of  the  liver-cells  are  destroyed  and  their  position  indi- 
cated only  by  groups  of  pigment-granules. 

The  term  red  atrophy  is  applied  to  cases  of  passive  congestion  and  atrophy 
with  the  deposition  of  pigment-granules  resulting  from  blood  destruction  and 
the  liberation  of  pigment. 

The  connective  tissue  of  the  liver  rarely  escapes  proliferative  changes,  and 
about  the  portal  vessels  it  is  usual  to  find  more  or  less  round-cell  infiltration 
and  tissue  hyperplasia. 

Birch-Hirschfeld  describes  the  naked-eye  appearance  of  the  nutmeg  liver 
of  passive  congestion  thus:  "The  described  dilatation  of  the  central  vein 
and  its  adjacent  capillaries  produces  a  red  central  zone  in  the  lobule ;  next 
comes  a  zone  in  which  atrophic,  pigmented  liver-cells  remaining  between  the 
dilated  capillary  ve.ssels  cause  a  brownish  color ;  still  further  toward  the 
periphery  of  the  lobule  is  a  pale-yellow  zone  of  fatty  degeneration  of  the 
liver-cells  with  bile  stasis,  upon  which  the  thickened  periportal  connective 
tissue  produces  a  delicate  grayish  covering. ' ' 

Obstruction  of  the  hepatic  circulation  by  thrombosis,  embolism, 
and  endarteritis  may  be  important  according  to  the  magnitude  of  the  vessel 
obstructed.  Thus,  when  the  portal  vein  is  closed  by  thrombosis,  total  cessa- 
tion of  bile  secretion  occurs,  together  with  retention  of  blood  in  the  portal 
system,  and  is  frequently  fatal. 

The  arterial  anastomoses  between  the  hepatic  artery  and  the  arteria  coro- 
naria  ventriculi  dextra,  arteria  gastroduodenalis,  diaphragmatic,  and  other 
arteries  are  so  perfect  that  arterial  embolism  may  occur  without  important 
changes.  That  the  liver  is  dependent  upon  the  nourishment  obtained  from 
these  vessels  and  cannot  be  supported  by  the  portal  blood  alone  has  been 
proved  by  Cohnheini  and  others,  who  found  that  when  all  the  arteries  of  the 
organ  were  tied,  rapid  necrosis  resulted. 

When  life  persists  after  portal  thrombosis,  the  arteries  of  the  liver  are  able 
to  support  its  structure  quite  perfectly.  There  are,  however,  in  these  cases, 
necrotic  areas,  distributed  more  or  less  numerously  throughout  the  organ,  but 
these  are  usually  dependent  upon  infectious  emboli  from  the  portal  system 
rather  than  upon  lack  of  nutriment. 

Because  of  the  rich  anastomoses  of  the  hepatic  vessels,  hemorrhagic  and 
anemic  infarctions  are  practically  unknown  in  the  liver. 

Hemorrhage  in  the  liver  is  seen  in  severe  infections  and  in  intoxi- 
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cations,  also  in  purpura  hsemorrhagica,  and  sometimes  in  thrombosis  of  the 
hepatic  veins. 

INFILTRATIONS  AND  DEGENERATIONS  OF  THE  LIVER. 

Pigmentation  of  the  hepatic  tissue  is  frequent  as  the  result  of — 
(i)  Insufficient  transformation  of  the  blood-pigment  into  bile-pigment;  (2) 
retention  of  the  bile  or  excessive  blood  destruction,  as  in  pernicious  anemia 
and  similar  diseases,  in  which  the  destruction  of  blood  corpuscles  seems  to 
liberate  more  pigment  than  the  liver  is  able  to  destroy  or  transform ;  (3)  it 
may  also  depend  upon  materials  carried  to  the  liver  by  the  blood  and  depos- 
ited in  its  capillaries,  etc.,  as  in  malaria  and  anthracosis. 

1.  Incomplete  transformation  of  blood-pigment  into  biliary  pigment  is 
seen  in  nearly  all  forms  of  hepatic  disease.  It  is  rare  in  the  normal  liver. 
The  condition  is  almost  invariable  in  chronic  congestion,  amyloid  disease, 
cirrhosis,  and  the  cachectic  conditions.  The  pigment  occurs  in  the  form  of 
dark-brown,  irregular-sized  granules,  which  are  found  in  the  liver-cells,  in  the 
capillaries,  and  their  surroundings.  They  are  most  numerous  in  the  periportal 
zone  and  in  the  center  of  the  lobule.  When  the  granules  occur  in  the  liver- 
cells  themselves,  they  usually  occupy  a  position  in  their  columns  which  sug- 
gests a  distinct  proximity  to  the  fine  capillary  bile-ducts. 

The  pigment  usually  found  is  hemosiderin.  It  gives  the  blue  color  reac- 
tion with  chemically  pure  sulphuric  acid  and  ferrocyanid  of  potassium. 

In  pernicious  anemia,  etc.,  the  iron  containing  granules  are  most  nume- 
rous in  the  peripheral  zone  of  the  liver  lobules. 

2.  Retention  of  the  biliary  secretion  is  associated  with  an  impregnation  of 
the  liver-cells  with  the  bile  by  which  a  dark  yellowish-green  or  dark  green- 
ish-black color  is  imparted  to  them.  In  marked  cases  the  pigment  also 
collects  in  the  form  of  concretions  and  iri'egular  granular  masses  in  the  bile- 
capillaries.  The  biliary  pigmentation  is  most  marked  in  the  central  zone 
of  the  lobule. 

3.  The  granules  of  melanin  resulting  from  the  blood  destruction  in  mala- 
ria and  the  soot  particles  of  anthracosis,  when  carried  to  the  liver  by  the 
blood,  are  not  retained  in  the  liver-cells,  but  are  collected  in  the  walls  of  the 
capillaries,  where  they  appear  between  the  fibers  of  the  periportal  connective 
tissue. 

Fatty  infiltration  of  the  liver  is  one  of  the  most  frequent  changes. 
It  occurs  in  normal  individuals  after  hearty  meals  in  which  considerable  fat 
has  been  taken,  in  healthy,  overnourished  individuals,  in  obesity,  and  in 
marasmatic  individuals,  chronic  tuberculosis,  and  drunkards.  In  the  former 
cases  the  infiltration  probably  signifies  nothing  more  than  that  the  metabolic 
functions  have  not  yet  succeeded  in  disposing  of  the  excessive  fat  supply. 
In  the  latter  case  it  probably  indicates  a  profound  error  of  nutrition,  by 
which  the  fat  which  is  abstracted  from  the  tissues  is  retained  in  the  liver 
pending  its  combustion. 

The  morbid  anatomy  of  fatty  infiltration  is' exceedingly  simple.  The  liver 
is  enlarged,  sometimes  to  an  enormous  extent.  It  is  yellow  in  color  and  is 
sometimes  beautifully  marked — "nutmeg  liver  " — by  alternations  of  the  fatty 
and  normal  tissue  in  each  lobule.  When  the  organ  is  incised,  oil  escapes  and 
soils  the  knife  and  hands.  The  tissue  is  somewhat  friable.  When  the  cut 
surface  is  inspected,  it  may  appear  uniformly  yellow  when  all  the  cells  are 
infiltrated,  or  each  lobule  may  be  made  conspicuous  by  a  bright  yellow 
periphery  surrounding  a  darker  normal  or  congested  center. 

Histology. — The  fat  is  deposited  within  the  liver-cells  in  the  form  of  small 
droplets  which  soon  coalesce  and  form  larger  droplets,  which  may  become  so 
large  as  to  distend  the  cytoplasm  into  an  attenuated  surrounding  envelope. 
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The  nucleus  is  pushed  aside,  and  is  often  compressed  by  the  fat -drop,  causing 
the  cells  to  have  the  "seal-ring"  appearance  already  described.  The 
nucleus  does  not  appear  to  suffer  much,  and  there  is  little  reason  for  think- 
ing that  except  in  extreme  cases  the  function  of  the  cell  is  much  interfered 
with. 

The  infiltration  begins  in  the  peripheral  zone  of  the  lobule,  near  the  peri- 
portal connective  tissue,  and  spreads  inward.  It  may  affect  only  a  narrow 
zone  of  cells  or  may  involve  every  visible  cell. 

It  is  likely  that  fatty  infiltration  of  the  liver  can  readily  recover.  The 
fatty  liver  is  apt  to  show  some  hematogenous  pigmentation,  which  may  indi- 
cate that  its  function  of  transforming  hemoglobin  into  bilirubin  is  disturbed. 

Fatty  metamorphosis  of  the  liver  is  less  frequent.  It  is  not  always 
easy  to  differentiate  from  the  fatty  infiltration.     It  is  found  in  some  of  the 


Fig.  257. — Fatty  infiltration  of  the  liver  :  a.  Periportal  connective  tissue ;  b,  fat-drops 

in  liver-cells. 

primary  essential  anemias, — pernicious  anemia, — in  various  intoxications, 
such  as  phosphorus  and  arsenic,  is  seen  in  some  of  the  severe  infections 
(yellow  fever),  and  gives  its  most  typical  picture  in  the.  peculiar  and  not 
clearly  understood  disease  known  as  ' '  acute  yellow  atrophy  of  the  liver. ' ' 
It  is  in  this  disease  that  the  most  extreme  fatty  metamorphosis  of  the  liver 
is  seen.  It  may,  therefore,  be  taken  as  a  type  of  the  process,  although  it  is 
not  purely  a  disease  of  the  liver,  seeming  to  be  an  infectious  or  toxic  affec- 
tion with  fatty  destruction  of  various  internal  organs,  the  liver  being  the 
organ  most  seriously  affected.  The  liver  is  much  reduced  in  size,  and  thin 
and  sharp  at  the  edges.  It  may  be  but  little  larger  than  a  man's  hand.  It 
is  soft  and  flabby,  and  yields  to  pressure,  like  putty.  It  is  yellow  or  ochre- 
colored,  and  rarely  has  the  sulphur-yellow  color  of  the  fatty  infiltrated  liver. 
This  is  probably  because  icterus  is  a  symptom  of  the  disease,  and  biliary 
staining  of  the  tissue  is  associated  with  it. 
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When  the  liver  is  incised,  the  yellow  color  is  usually  quite  uniform,  though 
it  may  be  irregularly  distributed  in  streaks.  In  some  areas  the  liver  tissue 
seems  to  have  almost  melted  away,  while  in  others  it  is  firmer  and  has  a  more 
normal  color.  Because  of  their  firmness  the  more  normal  areas  seem  to  pro- 
ject from  the  cut  surface.  Oil  runs  out  over  the  knife  and  fingers  and  drips 
from  the  specimen.  It  is  easy  to  comprehend  how  fatty  metamorphosis  of 
the  cells,  the  subsequent  removal  of  the  fat,  and  the  consequent  loss  of  sub- 
stance all  contribute  to  diminish  the  size  of  the  liver. 

When  examined  microscopically,  most  of  the  cells  are  found  to  be  in  a 
condition  of  advanced  fatty  metamorphosis.  The  cells  contain  small  and 
large  fat-droplets,  which  not  infrequently  coalesce  to  form  larger  drops,  such 
as  are  seen  in  fatty  infiltration.  The  outcome  of  the  process  is  the  complete 
destruction  of  the  tissue.  McPhedran  and  MacCallum,  in  a  case  that  they 
studied,  make  special  mention  of  an  increase  of  the  bile-capillaries.  These 
little  tubules  became  extremely  conspicuous  and  were  very  numerous.  It  is 
not  kijpwn  whether  they  really  proliferate  or  whether  the  destruction  of  the 


Fig.  258. — Fatty  degeneration  of  the  liver  (taken  from  a  case  of  phosphorus-poisoning). 
The  cells  are  indistinct  and  are  filled  with  small  deposits  of  fat  (Oc.  2 ;  ob.  9). 


liver-cells  and  the  subsequent  condensation  of  tissue  cause  them  to  be 
more  closely  approximated  and  more  readily  seen  than  before.  Numerous 
leukocytes  invade  the  degenerated  tissue  and  pick  up  the  fatty  molecules 
which  are  liberated. 

The  cause  of  acute  yellow  atrophy  of  the  liver  is  unknown.  Many  regard 
it  as  infectious,  Stroebe  thinking  that  it  depends  upon  bacteria  of  the  colon 
group.  Ziegler  considers  it,  like  arsenical  and  phosphorus  poisonings,  to 
depend  upon  some  poison  absorbed  from  the  intestine. 

The  disease  has  been  observed  more  frequently  in  women  than  in  men. 
It  has  been  seen  after  infectious  diseases  and  after  traumatic  or  puerperal 
sepsis  and  syphilis.     It  may,  however,  develop  suddenly  in  hpalthy  persons. 

The  degenerative  process  seems  to  occur  first  in  the  peripheral  zone  of  the 
lobule  and  spread  toward  the  center.  This  would  be  in  favor  of  the  etiologic 
agent  entering  with  the  portal  blood. 

In  some  cases  the  shi'unken  atrophic  liver  after  death  is  found  to  be  much 
congested,  and  is  spoken  of  as  red  atrophy  instead  of  as  yellow  atrophy. 
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The  disease  is  nearly  always  rapidly  fatal.  When  death  is  delayed,  it  is 
found  that  there  are  remnants  of  normal  tissue,  seemingly  uninvolved  in  the 
process,  which  were  able  for  a  time  to  continue  a  compensatory  function.  °  If 
the  patient  recovers,  the  liver  subsequently  presents  a  peculiar  appearance,  the 
normal  tissue  alternating  with  the  depressed  destroyed  areas,  giving  the  organ 
a  nodular,  irregular  appearance  easily  mistaken  for  cirrhosis. 

The  fatty  livers  of  phosphoi~us  and  arsenical  poisonings  closely  resemble 
those  of  acute  yellow  atrophy. 

The  liver  ol  yellow  fever  is  characterized  by  a  "box-wood"  color  and 
appearance.  It  may,  however,  be  dark  or  even  brownish  in  color.  It  is 
invariably  fatty  degenerated  and  necrotic.  According  to  Birch-Hirschfeld, 
the  changes  in  the  liver  are  essentially  identical  with  those  of  acute  yellow 
atrophy  in  its  early  stages. 

Amyloid  Disease  of  the  Liver. — Amyloid  disease  of  the  liver 
occurs  in  tuberculosis,  chronic  suppurations,  decubitus,  etc. 
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Fig.  259. — Amyloid  degeneration  of  the  liver :  a,  Amyloid  masses ;  h,  liver-cells  (Oc.  2 ;  ob.  9). 


The  liver  is  enlarged,  and  in  extreme  .  cases  may  be  of  enormous  size.  It 
is  unchanged  in  color,  and  has  a  smooth  surface,  with  rounded  edges.  There 
is  a  peculiar  and  characteristic  translucency  about  the  tissue,  which  is  less 
elastic  than  normal  and  remains  pitted  when  pressed  with  the  finger.  The 
cut  surface  has  a  peculiar  glassy  appearance,  and  the  tissue  seems  to  be 
unusually  homogeneous. 

In  doubtful  cases  the  application  of  Lugol's  solution  to  a  thin  slice  of  the 
tissue  should  develop  the  characteristic  color. 

When  studied  microscopically,  the  disease  is  seen  to  occur  first  in  the 
peripheral  and  intermediate  zones  of  the  lobules.  The  walls  of  the  capilla- 
ries, which  are  first  affected,  appear  to  contain  amyloid  masses  which  destroy 
the  endothelium,  and  by  internal  projection  obstruct  the  vessel,  and  by  out- 
ward projection  press  upon  and  compromise  the  vitality  of  the  liver-cells, 
many  of  which  disappear  by  atrophy.     The  amyloid  process  continues  its 
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invasion  along  the  capillaries  and  intermediate  connective  tissue  until  large 
homogeneous  areas  are  formed.  In  and  between  these  a  few  atrophic  liver- 
cells  are  seen  here  and  there.  The  liver-cells  are  functional  as  long  as  they 
are  not  destroyed  by  atrophy,  so  that  the  function  of  the  amyloid  liver  is 
retained  until  quite  late.     All  grades  of  the  disease  are  seen. 

Fatty  infiltration,  pigmentation,  and  bile  stasis  occasionally  occur  with 
amyloid.  In  cases  of  combined  advanced  fatty  and  amyloid  liver  the  organ 
may  appear  mottled,  with  alternating  gray  and  yellow  patches. 

Parenchymatous  Degeneration  of  the  Liver. — Cloudy  swelling, 
or  parenchymatous  degeneration  of  the  liver,  is  seen  in  most  of  the  infectious 
diseases  and  in  various  intoxications.  It  is  spoken  of  by  some  writers  as 
acute  parenchymatous  inflammation  of  the  organ.  The  changes  are  simple. 
To  the  naked  eye  the  liver  is  slightly  increased  in  size  and  somewhat  con- 
gested. It  may  appear  anemic  if  the  cells  are  much  swollen,  and  then  has 
a  grayish  color  instead  of  the  normal  dark  red.  The  tissue  feels  somewhat 
elastic,  but  when  cut,  is  soft  and  lacerable. 

When  examined  microscopically,  the  cells  present  the  characteristic 
granular  appearances  of  cloudy  swelling. 

The  regularity  with  which  parenchymatous  degeneration  of  the  liver 
accompanies  the  infectious  diseases  suggests  that  it  readily  recovers  when  the 
cause  is  removed. 

Glycogenic  Infiltration  of  the  Liver. — This  condition  occurs  in 
diabetes  and  other  forms  of  glycohemia.  The  glycogen  is  present  as  clear 
drops  in  the  liver-cells,  chieily  in  those  of  the  peripheral  zone  of  the  lobule. 
It  cannot  be  recognized  with  the  naked  eye,  but  can  be  demonstrated 
microscopically  by  the  use  of  the  proper  reagents  (glycogenic  infiltration) 
in  tissues  that  have  been  properly  preserved.  It  can  be  mistaken  for  fatty 
infiltration  in  badly  prepared  specimens. 

Atrophy  of  the  Liver. — Atrophy  of  the  liver  is  a  rare  primary  con- 
dition which  depends  upon  local  anemia  or  marasmus.  As  a  secondary  con- 
dition it  is  quite  frequent,  and  may  depend  upon  internal  or  external  causes, 
which,  however,  nearly  all  operate  through  pressure.  Thus,  the  pressure 
exerted  upon  the  liver  by  the  margin  of  the  costal  cartilages  in  tight  lacing, 
the  contracting  cicatricial  bands  in  cirrhosis,  etc.,  all  press  upon  the  paren- 
chyma of  the  organ  and  cause  its  atrophy.  In  amyloid  disease  it  is  pressure 
upon  the  liver-cells,  combined  with  malnutrition,  that  brings  about  atrophy 
of  the  parenchyma. 

The  result  of  atrophy  is  diminution  in  size.  The  organ  may  be  but  one- 
half  its  normal  size. 

The  atrophic  cells,  when  examined  microscopically,  appear  flattened, 
attenuated,  granular,  and  pigmented.  Occasionally  they  contain  fatty 
granules.  The  nucleus  is  retained  for  a  time,  but  finally  disappears  with  the 
formation  of  distributed  chromatin  granules. 

The  hepatic  tissue  also  has  a  tendency  to  undergo  simple  atrophy  in  old 
age. 

Hypertrophy  of  the  whole  liver  probably  does  not  occur.  Compensa- 
tory hypertrophy  of  certain  parts  may  occur  in  consequence  of  various  patho- 
logic processes. 

Leukemic  Infiltration  of  the  Liver. — In  leukemia  the  hver  is  sub- 
ject to  an  invasion  of  leukocytes  which  leave  the  blood  vessels  and  seem  to 
proliferate  in  the  tissue.  The  leukocytes  abound  in  the  periportal  connective 
tissue,  and  sometimes  also  occur  in  considerable  numbers  near  the  center  of 
the  lobule.  The  distribution  of  the  cells  is  too  regular  and  uniform  to  be 
mistaken  for  infection. 
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INFLAMMATION  OF  THE  LIVER. 

The  acute  interstitial  inflammation  of  the  liver  depends  upon  the 
presence  of  micro-organisms  in  the  hepatic  tissue.  Nearly  all  the  hepatic 
inflammations  are  secondary  to  diseases  of  the  stomach,  intestines,  heart,  etc. 
They  are  always  suppurative  in  character,  and  the  extent  and  duration  of 
the  process  are  always  in  keeping  with  the  nature  of  the  infection. 

According  to  Schmaus,  there  are  five  avenues  by  which  bacteria  may  enter 
the  liver : 

1.  The  Portal  Vein. — In  all  cases  of  ulcerative  diseases  of  the  stomach 
and  intestine  with  tissue  denudation  it  is  possible  for  bacteria  to  enter  the 
portal  vein  and  be  carried  to  the  liver. 

2.  The  Hepatic  Artery. — This  vessel  is  rarely  the  cause  of  septic  infec- 
tion, but  there  are  cases  of  malignant  endocarditis  in  which  embolism  of 
this  artery  is  known  to  lead  to  abscess  of  the  liver. 

3.  The  hepatic  veins  are  sometimes  the  collecting  place  of  micro-organ- 
isms which  are  able  to  pass  through  the  capillaries,  but  which  remain  in  the 
veins,  causing  hepatophlebitis,  and  sometimes  thrombosis  of  the  vena  cava. 
The  extension  of  the  phlebitis  to  the  smaller  vessels  is  followed  by  suppura- 
tion. 

4.  The  umbilical  vein  of  newly  born  infants  is  an  avenue  of  entrance 
along  which  bacteria  can  pass  to  the  liver. 

5.  The  bile-ducts  are  not  infrequently  invaded  by  bacteria,  which  lead  to 
obstruction,  ulceration,  calculus  formation,  etc. 

No  matter  how  pyogenic  bacteria  reach  the  liver,  they  sooner  or  later 
cause  suppuration.  There  may  be  a  single  or  several  large  abscesses,  or  there 
may  be  innumerable  minute  abscesses,  some  of  which  are  discoverable  only 
with  the  aid  of  a  microscope. 

The  micro-organismal  emboli  lodging  within  the  capillaries  originate  in 
the  foci  of  suppuration. 

In  thrombophlebitis  or  pylephlebitis  the  diseased  areas  correspond  to  the 
course  and  distribution  of  the  respective  vessels,  and  may  be  traced  through 
the  liver  tissue  with  the  naked  eye,  as  softened,  creamy  lines  of  suppuration. 
When  due  to  portal  or  hepatic  embolism,  the  abscesses  develop  from  one 
or  several  foci,  and  may  become  so  large  that  the  entire  organ  is  threatened 
with  disorganization.  When  resulting  from  dysentery,  multitudes  of  minute 
miliary  suppurative  points  may  be  found  scattered  throughout  the  organ. 

The  small  abscesses  terminate  in  complete  recovery  by  absorption  unless 
their  number  be  so  great  as  to  cause  death  by  interrupting  the  hepatic  func- 
tion. Larger  abscesses,  in  which  considerable  tissue  is  destroyed,  may  rup- 
ture with  fatal  peritonitis  or  rupture  into  the  pleura,  causing  empyema,  or 
into  the  lung,  or  they  may  slowly  cicatrize  after  isolation  by  walls  of  granula- 
tion tissue. 

The  diseases  to  which  liver  abscesses  are  secondary  are  themselves  not  in- 
frequently fatal.  The  patient  with  a  large  hepatic  abscess  is  still  in  danger, 
however,  lest  the  abscess,  by  rupture  and  evacuation,  compromise  life.  •  The 
evacuation  may  occur  into  the  abdominal  cavity  or  externally.  Adhesions 
may  form  between  the  liver  and  diaphragm  and  others  between  the  lung  and 
pleura ;  when  this  happens,  it  is  possible  for  the  abscess  to  rupture  into  the 
pleura  or  into  the  lung,  so  as  to  evacuate  through  the  bronchial  tubes,  and 
that  liver-cells  still  in  a  recognizable  condition  may  be  found  in  the  expec- 
torated pus. 

A  single  large  abscess — tropical  abscess  of  the  liver — seems  to  be  caused 
by  the  Amoeba  coli,  which  enters  the  liver  during  dysentery.  It  may 
be,  however,  that  they  are  caused  by  bacteria  that  enter  with  or  independ- 
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ently  of  the  ameba.  These  abscesses  may  involve  nearly  the  entire  organ. 
They  usually  occur  in  the  right  lobe.  The  pus  which  they  contain  is  of  a 
grayish  or  pinkish  color,  and  of  a  gummy  consistence,  quite  unlike  ordinary 
pus.     The  walls  of  the  abscess  are  thick  and  necrotic. 

Chronic  Interstitial  Hepatitis  or  Cirrhosis  of  the  Liver. — Cir- 
rhosis is  a  common  disease  of  the  liver  characterized  by  hyperplasia  of  the 
connective  tissue,  chiefly  in  the  periportal  region,  which  develops  in  the 
form  of  bands  arid  septa  which,  by  gradual  contraction,  lead  to  atrophy  of 
the  organ. 

Etiology. — The  etiology  of  the  disease  is  in  doubt.  It  is  apparently  the 
result  of  prolonged  mild  irritation  of  the  tissue  elements  contiguous  to  the 
portal  vessels  by  some  irritant  conveyed  to  them  in  the  blood  of  the  portal 
vein.  The  most  frequent  of  these  seems  to  be  alcohol.  Cirrhosis  of  the 
liver  is  most  common  in  those  countries  and  among  those  peoples  where  the 
use  of  concentrated  alcoholic  stimulants  prevails  ("  Sauferleber "  of  the 
Germans). 

Syphilis  is  a  frequent  cause  of  the  affection,  but  the  cirrhosis  of  syphilis 
differs  from  the  ordinary  form. 

Gout  and  kindred  affections  are  put  down  as  causes,  but,  as  Eichhorst 
suggests,  they  are  usually  associated  with  alcoholism,  and  it  is  difficult  to 
eliminate  the  effect  of  alcohol  in  the  etiology  of  the  disease. 

Malaria  seems  to  be  an  occasional  cause  of  cirrhosis  of  the  liver,  especially 
in  Italy,  where  the  matter  was  investigated  by  Catani  and  Franco.  Of  36 
cases  studied  by  von  Frerichs,  14  per  cent,  seemed  to  depend  upon  malaria. 

Kline  observed  proliferative  changes  in  the  livers  of  children  dying  of 
scarlatina.  Osier  points  out  that  infectious  diseases  may  have  a  distinct 
bearing  upon  the  cases  of  cirrhosis  of  the  liver  in  childhood.  It  has  also 
been  noted  after  typhoid  fever. 

Rickets  is  said  sometimes  to  be  a  cause.  Anthracosis  causes  connective- 
tissue  proliferation  in  the  liver  as  well  as  in  other  organs. 

Biliary  obstruction  also  causes  a  well-characterized  form  of  the  disease. 

A  toxic  cirrhosis  resulting  from  phosphorus  poisoning  has  been  described 
by  Eichhart,  Wegener,  and  others. 

Obstruction  of  the  portal  vein  is  said  by  Botkin  and  Solowiefif  to  occasion 
changes  identical  with  cirrhosis,  but  as  cirrhosis  sometimes  causes  thrombosis 
of  the  portal  vein,  one  must  be  cautious  about  accepting  this  as  a  cause. 

Senile  atrophy  of  the  parenchyma  also  occasionally  produces  a  condition 
resembling  cirrhosis.     Many  cases  occur  without  discoverable  causes. 

An  interesting  statistical  study  of  cirrhosis  of  the  liver  was  made  in  Berlin 
by  Forster.  Of  3200  necropsies,  the  disease  was  discovered  31  times.  Of 
these,  24  were  in  men  and  7  in  women.  Between  the  first  and  twentieth 
years  of  life,  i  case  ;  between  thirty  and  forty  years,  4  cases ;  forty  and 
fifty  years,  10  cases;  fifty  and  sixty  years,  6  cases ;  sixty  and  seventy 
years,  4  cases ;  and  between  the  seventieth  and  eightieth  years,  i  case,  were 
noted. 

Morbid  Anatomy. — Pathologically,  the  disease  is  characterized  by  pro- 
liferation of  the  connective  tissue  of  the  liver,  contraction  and  atrophy  of 
its  cells,  more  or  less  round-cell  infiltration  of  the  interstitial  tissue,  and  pro- 
liferation of  the  bile-ducts.  Frequently  there  are  associated  pigmentation 
and  fatty  infiltration.  Two  forms  of  the  disease  are  described :  the  usual 
form,  which  may  be  characterized  as  hematogenous,  and  a  rare  form,  which 
follows  biliary  stasis,  hefatogenous .  The  first  form  is  supposed  to  depend 
upon  irritating  substances,  alcohol,  ptomains,  leukomains,  etc.,  brought  to 
the  liver  by  the  blood  of  the  portal  system  ;  the  second  form,  depending  upon 
the  irritating  effects  of  retained  bile. 
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The  hematogenous  cirrhosis  may  also  be  characterized  as — (i)  atrophic; 
(2)  hypertrophic. 

These  two  forms  are  quite  distinct  in  macroscopy  and  microscopy,  and 
are  not  different  stages  of  the  same  process,  as  will  be  made  clear  by  the 
descriptions  which  follow : 

I.  Atrophic  Cirrhosis  of  the  Liver  (Chronic  Interstitial  Hepatitis  ;  Drunk- 
ard's Liver;  Sauferleber;  Laennec's  Cirrhosis).— The  macroscopic  appear- 
ance of  the  organ  is  strikingly  characteristic.  It  is  reduced  in  size  according 
to  the  extent  and  duration  of  the  disease,  and  may  be  only  two-thirds  its 
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Fig.  260, — Chronic  indurating  cirrhosis  of  the  liver :  a,  Liver  lobule,  most  of  vi^hose  cells 
are  in  a  fatty  infiltrated  condition  ;  b,  greatly  hypertrophied  periportal  connective  tissue ; 
Cy  proliferated  bile-ducts.  * 

natural  size,  and  weigh  only  700  to  900  grams.  The  edges  of  the  organ  are 
thin  and  sharp.  The  surface  is  extremely  irregular,  and  presents  large 
numbers  of  rounded,  projecting  nodules  of  smooth,  dark-colored,  soft  liver 
tissue,  alternating  with  tough  gray  bands  of  surrounding  cicatricial  tissue. 
The  surface  will  vary  considerably  in  appearance  according  to  the  distribu- 
tion of  the  connective  tissue.  When  uniformly  distributed  throughout  the 
liver,  the  surface  of  the  organ  is  granular.  When  less  regularly  distributed, 
so  that  the  connective-tissue  bundles  are  larger  and  surround  groups  of 
lobules  instead  of  single  lobules,  the  surface  is  more  irregular  and  justifies 
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the  common  appellation,  "hob-nail  liver,"  the  surface  being  covered  with 
coarse  irregularities.  In  the  extreme  form,  and  especially  in  the  syphilitic 
cirrhosis,  the  liver  is  divided  by  deep  fissures  corresponding  to  dense,  firmly 
contracted  cicatricial  bands  of  connective  tissue. 

The  "hob-nail"  liver  is  the  common  form.  The  organ  is  frequently 
stained  with  bile,  and  sometimes  presents  a  really  beautiful  appearance, 
depending  upon  the  variegated  effect  of  alternating  dark  cellular  areas  and 
pale  yellowish-green  connective  tissue.  The  normal  areas  seem  to  be  under 
pressure  and  project  from  the  organ  with  bright  polished  surfaces  and  trans- 
lucent qualities  that  sometimes  cause  the  novice  to  mistake  them  for  cysts. 

When  incised,  the  cut  surface  shows  the  entire  hepatic  substance  divided 
by  connective  tissue  into  innumerable  small  areas,  usually  of  pin-head  size, 
though  sometimes  much  larger.  This  gives  the  organ  a  nutmeg  appearance. 
The  substance  is  firm  and  hard,  and  the  knife  creaks  as  it  cuts  into  the  in- 
durated tissue.     The  capsule  is  sometimes  thickened  and  opaque. 

Histology. — The  disease  seems  to  begin  with  a  limited  leukocytic  infiltra- 
tion of  the  periportal  connective  tissue.  Occasional  epithelioid  cells  and 
fibroblasts  are  present.  Little  by  little  fibers  of  connective  tissue  are  added 
to  those  of  the  periportal  tissue,  and  in  the  course  of  time  the  lobules  be- 
come outlined  by  fibroconnective-tissue  bands.  Along  the  lines  of  the  sub- 
lobular  veins  the  deposition  of  fibers  is  more  marked  and  thicker  cicatricial 
bands  are  formed.  Sometimes  the  connective  tissue  is  sparsely  infiltrated 
with  small  round-cells.  As  the  tissue  becomes  fully  formed,  these  disappear 
and  the  tissue  is  cicatricial  in  character. 

As  the  bands  of  connective  tissue  contract,  pressure  is  exerted  upon  the 
parenchyma,  and  the  liver-cells  atrophy.  The  atrophy  is  shown  by  attenua- 
tion of  the  cells  pressed  upon  and  the  occurrence  of  granules  of  pigment 
and  fat  within  them.  Through  the  atrophy  of  its  cells  the  parenchyma 
becomes  reduced  in  amount,  and  the  size  of  each  lobule  diminished. 

The  liver-cells  not  subjected  to  the  pressure  of  the  connective-tissue  bands 
may  appear  normal,  may  be  infiltrated  with  bile,  or,  as  is  much  more  common, 
may  be  the  seat  of  fatty  infiltration.  Indeed,  fatty  infiltration  is  very  frequent 
in  association  with  cirrhosis,  and  livers  are  not  infrequent  in  which  scarcely  a 
single  cell  escapes. 

In  the  relations  of  the  cells  to  one  another,  and  of  the  columns  of  cells 
to  each  other,  the  lobules  are  usually  quite  normal,  the  entire  lobule  being 
surrounded  by  the  connective  tissue.  Sometimes,  however,  in  the  atrophic 
form,  there  is  a  partial  invasion  of  the  cellular  tissue  by  processes  of  con- 
nective tissue  which  isolate  groups  or  columns  of  cells.  Such  detached  cells, 
pressed  upon  all  sides  by  the  fibrous  elements,  soon  fall  into  an  atrophic  con^ 
dition,  lose  their  normal  appearance,  and  may  be  mistaken  for  bile-ducts,  as 
Schmaus  points  out. 

The  bile-ducts  are  peculiarly  affected  in  cirrhosis  of  the  liver.  In  some 
cases  no  change  can  be  observed,  but,  as  a  rule,  the  bile-ducts  appear  dis- 
tinctly more  numerous  than  normal,  and  in  some  cases  so  many  small  bile- 
ducts  may  be  present  in  the  newly  formed  connective  tissue  as  to  suggest 
tubular  adenoma. 

Upon  what  condition  these  changes  in  the  bile-ducts  depend  is  not  clear. 
Some  may  have  preexisted  and  become  conspicuous  by  the  loss  of  hepatic 
cells  ;  some  may  be  composed  of  isolated  and  atrophic  columns  of  liver-cells, 
as  Schmaus  suggests ;  but  every  one  who  studies  extreme  cases  must  admit 
that  the  bile  capillaries  are  more  numerous  than  could  possibly  have  been 
normal. 

The  interpretation  usually  placed  upon  the  increase  in  the  biliary  ducts  is 
that  it  is  an  effort  at  regeneration,  and  that,  as  atrophy  is  taking  place  in  cer- 
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tain  of  the  parenchymatous  elements,  the  outgrowth  of  the  bile-ducts  is  com- 
pensatory and  preliminary  to  new  liver-cell  formation. 

The  induration  and  contraction  of  the  liver  in  cirrhosis  cause  marked 
disturbance  of  the  abdominal  circulation,  obstructing  the  passage  of  the  blood 
through  the  portal  vein,  and  necessitating  the  establishment  of  a  compensatory 
collateral  circulation  through  various  of  the  anastomosing  veins.  Of  these, 
may  be  mentioned  the  veins  which  pass  through  the  round  and  suspensory 
ligaments  of  the  liver,  uniting  the  portal  system  with  the  epigastric  and  mam- 
mary veins,  branches  in  the  neighborhood  of  the  gall-bladder  and  suspensory 
ligament  which  connect  with  the  diaphragmatic  veins  and  finally  enter  the 
vena  azygos.  Anastomoses  also  occur  with  the  gastric  and  esophageal  veins 
and  with  the  hemorrhoidal  and  inferior  mesenteric  veins.  The  veins  of  Ret- 
zius  must  also  be  mentioned  as  uniting  the  portal  branches  in  the  intestines 
and  mesentery  with  the  inferior  vena  cava. 

Although  the  contraction  and  vascular  obliteration  in  the  liver  must  pro- 
gress slowly  and  thus  enable  the  veins  gradually  to  enlarge  and  carry  off  the 
blood,  the  collateral  circulation  thus  established  is  never  sufficient,  and 
patients  with  cirrhosis  always  suffer-  from  ascites,  hemorrhoids,  and  other 
conditions  indicative  of  venous  obstruction. 

The  biliary  secretion  is  not  profoundly  affected,  and  in  most  cases  jaundice 
is  not  a  symptom  of  the  disease.  There  may,  however,  be  local  or  universal 
biliary  stasis,  with  marked  pigmentation  of  the  tissues. 

The  hepatic  cells  in  cirrhosis  sometimes  escape  compression,  even  when 
much  connective  tissue  is  present.  Their  atrophy  may  in  many  cases  depend 
in  part  upon  irritating  substances  brought  to  the  liver  by  the  portal  blood. 
The  position  of  the  atrophic  cells  is  nearly  always  at  the  periphery  of  the 
lobule,  where  this  Vould  be  possible,  but  where,  too,  the  effect  of  compres- 
sion would  be  most  marked. 

While  the  portal  vessels  are  compressed  and  obliterated  by  the  cirrhotic 
changes,  there  seems  to  be  proliferation  of  the  arterial  vessels.  When 
attempts  are  made  to  inject  the  cirrhotic  liver  through  the  portal  vein,  they 
usually  fail,  but  attempts  to  inject  it  via  the  hepatic  artery  usually  succeed 
well. 

Pigmentation  of  the  liver-cells  with  yellowish,  yellowish-green,  or  olive 
granules  deposited  in  the  newly  formed  connective  tissue,  within  the  hepatic 
cells,  Kupffer's  cells,  and  the  endothelium  of  the  vessels,  is  frequent.  The 
pigment  may  be  hemosiderin,  which  is  sometimes  present  in  large  quantities, 
or  may  be  bile-pigment,  which  is  usually  found  in  the  hepatic  cells  and  rarely 
in  the  connective  tissue. 

II.  Hypertrophic  Cirrhosis  (Hanot's  Cirrhosis). — This  is  also  called  by 
French  writers  cirrhose  biliaire  hypertrophique.  Hypertrophic  cirrhosis  of 
the  liver  is  characterized  by  a  marked  increase  in  the  size  of  the  organ,  which, 
in  well-marked  cases,  may  weigh  as  much  as  4000  grams.  The  surface  is 
either  smooth  or  finely  granular,  with  minute  rounded  eminences  ;  its  edges 
are  rounded,  its  substance,  dense  and  firm.  When  incised,  it  gives  less  of 
the  creaking  sensation  than  is  observed  in  the  atrophic  form.  Upon  the  cut 
surface  a  peculiar  variegated,  mosaic-like  marking  is  observed,  which  depends 
upon  alternating  pale  gray,  dull  yellow,  and  greenish  spots.  There  is  no 
sharp  circumscription  of  the  lobules  by  connective  tissue,  as  is  seen  in  the 
atrophic  form,  but  one  observes  that  th'e  grayish  connective  tissue  occurs  in 
irregularly  distributed  islets  and  processes. 

There  are  no  signs  of  contraction  of  the  connective  tissue,  the  portal  cir- 
culation seems  not  to  be  affected,  and  it  is  said  that  specimens  injected  through 
the  portal  vein  show  all  the  finer  vessels  patulous. 

The  dark-greenish  color,  which  is  so  marked  in  hypertrophic  cirrhosis. 
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is  also  different  from  that  seen  in  the  atrophic  cirrhosis,  and  depends  upon 
bile  stasis,  which,  it  will  remembered,  is  unusual  in  the  atrophic  form.  In 
his  investigations  Charcot  found  that  there  was  usually  a  characteristic  peri- 
angiocholitis of  the  interlobular  bile-ducts. 

Microscopically,  one  observes  that  the  interlobular  bile-ducts  are  ob- 
structed by  pigmented  masses  of  degenerated  products  and  their  walls  sur- 
rounded by  fibroconnective  tissue.  There  are  also  numerous  normal  inter- 
lobular bile-ducts,  some  of  which  are  in  active  proliferation.  There  is  con- 
siderable newly  form.ed  connective  tissue,  which,  however,  is  not  deposited 
between  the  lobules,  as  was  the  case  in  the  atrophic  form,  but  which  extends 
into  the  lobules,  between  the  columns  of  liver-cells.  This  topographic 
arrangement,  by  which  the  connective  tissue,  instead  of  circumscribing  the 
lobules  of  the  liver,  occurs  in  islets  and  intralobular  processes,  is  quite  char- 
acteristic of  the  hypertrophic  form  of  the  disease.  The  connective  tissue 
may  be  increased  throughout  all  parts  of  the  lobule,  and  the  liver-cells  and 
columns  of  cells  separated  by  it. 

The  liver-cells  are  injured  both  by  the  retained  and  altered  bile  and  by 
the  pressure  of  the  connective  tissue,  and  while  showing  little  alteration  in 
ordinary  cases,  may  be  completely  destroyed  and  represented  only  by  masses 
of  pigment  granules  in  severe  fatal  cases  of  the  disease.  When  the  progress 
of  the  disease  is  slow,  one  finds  a  marked  proliferation  of  bile-ducts,  which 
may  be  interpreted  as  a  regenerative  effort.  The  most  marked  proliferation 
of  bile-ducts  occurs  in  hypertrophic  cirrhosis  of  the  liver.  Because  of  this 
marked  increase  of  the  bile-ducts  the  condition  may  closely  suggest  adenoma. 
Cystic  dilatation  of  the  bile-ducts  is  not  infrequent,  and  has  been  called  by 
Sabourin  angiome  biliaire  kystique. 

Birch- Hirschfeld  points  out  that  the  growth  of  bile-ducts  is  on  the  bor- 
der-line between  the  typical  and  atypical  epithelial  growths,  and  closely 
resembles  other  conditions  observed  in  the  hepatic  tissue  the  seat  of  a 
neoplasm. 

While  the  hypertrophic  cirrhosis  is  thus  characterized  in  typical  cases,  it 
is  sometimes  impossible  to  separate  the  hypertrophic  and  atrophic  forms 
etiologically,  and  between  typical  cases  of  both  are  many  cases  bearing  dis- 
tinct resemblances  to  each.  So  true  is  this  that  the  French  authors  have 
styled  the  intermediate  forms  ' '  cirrhoses  mixtes, ' '  in  order  to  overcome  the 
difficulty.  Whether  or  not  the  two  conditions  are  really  different  processes, 
or  whether  they  are  different  manifestations  of  the  same  process  modified  by 
accidental  conditions,  is  not  known  at  present. 

III.  Biliary  hepatitis  or  biliary  cirrhosis  of  the  liver  is  a  name  fre- 
quently applied  to  a  cirrhotic  condition  which  follows  obstruction  of  the 
large  bile-ducts  by  calculi,  etc.  The  bile  stasis  which  results  from  the  ob- 
struction is  a  cause  of  marked  irritation,  but  usually  has  added  to  it  an  in- 
fectious element  caused  by  the  entrance  of  bacteria  from  the  intestine  into 
the  bile.  Bile  stasis  alone  is  insufficient  to  bring  about  the  inflammation, 
and  in  cases  of  tumor  or  other  conditions  associated  with  complete  permanent 
obstruction  of  the  bile  ducts,  biliary  cirrhosis  does  not  occur.  It  is  most 
frequent  in  cases  of  impacted  gall-stones  either  in  the  hepatic  ducts  or  in 
the  ductus  choledochus  near  its  entrance  into  the  wall  of  the  duodenum. 

The  irritating  effects  of  the  stagnated  bile  is  exerted  upon  peripheral 
parts  of  the  lobules,  where  small  necrotic  areas  are  sometimes  observed. 
This  necrosis  and  irritation  are  succeeded  by  hyperemia  and  round-cell  in- 
filtration of  the  perilobular  connective  tissue,  which  progress  to  actual 
abscess  formation  in  cases  where  bacteria  are  actively  at  work  in  the  bile- 
ducts,  or  may  simply  precede  the  formation  of  additional  fibers  of  connective 
tissue. 

32 
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Ziegler  divides  the  biliary  cirrhosis  into  two  forms — the  suppurative  and 
the  indurative,  according  to  the  predominance  of  one  or  the  other  process. 
The  cirrhotic  or  indurative  form  resembles  the  hypertrophic  cirrhosis  in  its 
general  characteristics. 

Proliferation  of  the  bile-ducts  also  occurs  in  this  form  of  hepatitis,  and 
progresses,  together  with  connective-tissue  formation,  as  the  liver-cells  are 
injured  and  undergo  atrophy  and  degeneration.  Regeneration  of  destroyed 
liver-cells  is  also  attempted,  as  is  shown  by  karyokinetic  figures. 

The  liver  of  biliary  cirrhosis  is  increased  in  size  in  the  early  stages,  but 
soon,  because  of  the  contraction  of  the  cicatricial  tissue,  becomes  small. 
The  hepatic  tissue  has  a  homogeneous,  dark-green  color. 

The  infection,  if  terminating  in  abscess  formation,  may  be  associated  with 
hectic  temperature — "  Charcot's  hectic.'' 

Syphilis  of  the  Liver. — Adults  with  acquired  syphilis  may  suffer  from 
a  diffuse  proliferation  of  the  connective  tissue,  accompanied  by  contraction 
and  atrophy  of  the  parenchyma  closely  resembling  atrophic  cirrhosis.  More 
usually  the  syphilitic  cirrhosis  is  characterized  by  more  marked  and  more 
circumscribed  connective-tissue  formation,  in  which  great  bands  of  dense 
fibrous  tissue  separate  the  organ  into  many  small  lobes,  each  of  which  is 
rounded  and  well  defined. 

In  other  cases  the  acquired  disease  is  characterized  hy  gumma  formation. 
The  gummata  may  be  single  or  multiple.  Single  gummata  may  be  as  large 
as  the  fist ;  multiple  gummata  are  usually  smaller. 

They  are  readily  recognized  by  the  coagulation-necrotic  contents,  the 
granulation  tissue  surrounding  them,  their  gray  or  grayish-yellow  color,  and 
their  tendency  to  heal  with  radiating  cicatrices  which  cause  deep  puckers  or 
fissures  in  the  organ.  These  may  entirely  transform  the  appearance  of  the 
liver  by  altering  the  lobar  arrangement.  Occasionally  one  finds  gummata 
in  all  stages  of  development  in  the  same  liver. 

Congenital  syphilis  of  the  liver  is  still  more  varied.  In  some  cases  a 
dense  fibroid  induration  is  observed,  by  which  the  organ  is  increased  in  size 
and  made  hard  and  firm.  Its  quality  has  been  compared  by  Trousseau  to 
sole  leather.  The  color  of  the  organ  is  yellowish,  varying  to  dark  brown, 
and  it  is  sometimes  spotted.  Upon  the  surface,  careful  inspection  or  exam- 
ination with  a  hand-lens  reveals  small  yellowish-white  spots  or  stripes  which 
correspond  to  the  connective-tissue  bundles.  When  examined  microscopic- 
ally, a  wide-spread  hyperplasia  of  the  connective  tissue,  with  numerous 
round-cell  infiltrations,  is  observed.  The  round-cell  infiltrations  are  apt  to 
occur  in  the  neighborhood  of,  and  in  the  walls  of,  the  blood  vessels,  some- 
times extending  to  the  endothelium.  The  distribution  of  the  connective 
tissue  is  in  general  much  like  that  seen  in  hypertrophic  cirrhosis. 

The  liver-cells  may  be  well  preserved,  but  are  more  apt  to  fall  into  fatty 
degeneration.  The  condition  is  sometimes  described  as  "acute  yellow 
atrophy"  of  the  liver  of  the  new-born. 

In  congenital  syphilis  miliary  gummata  may  also  be  seen.  They  appear 
as  grayish  or  yellowish-white  dots,  about  the  size  of  a  pin-head,  evenly  dis- 
tributed throughout  the  liver  substance.  They  are  never  sharply  circum- 
scribed. When  irregular  in  size,  the  larger  ones  may  have  a  yellow  center 
with  grayish  surroundings.  The  larger  nodules  are  chiefly  interlobular  in 
position,  and  may  occupy  the  wall  of  a  blood  vessel'or  bile-duct.  The 
smaller  nodules  occur  irregularly.  Microscopically,  the  miliary  gummata 
present  the  usual  appearances  and  exhibit  cheesy  centers  with  granulation 
tissue  in  the  periphery. 

Larger  gummata,  such  as  are  seen  in  acquired  syphilis,  are  rare  in  the 
congenital  form.     A  peculiar  gumma  of  the  liver  sometimes-  occurs  at  the 
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hilus  of  the  organ  in  new-born  infants,  and  invades  the  portal  vein  and  bile- 
ducts.  In  healing  it  forms  an  enormous  branched  cicatrix  extending  from 
the  hilus  into  the  liver  tissue,  obstructing  the  portal  vein  and  occasionally 
occluding  the  bile-duct. 

Ziegler  describes  two  forms  of  diffuse  congenital  syphilitic  changes  in  the  liver :  first,  a  dif- 
fuse connective-tissue  change  extending  over  the  entire  organ,  inter-acinose  and  intra-acinose, 
accompanied  by  cellular  accumulations  or  marked  connective-tissue  proliferation.  The  liver 
is  usually  dark  red.  Only  when  the  areas  of  cellular  infiltration  are  large  can  they  be  recog- 
nized by  their  gray  color. 

In  the  second  form  the  connective-tissue  proliferation  is  easily  recognized  by  the  fawn-yellow 
color,  the  absence  of  lobular  differentiation  on  the  cut  surface,  and  the  density  of  the  tissue. 

There  may  be  inflammatory  exudates  upon  the  surface  of  syphilitic  livers  or  they  may 
adhere  to  adjacent  organs. 

Tuberculosis  of  the  liver  may  be  of  hematogenous  or  lymphogenous 
origin.  It  usually  occurs  in  the  form  of  miliary  tubercles,  irregularly  scat- 
tered throughout  the  organ,  and  requiring  no  special  description.  They,  are 
usually  secondary  to  tuberculosis  of  the  lung,  and  form  part  of  general  miliary 
tuberculosis.  The  tubercles  are  seen  with  the  naked  eye  with  great  difficulty, 
and  in  many  cases  entirely  escape  observation  until  microscopic  examination 
of  the  organ  is  made.  The  microscopic  appearances  of  the  tubercles  are 
typical.  When  the  lesion  is  very  acute,  numerous  small  punctiform  hemor- 
rhages may  at  times  be  seen.  Tuberculosis  of  other  abdoininal  organs  may 
cause  secondary  tuberculosis  of  the  liver  by  lymphogenous  distribution. 

Primary  tuberculosis  of  the  liver  is  a  rare  affection.  It  is  thought  by  some  that  it  is 
always  congenital  and  caused  by  the  entrance  of  bacilli  into  the  liver  through  the  umbilical 
vein  during  fetal  life.  This  is,  however,  scarcely  probable.  There  may  be  a  single  or  several 
large  cheesy  masses,  varying  in  size  from  a  hazelnut  to  an  ^'g'g. 

Tuberculous  hepatitis  is  a  name  used  to  describe  a  rare  form  of  tuberculosis  of  the  liver 
associated  with  connective-tissue  proliferation.  The  parenchyma  is  more  or  less  divided  up  by 
bands  of  connective  tissue  in  which  larger  or  smaller  cheesy  nodules  occur. 

Lepra  of  the  liver  is  characterized  by  the  occurrence  of  the  specific 
granulomatous  lesions,  in  which  the  characteristic  large  cells  are  filled  with 
the  lepra  bacilli.      The  lepra  nodules  are  very  rarely  found  in  the  liver. 

Actinomycosis  of  the  liver  is  of  rare  occurrence.  The  usual  com- 
municating suppurating  cavities  and  sinuses  are  seen.  There  is  always  con- 
siderable inflammatory  disturbance  about  the  seat  of  disease,  and  perihepatitis 
with  adhesion  to  adjoining  parts  is  usual. 

The  disease  is  usually  secondary  to  actinomycosis  of  the  lung,  the  liver 
becoming  invaded  through  the  diaphragm. 

TUMORS  OF  THE  LIVER. 

Angioma  is  one  of  the  most  frequent  tumors  of  the  liver.  It  occurs  in 
the  form  of  small,  single  or  multiple,  more  or  less  circumscribed,  dark-red, 
purplish,  or  bluish  spots  upon  the  surface,  which,  upon  incision,  are  found 
to  descend  to  a  depth  about  equal  to  their  diameters  into  the  subjacent  tissue. 
Upon  microscopic  examination  the  tumor  is  found,  in  most  cases,  to  be  a 
cavernous  angioma,  although  racemose  angioma  occasionally  occurs.  The 
tumors  vary  in  size  from  a  pin-head  to  a  man's  fist.  They  do  not  increase 
the  size  of  the  organ,  nor  do  they  injure  any  part  of  it  beyond  the  area  of 
their  own  growth.  The  substance  of  the  tumor  is  spongy.  The  tumor 
occurs  most  frequently  in  the  aged  and  in  the  badly  nourished.  It  probably 
develops  by  dilatation  of  certain  capillary  systems.  The  intermediate  liver- 
cells  disappear  by  atrophy. 

Fibroma  rarely  occurs.  It  is  seen  chiefly  in  the  form  of  disseminated 
nodules,  and  is  most  frequent  in  neurofibroma  moUuscum. 

Lipoma  is  rarely  seen  in  the  liver,  and  is  of  no  clinical  importance. 
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Sarcoma  may  be  primary  or  secondary,  the  latter  form  being  the  more 
frequent. 

The  primary  sarcoma  develops  from  the  connective  tissue  of  the  hilus, 
the  periportal  areas,  or  from  the  tissue  of  the  blood  vessels  or  biliary  ducts. 
The  tumor  is  usually  found  in  the  neighborhood  of  a  blood  vessel.  There 
may  be  but  one  node  or  the  liver  may  be  studded  with  them.  Multiplicity 
of  the  lesions,  however,  usually  indicates  that  the  growth  is  secondary.  The 
tumor  may  be  composed  of  round-  or  spindle-cells,  and  gives  metastasis  to 
other  organs. 

Secondary  sarcoma  is  of  hematogenous  origin,  and  is  characterized  by 
the  formation  of  multiple,  larger  or  smaller,  disseminated  nodules,  which  are 
not,  as  a  rule,  sharply  circumscribed.  The  tumor  tissue  may  fade  away 
gradually  into  the  liver  tissue  occupying  the  spaces  between  the  cells,  filling 
the  capillaries,  and  slowly  leading  to  atrophy  of  the  liver-cells. 

Occasionally  the  sarcoma  nodules  are  quite  well  circumscribed.  The 
tumor  consists  of  cells,  either  round  or  spindle  in  shape.  Melanotic  sec- 
ondary sarcoma  is  frequent  in  the  liver.  The  presence  of  sarcoma,  either 
primary  or  secondary,  causes  the  liver  to  become  increased  in  size.  The 
tumor  nodes  form  larger  or  smaller,  more  or  less  rounded  masses  of  pale 
color,  except  when  vascular,  which  may  be  superficial  and  project  from  the 
surface,  or  deep  in  the  liver  tissue. 

Adenoma  of  the  liver  is  rare.  It  occurs  in  otherwise  normal  livers  and 
sometimes  in  cirrhosis.  The  tumor  appears  in  the  form  of  solitary  or  mul- 
tiple, grayish  or  yellowish-white,  occasionally  reddish  or  brownish  nodes, 
varying  in  size.  They  may  be  as  large  as  an  egg.  They  are  encapsulated 
by  connective  tissue. 

When  examined  microscopically,  they  consist  of  elements  which  resemble 
bile-ducts  and  from  which  they  probably  develop.  In  some  cases  columns 
of  liver-cells  entirely  lacking  the  usual  lobular  arrangement  are  thickly 
distributed  among  the  bile-ducts.  The  adenoma  is  benign,  though  it 
possibly,  at  times,  becomes  malignant.  The  adenoma  not  infrequently 
becomes  cystic — this  form  of  tumor  being  described  as  adenocystoma  of  the 
liver. 

Carcinoma  of  the  liver  may  be  primary  or  secondary. 

Primary  Carcinoma  of  the  Liver. — This  tumor  presents  itself  in  a  variety 
of  different  forms.  Three  of  them  are  well  characterized  :  (i)  More  or 
less  circumscribed  massive  tumor  nodes ;  (2)  diffuse  carcinomatous  infiltra- 
tion with  general  enlargement  of  the  liver ;  (3)  an  interlobular  carcinomat- 
ous development  which  probably  originates  from  the  bile-ducts. 

I.  The  circumscribed  nodular  growths  usually  occur  in  the  right  lobe  of 
the  liver,  and  appear  as  well-circumscribed,  grayish-yellow  nodes  of  various 
size,  sometimes  as  large  as  the  fist.  The  nodes  may  be  single  or,  more 
rarely,  multiple.  The  central  part  of  the  node  is  usually  firm  and  fibrous, 
but  may  be  soft  and  degenerated.  The  nodes  are  not  distinctly  encapsu- 
lated, though  not  infrequently  one  finds  part  of  the  growth  well  circum- 
scribed by  connective  tissue. 

There  is  usually,  however,  some  part  of  the  tumor  that  gradually  invades 
the  surrounding  tissue.  This  partial  encapsulation  of  the  nodes,  their 
general  appearance,  and  not  a  few  of  the  histologic  appearances,  are  highly 
suggestive  of  original  development  from  adenomata.  Indeed,  Wulfif  and 
Hansemann  have  investigated  the  subject,  and  have  shown  every  inter- 
mediate step  between  the  benign  and  malignant  tumor. 

Microscopically,  the  growths  are  made  up  of  irregular  cell-nests  distrib- 
uted throughout  a  fibroconnective-tissue  reticulum.  The  appearance  of 
the  cells  suggests  that  they  were  originally  derived  from  the  liver  paren- 
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chyma,  but  in  the  course  of  rapid  growth  they  seem  to  have  become  smaller 
and  developed  a  greater  affinity  for  the  stain,  thus  appearing  more  like  the 
cells  of  the  bile-ducts.  Fatty  degeneration  of  the  cancer-cells  is  common 
in  the  carcinoma  nodules.  Necrosis  of  the  cells  may  also  occur,  and  hemor- 
rhages are  not  infrequent.  When  carcinoma  nodules  are  superficial,  whether 
they  are  primary  or  secondary,  they  are  usually  characterized  by  a  central 
umbilication  depending  upon  degeneration,  absorption,  and  collapse  of  the 
tumor  masses.  The  liver  containing  the  carcinoma  nodes  is  always  enlarged. 
The  primary  tumors  are  occasionally  pigmented — vielanocarcinoma. 

2.  Diffuse  carcinomatous  infiltration  with  general  increase  in  the  size  of 
the  liver  is  very  peculiar.  To  the  naked  eye,  the  liver  is  considerably  en- 
larged and  presents  an  irregular  granular  and  nodular  surface,  like  that  seen 
in  cirrhosis.  Here  and  there  considerable  sized  masses,  which  seem  to  be 
more  or  less  circumscribed,  are  present. 

When  incised,  the  organ  has  a  peculiar  appearance,  its  normal  color  having 
given  place  to  a  grayish  or  brownish  tint.  No  normal  liver  tissue  may  be 
found.  Except  for  the  occasional  undoubted  cancer  nodes,  the  entire  organ 
presents  a  more  or  less  similar  appearance. 

When  studied  microscopically,  it  becomes  apparent  that  the  entire  liver  is 
infiltrated  with  carcinoma  cells,  the  original  lobules  being  separated  by 
cicatricial  bundles,  as  in  cirrhosis.  Between  these  bundles,  in  what  repre- 
sent the  lobules  of  the  liver,  inconspicuous  atrophic  liver-cells  are  being 
crowded  out  of  existence  by  robust  carcinoma  cells.  The  development  of 
the  tumor  seems  to  depend  upon  the  distribution  of  the  abnormal  cells  by 
the  blood.  The  cancer-cells  occupy  the  capillaries,  in  which  they  grow 
luxuriantly  and  exert  pressure  upon  the  exterior  liver-cells.  Where  large 
collections  of  the  cells  occupy  a  good-sized  vessel,  in  which  they  grow  rap- 
idly, nodes  are  formed,  which,  like  those  of  the  primary  focus  from  which 
the  disease  originated,  can  be  recognized  by  macroscopic  examination. 

The  tumor  growth  entirely  destroys  the  function  of  the  liver,  and  oblit- 
erates both  its  blood  vessels  and  its  bile-ducts. 

3.  The  Interlobular  Carcinoma  Following  the  Distribution  of  the  Portal 
Vein. — In  this  form  the  liver  is  invaded  by  numerous  whitish  or  grayish 
nodes,  which  distribute  along  the  course  of  the  interlobular  circulation  and 
invade  the  neighboring  tissue  by  extension.  The  carcinomatous  tissue  is 
fairly  well  differentiated  from  the  healthy  tissue  of  the  liver  lobule.  To  the 
naked  eye  this  form  presents  some  of  the  appearances  of  the  cirrhotic  liver, 
the  surface  being  marked  by  similar  alternating  tumor  nodules,  atrophic 
areas,  and  cicatricial  bands. 

Secondary  carcinoma  of  the  liver  is  frequent  is  cases  of  primary  carci- 
noma of  the  stomach,  intestine,  uterus,  pancreas,  and  mammary  gland. 
The  organs  whose  veins  empty  into  the  portal  system  are  naturally  those 
most  apt  to  distribute  the  cells  of  such  neoplasms  to  the  liver. 

The  condition  usually  occurs  in  the  form  of  nodes  irregularly  scattered 
throughout  the  liver  substance.  Each  has  its  origin  in  a  capillary  cancer 
embolus.  The  cells  of  these  emboli  grow  rapidly,  infiltrate  the  tissue,  bring 
about  atrophy  of  the  liver-cells,  and  form  nests  and  masses.  As  the  nodules 
become  large,  umbilication  of  those  which  are  superficially  situated  takes 
place  from  degeneration  and  loss  of  substance  in  the  interior. 

The  secondary,  like  the  primary,  nodes  often  appear  sharply  circum- 
scribed. 

The  type  of  cell  found  in  the  secondary  carcinoma  varies  somewhat 
according  to  the  parent  tumor,  and  an  examination  of  the  cells  of  the 
secondary  growth  will  sometimes  reveal  the  seat  of  primary  growth  by  the 
characteristics  of  the  cells. 
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Adrenal  growths  sometimes  occur  in  the  liver.  They  depend  for  their  formation  upon 
fragments  of  tissue  displaced  during  the  differentiation  of  the  organs.  The  growths  are  readily- 
recognized  by  the  characteristics  of  the  cells,  which  have  the  usual  cubical  shape  and  contain 
fat  and  pigment,  as  in  their  normal  position. 

Cysts  of  the  liver  are  formed  by  dilatation  of  the  bile-ducts.  Such  a  change  is  observed 
frequently  in  the  adenocystoma.  Dilatation  of  the  lymphatics  occasionally  leads  to  cyst 
formation. 

Echinococcus  cysts  are  common  in  the  liver,  both  in  the  unilocular  and  in  the  multilocular 
form.  The  substance  of  the  organ  may  be  almost  completely  obliterated  in  the  rare  cases  of 
multilocular  cysts.     (See  Echinococcus  Cysts.) 

Parasites. — Of  these,  a  common  animal  parasite  in  the  lower  animals,  but  rare  parasite  of 
man,  is  the  Coccidium  oviforme.  This  organism,  being  ingested  in  the  spore  stage,  develops 
into  an  ameboid  embryo  in  the  stomach  and  intestine,  and  enters  the  bile-ducts,  where  it  takes 
up  its  abode  in  the  epithelial  cells.  Some  of  the  parasites  attaining  adult  growth  are  dis- 
charged in  an  encysted  form,  containing  embryos ;  others  transform  themselves  into  sporocysts 
in  the  bile-ducts,  and  the  infection  of  new  cells  takes  place  directly.  The  outcome  of  the  activity 
of  the  parasites  is  a  chronic  catarrhal  inflammation  of  the  bile-ducts,  with  frequent  cystic  dila- 
tations. The  liver  presents  a  peculiar  appearance  when  examined  with  the  naked  eye,  being 
studded  with  yellowish  nodules  of  varying  size.  The  organ  is  always  deeply  congested  and 
dark-red,  so  that  the  nodules  are  all  the  more  conspicuous.  One  is  reminded  of  both  tubercle 
and  adenoma. 

When  microscopically  examined,  the  appearance  is  much  like  adenoma,  with  cystic  dilata- 
tion of  the  ducts  and  polypoid  excrescences  growing  from  their  walls.  The  parasites  can  be 
seen  in  the  embryonal  stage  in  the  epithelial  cells,  and  in  the  lumen  of  the  ducts  very  numer- 
,ous  adult  encysted  parasites  are  present. 

The  Amceba  coli  also  infects  the  liver,  entering  from  the  intestinal  vessels  in  cases  of  dysen- 
tery.    Its  relation  to  liver  abscess  has  already  been  described. 

The  worms — Distoma  hepaticum  and  lanceolatum,  etc. — are  fully  described  in  the  general 
section  upon  Animal  Parasites. 
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Inflammation  of  the  bile-ducts  is  known  as  angiocholitis  or  cholangitis. 
The  inflammation  may  depend  upon  causes  originating  within  the  ducts,  as 
the  formation  and  retention  of  gall-stones,  or  upon  micro-organisms  brought 
to  them  by  the  circulating  blood  or  ascending  from  the  intestine.  In  rare 
cases  it  may  depend  upon  worms  entering  from  the  intestine,  etc. 

The  inflammation  may  be  catarrhal  or  purulent,  the  former  being  charac- 
terized by  mucus,  the  latter  by  purulent  exudation.  The  severity  of  the 
inflammation  may  result  in  suppuration  or  even  in  gangrene,  depending 
upon  its  severity.  Mild  inflammatory  processes  may  occur  without  important 
changes ;  but  severe  purulent  or  ulcerative  inflammations  may  cause  per- 
foration of  the  ducts  and  abscesses  in  the  surrounding  tissues,  or  in  healing 
may  so  contract  the  lumen  of  the  ducts  as  to  cause  subsequent  dilatation, 
bile  stasis,  calculus  formation,  and  predispose  to  further  pathologic  changes. 

The  swelling  of  the  mucous  membrane,  the  accumulation  of  inspissated 
secretion,  the  impaction  of  gall-stones,  foreign  bodies,  etc.,  the  contraction 
of  cicatrizing  lesions,  the  pressure  exerted  upon  the  exterior  of  the  ducts  by 
morbid  growths,  etc.,  all  lead  to  retention  of  bile,  icterus,  and  dilatation  of 
the  ducts,  and  predispose  to  the  formation  of  calculi  and  cysts. 

The  cysts  formed  in  consequence  of  biliary  retention  may  be  numerous, 
and  may  vary  in  size  from  a  pin-head  to  a  man's  fist.  The  walls  are  smooth 
and  very  delicate,  corresponding  to  the  original  epithelial  lining  of  the  bile- 
ducts.  They  may  be  deep  in  the  substance  of  the  liver  or  may  project  from 
the  surface.  The  contents  may  consist  of  inspissated  or  scarcely  altered  bile, 
or,  in  old  cases,  of  clear,  colorless  fluid. 

Coccidiosis  is  a  common  parasitic  affection  of  the  bile-ducts  of  the 
rodents. 

Cholecystitis,  or  inflammation  of  the  gall-bladder,  may  be  traumatic, 
depending  upon  calculi,  etc.,  formed  within  it;  or  infectious,  depending 
upon  bacteria  and  other  parasites  which  enter  from  the  intestine.     The  most 
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frequent  cause  is  the  presence  of  gall-stones.  Infectious  cholecystitis  may 
be  purulent. 

When  the  cystic  duct  is  obstructed  so  that  bile  ceases  to  enter  the  gall- 
bladder from  the  liver,  the  continued  secretion  of  the  glands  in  the  walls  of 
the  J)ladder  cause  it  to  distend.  The  bile  which  it  contains  is  slowly  ab- 
sorbed, and  when  the  duct  has  long  been  obstructed,  the  bladder  contains 
clear  fluid.  The  distention  of  the  closed  bladder  with  clear  fluid  is  spoken 
of  as  hydrops  vesica  fellea.  Distention  of  the  gall-bladder  with  bile  occurs 
when  the  common  ducts  are  obstructed  and  the  bile,  unable  to  escape  into 
the  intestine,  is  forced  into  the  gall-bladder. 

The  inflammations  of  the  gall-bladder  are  in  general  identical  with  those 
of  the  bile-ducts  and  depend  upon  identical  causes. 

Tumors  of  the  gall-bladder  and  of  the  large  biliary  ducts  are  not  un- 
common. Carcinoma  is  the  most  frequent  and  important.  It  is  one  of  those 
tumors  which  seem  to  be  intimately  associated  with  trauma  and  irritation.  In 
nearly  all  cases  of  primary  carcinoma  of  these  parts  gall-stones  are  present,  and 
are  not  infrequently  impacted  at  the  seat  of  disease.  This  makes  it  appear 
very  much  as  if  the  gall-stones  might  be  responsible  for  the  development  of 
the  neoplasm.    On  the  other  hand,  however,  it  must  not  be  forgotten  that  in 


Fig.  261. — Mass  of  gall-stones  (natural  sire)  removed  from  the  gall-bladder  of  an  old  woman. 
In  this  case  there  was  no  history  of  hepatic  disorder. 

cases  of  neoplasm  there  is  nearly  always  sufficient  obstruction  and  biliary 
stasis  to  predispose  to  calculus  formation. 

The  cancer  of  the  biliary  passages  is  a  cylindric  epithelioma  which  usually 
forms  an  irregular  mass,  but  may  form  a  fungous  or  papillary  growth.  The 
central  part  of  the  tumor  frequently  corresponds  to  some  large  duct  and  is 
ulcerated  and  eroded  where  a  calculus  impinges  upon  it. 

Other  tumors  of  the  bile-ducts  are  rare.  Fibroma,  myxoma,  and  sarcoma 
have  been  observed. 

Gall-stones  or  biliary  calculi  {cholelithiasis^  are  concretions  formed 
by  the  precipitation  of  solid  substances  from  the  bile.  The  conditions  pre- 
disposing to  their  formation  are  not  entirely  understood.  They  are  very 
common  after  middle  life,  increasing  in  frequency  with  increase  of  years,  and 
are  at  least  three  times  as  common  in  women  as  in  men.  Usually  they  are 
associated  with  the  full-body  habit  suggestive  of  hypernutrition,  though  they 
occur  in  all  social  conditions  of  life.  Sometimes  they  seem  to  depend  upon 
a  hereditary  predisposition,  certain  families  being  particularly  liable  to  them. 
Errors  in  personal  hygiene,  such  as  excessive  eating,  highly  nutritious  food, 
tight  clothing,  constipation,  sedentary  occupations;  nervous  diseases, — 
neurasthenia, — inflammations  about  the  gall-bladder,  obstructions  of  the 
duct,  and  malignant  disease  all  seem  to  have  a  certain  amount  of  influence 
in  their  production. 
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Gall-stones  usually  form  in  the  gall-bladder,  from  which  they  may  or  may 
not  enter  the  ducts.  Stones  in  the  ducts  are  usually  formed  in  the  gall- 
bladder, but  in  some  cases  may  originate  in  the  ducts  themselves.  Calculi 
are  very  rarely  formed  in  the  hepatic  duct,  though  they  may  sometimes  be 
accidentally  driven  into  it. 

There  may  be  one  stone  or,  as  is  more  frequently  the  case,  several.  Some- 
times the  gall-bladder  is  full  of  small  stones.  Morgagni  has  seen  3000 ;  Naunyn, 
5000 ;  and  Otto  has  seen  a  case  in  which  7802  stones  were  present  in  one 
gall-bladder.  Instead  of  well-formed  calculi,  the  gall-bladder  may  contain 
an  earthy  precipitate  from  the  bile  which  incrusts  its  walls.  In  some  cases 
this  mineral  coating  is  described  as  "mortar-like."  The  size  of  the  stones 
varies  greatly,  the  largest  single  stone  on  record  found  by  Meckel  measuring 
6  by  2.5  inches.     A  large  stone  found  by  Ritter  weighed  135  grams. 

The  shape  of  the  stones  depends  entirely  upon  their  number:  single 
stones  are  round  or  ovoid ;  multiple  stones  are  of  a  great  variety  of  shapes, 
being  flattened  by  mutual  contact.  When  a  single  stone  is  faceted,  it  indi- 
cates that  its  fellows  have  escaped  through  the  ducts. 

The  stones  usually  form  about  nuclei,  which  may  be  flakes  of  mucus, 
masses  of  epithelial  cells,  and  fibrin  in  inflammatory  conditions,  groups  of 
bacteria,  fragments  of  parasites,  foreign  bodies,  etc.  Upon  these  the  com- 
ponent salts  are  deposited  layer  upon  layer.  When  the  substance  of  the 
stone  is  all  of  the  same  chemic  composition,  it  is  said  to  be  homogeneous ; 
when,  as  not  infrequently  happens,  of  different  substances,  according  as  one 
or  another  constituent  of  the  bile  predominates  at  different  times  during  its 
formation,  heterogeneous  or  mixed.  When  several  stones  are  present  in  the 
gall-bladder  at  the  same  time,  they  usually,  though  not  necessarily,  have  the 
same  chemic  composition. 

The  color  of  the  stones  varies  with  their  composition,  some  being  whitish 
or  grayish,  others  greenish  or  brownish.  A  few  are  black  ;  some  rare  stones 
are  amber-colored. 

The  chemic  composition  of  the  stones  varies  as  follows : 

1.  The  Common  Gall-stone  or  Cholesterin  Bilirubinate  of  Calcium  Stone. — It  is  the 

common  gall-stone,  and  is  usually  about  the  size  of  a  pea,  though  it  may  be  as  large  as  a  cherry. 
In  color  it  is  yellowish,  brownish,  or  greenish,  or  may  even  be  brown-black.  The  surface  is 
almost  invariably  smooth,  the  structure  laminated,  the  lamina  being  of  different  colors.  This 
varied  color  of  the  lamina  is  best  seen  at  the  edges  of  the  facets.  The  stones  are  moderately  ' 
soft,  sometimes  quite  plastic.  They  crack  and  often  crumble  to  pieces  in  drying.  They  may 
be  single  or  multiple. 

According  to  Ritter,  such  stones  contain  about  70.6  per  cent,  of  cholesterin,  22.9  per  cent, 
of  organic  matter,  and  6.5  per  cent,  of  inorganic  constituents.  When  carefully  studied,  it  is 
found  that  the  structure  is  very  complex,  and  may  include  cholesterin,  bilirubin,  bilifuscm, 
biliphrasin,  bilihumin,  carbonate  of  lime,  phosphate  of  lime,  ammoniomagnesian  phosphate, 
mucus,  bile  acids,  fatty  acids,  calcium  manganate,  calcium  sulphate,  magnesium  carbonate, 
sodium  chlorid,  and  traces  of  iron,  copper,  manganese,  and  uric  acid. 

2.  Cholesterin  calculi  are  rather  less  common. 

{a)  Laminated  Cholesterin  Calculi. — These  may  be  yellow,  brown,  green,  or  even  black  in 
color.  They  usually  appear  translucent  when  fresh  and  moist.  They  may  be  single  or  mul- 
tiple and  are  usually  friable.  The  surfaces  are  smooth,  often  faceted.  When  broken,  the 
structure  is  found  to  be  laminated,  but  also  radiated.  A  central  nucleus  may  be  present ; 
when  mixed  with  considerable  calcium  carbonate,  they  may  be  chalky. 

{b)  Pure  cholesterin  calculi  contain  about  95  per  cent,  of  cholesterin.  They  are  rare  and 
usually  solitary.  The  average  size  is  about  that  of  a  pigeon's  egg.  When  fresh  and  moist, 
they  appear  translucent,  and  of  a  pale-yellow,  creamy,  or  amber  color.  The  surface  is  usually 
rough,  sometimes  simply  gritty,  sometimes,  nodulated,  like  a  blackberry;  it  may  be  smooth. 
The  fractured  surface  is  homogeneous,  like  a  piece  of  gum-camphor,  and  shows  neither  lami- 
nations nor  radiations.  There  may  be  a  nucleus.  The'specific  gravity  is  light ;  the  substance 
is  inflammable. 

3.  Bilirubin  Calculi. — (a)  Bilirubinate  of  calcium,  with  added  substances  frequently  forms 
calculi  which  may  attain  the  size  of  a  marble,  though  usually  smaller.  They  may  be  solitary 
or  multiple,  are  commonly  faceted,  and  present  a  characteristic  rusty  color.  Sometimes  they 
are  black.  Their  structure  is  laminated,  and  when  they  dry,  they  crack  and  often  shed  the 
outer  layer,  which  usually  contains  about  25  per  cent,  of  cholesterin. 
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{b)  Pure  bile-pigment  calculi  are  rare  in  occurrence  and  never  larger  than  a  pea.  Their 
color  varies  from  rust-color  to  blackish.  Some  of  these  stones  are  rough,  some  nodular  upon 
the  surface.  They  are  very  friable,  and  when  dried,  may  crumble.  When  fresh,  they  may  be 
plastic. 

4.  Calcium  carbonate  calculi  are  very  rare.  The  composition  is  chiefly  calcium  carbon- 
ate, and  the  color,  in  consequence,  nearly  white  and  chalky,  especially  upon  the  broken  sur- 
face. These  calculi  are  apt  to  be  large  in  size,  and  are  frequently  associated  with  carcinoma 
of  the  bile-ducts. 

The  formation  of  biliary  calculi  is  not  complicated.  Upon  some  nucleus  the  bile-salts  and 
pigments  are  precipitated  layer  upon  layer  until  the  framework  of  the  calculus  is  formed.  The 
addition  of  the  cholesterin  takes  place  later  by  a  process  of  slow  infiltration,  the  substance 
crystallizing  in  the  interstices  of  the  stone  as  the  organic  products  dissolve  out.  The  choles- 
terin may  also  replace  the  bile-pigment  compounds  when  they  yield  to  subsequent  solution. 
The  origin  of  the  cholesterin  is  a  much-disputed  matter,  for  while  it  forms  so  large  a  part  of 
most  of  the  calculi,  it  is  present  in  the  bile,  as  found  by  Hammarsten,  in  the  very  small  pro- 
portion of  0.063  *o  0.096  per  cent.  That  the  cholesterin  of  the  larger  calculi  formed  in  the 
gall-bladder  is  precipitated  from  the  bile  seems  to  be  impossible,  so  that  it  is  now  supposed,  as 
suggested  by  Naunyn,  that  it  is  derived  from  the  epithelial  cells  of  the  lining  membrane  of  the 
gall-bladder.  This  is  the  only  explanation  for  the  development  of  cholesterin  calculi  in  gall- 
bladders which  are  shut  off  from  their  communication  with  the  ducts  by  diseased  conditions 
(Murphy). 

The  natural  tendency  of  the  stones  is  to  assume  a.  spheric  form,  but  when  numerous,  cre- 


FlG.  262. — Common  gall-stones. 


Fig.  263. — Pure  cholesterin  gall-stone. 


vices  are  left  in  which  layer  after  layer  of  the  component  salts  are  deposited  until  the  stones 
assume  the  well-known  faceted  form.  If  the  process  continues  long  enough  and  undisturbed, 
the  several  stones  may  unite  and  form  a  single  one.  The  facets  upon  the  stones  are  not  an 
indication  of  friction,  though,  of  course,  if  the  stones  be  disturbed  by  pressure  upon  the  gall- 
bladder, they  will  glide  upon  one  another  at  the  approximated  surfaces. 

The  pathology  of  gall-stones  is  very  important,  and  they  may  become  sources  of  very 
considerable  danger.  The  most  frequent  change  observed  is  catarrhal  inflammation  of  the 
gall-bladder,  which  may  have  preceded  and  led  to  the  formation  of  the  calculus,  or  result 
from  its  presence.  The  change  may  be  slight,  or  it  may  result  in  the  formation  of  a  consider- 
able mucopurulent  exudate,  with  calcareous  deposition,  by  which  the  gall-bladder  becomes 
filled  with  a  conglomerate  mass  of  gall-stones,  bile-pigment,  cholesterin  crystals,  granules  of 
carbonate  of  lime,  and  thickened  mucobile.  The  walls  of  the  gall-bladder  may  be  smooth,  or 
thickened,  ulcerated,  irregularly  pouched,  or  diverticulated.  The  muscular  walls  may  be 
degenerated  or  its  tissues  calcified.  Atrophy  with  contraction  of  the  gall-bladder  sometimes 
follows  these  changes,  and  the  frequent  association  of  carcinoma  and  gall-stones  makes  pretty 
certain  the  probability  that  the  tumor  has  something  to  do  with  the  irritation  of  the  calculus. 

One  of  the  most  distressing  clinical  phenomena  associated  with  gall-stones  is  that  caused 
by  their  accidental  lodgment  in  the  ducts.  It  can  never  be  foretold  when  a  stone  will  pass 
out  of  the  gall-bladder  into  the  duct,  or  what  particular  force  impells  it  to  do  so.  The  acci- 
dent seems  to  occur  only  in  connection  with  small  stones,  it  being,  according  to  Schuppel, 
impossible  for  a  stone  of  more  than  i  cm.  diameter  to  pass  into  the  duct.  Large  stones  may 
occasionally  simulate  impaction  by  temporarily  wedging  themselves  in  the  narrow  part  of 
the  gall-bladder  or  mouth  of  the  duct.     The  stones  may  pass  through  without  trouble,  or  may 
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be  detained  for  a  time,  during  which  the  patient  suffers  from  muscular  spasm  and  pain,  then 
pass  on,  or  they  may  be  held  permanently.  The  stones  escaping  from  the  gall-bladder  usually 
lodge  in  the  beginning  of  the  cystic  duct.  In  disease  of  the  common  duct  stones  may  pass 
from  the  cystic  into  the  hepatic  duct.  The  ductus  choledochus  is  usually  large  enough  to 
permit  the  passage  of  any  calculus  that  can  enter  it  from  either  of  the  other  ducts,  and  is, 
therefore,  seldom  the  seat  of  obstruction.  Courvoisier  has  collected  177  cases  of  obstruction 
of  the  common  duct  in  which  the  calculus  was  situated  at  the  beginning  of  the  duct  in  17,  at 
its  center  in  19,  close  to  the  duodenum  in  20,  and  in  the  papilla  in  41.  In  26  of  the  cases  the 
duct  was  full  of  stones. 

The  effect  of  the  accident  is  obstruction,  the  stone  acting  as  a  plug  beyond  which  no  bile 
can  pass.  If  the  stone  lodges  in  the  cystic  duct,  jaundice  usually  does  not  occur,  and  the 
entrance  and  exit  of  fluids  from  the  gall-bladder  are  alone  prevented.  As  the  secretions  of 
the  gall-bladder  walls  continue,  it  might  be  supposed  that,  exit  being  prevented,  the  organ 
would  dilate  considerably.  This  is,  however,  not  usually  the  case,  as  in  87  cases  studied  by 
Courvoisier  in  only  17  was  the  gall-bladder  dilated.  The  probable  explanation  is  that  the 
repeated  inflammatory  reactions  brought  about  cause  a  thickening  of  the  walls  of  the  gall- 
bladder by  which  its  distention  is  prevented. 

When  the  stones  enter  the  hepatic  duct,  the  outflow  of  bile  from  the  liver  is  prevented  and 
jaundice  follows.  There  is  usually  much  pain.  If  the  stone  is  unable  to  move,  the  result  of 
its  presence  is  the  formation  of  a  pouch  or  diverticulum  in  the  duct,  the  bile  subsequently 
flowing  by  the  partly  encapsulated  stone. 

Stone  in  the  common  duct  causes  enormous  distention,  Frerichs  having  seen  a  case  in 
which  it  was  eight  inches  long  and  five  inches  in  diameter.  The  dilatation  not  only  affects 
the  common  duct,  but  also  the  hepatic  duct  and  its  radicles.  It  is  always  associated  with 
jaundice.     There  are  much  pain  and  vomiting. 

A  very  serious  result  of  the  presence  of  a  gall-stone  is  ulceration  through  the  wall  of  the 
gall-bladder  or  ducts.  Such  perforation  is  not  at  all  uncommon,  Courvoisier  observing  it  in 
499  out  of  1800  cases  of  cholelithiasis. 

The  most  frequent  perforation  is  by  ulceration  through  the  external  anterior  surface  of 
the  body  ;  the  next  most  frequent  course  of  the  calculus  is  into  the  duodenum ;  next  into  the 
peritoneal  cavity. 

The  following  is  Courvoisier's  table  of  499  cases  : 

Fistulous  communications  between  different  parts  of  the  biliary  system  8 

Perforation  of  the  portal  vein    ....  .                                                 S 

Perforation  into  the  peritoneal  cavity  .  70 

Perforation  into  the  peritoneal  pouches  .  49 

Perforation  of  retroperitoneal  tissues  .  3 

Perforation  of  the  stomach     ,  13 

Perforation  of  duodenum  .  .                                              83 

Perforation  of  jejunum    .  i 

Perforation  of  ileum  i 

Perforation  of  colon        .    .  .                                     .39 

Perforation  of  urinary  tract  .  7 

Perforation  of  pleura  and  lung  24 

Perforation  externally                     .  196 


Doubtless  many  internal  perforations  are  never  discovered.  The  effect  of  perforation 
necessarily  varies  with  the  course  taken  by  the  stone.  The  peritoneal  perforations  are  apt  to 
be  followed  by  fatal  peritonitis  in  cases  with  cholecystitis  of  an  infectious  nature.  Erosioii  of 
the  portal  vein  may  cause  fatal  hemorrhage,  though  thrombosis  nearly  always  occurs.  On  the 
other  hand,  ulceration  into  the  intestine  may  be  followed  by  the  escape  of  the  stone  by  the 
rectum  and  repair  of  the  fistula.  Some  of  the  large  stones  which  have  entered  the  intestine  in 
this  manner  have  been  known  to  cause  its  obstruction.  Thoracic  perforations  usually  result  in 
abscesses  of  the  mediastinum.  Perforation  into  the  stomach  causes  vomiting  and  the  expul- 
sion of  the  calculus.     The  fistula  may  subsequently  close  perfectly. 

One  of  the  interesting  symptoms  of  cholehthiasis  hsfezier,  which  closely  resembles  malarial 
fever  arid  is  frequently  called,  after  its  observer,  "  Charcot's  intermittent,"  or  "  hepatic  inter- 
mittent." The  condition  begins  with  a  chill  and  a  rise  of  temperature  to  104°,  105°,  or  even 
106°  F. ;  the  patient  then  sweats  profusely,  the  temperature  declines,  and  an  intermission 
occurs,  followed  by  a  repetition  of  the  phenomenon.  The  fever  seems  to  depend  upon  some 
leukomain  retained  by  the  calculus  ;  as  soon  as  the  stone  escapes,  the  fever  disappears. 

DISEASES  OF  THE  PANCREAS. 

Congenital  malformations  of  the  pancreas  are  unimportant.  The  organ  is  rarely  absent, 
except  in  cases  of  acardia,  etc. 

The  organ  not  infrequently  consists  of  separated  segments.  The  most  frequent  of  these  is 
found  lying  in  the  curve  of  the  duodenum,  and  represents  a  separation  of  the  head  from  the 
organ.  It  is  sometimes  ca&sA. pancreas  minus,  and  may  have  its  duct  (duct  of  Santorini)  com- 
municating with  the  intestine  directly  or  emptying  into  the  main  pancreatic  duct  (duct  of 
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Wirsung).  Accessory  pancreati  are  not  infrequent,  the  most  interesting  consisting  of  small 
detached  fragments  which  are  situated  between  the  coats  of  the  stomach  or  the  intestine,  com- 
municating with  the  interior  of  either  organ  by  ducts  of  their  own.  These  little  bodies  some- 
times form  small,  tumor-like  projections  upon  the  mucous  surface  of  the  stomach  or  intestine, 
and  may  readily  be  mistaken  for  neoplasms.  When  examined  microscopically,  they  suggest 
adenoma,  but  upon  careful  examination  are  found  to  have  a.  structure  identical  with  the 
pancreas. 

Anemia  of  the  pancreas  is  a  rare  pathologic  condition  and  leads  to 
atrophic  changes. 

Hyperemia  of  the  pancreas  is  unimportant.  It  may  be  the  preliminary 
of  inflammation,  or  may  result  from  excessive  physiologic  activity.  Passive 
hyperemia  may  lead  to  some  increase  of  connective  tissue  in  the  organ.  It 
is  frequent  in  alcoholics. 

Hemorrhage  or  apoplexy  of  the  pancreas,  also  called  acute  hemor- 
rhagic pancreatitis,  is  a  rare  and  peculiar  affection  of  vague  origin.  It  occurs 
into  the  interalveolar  and  peripancreatic  tissues.  The  condition  may  be  fatal 
from  reflex  paralysis  of  the  heart  through  the  semilunar  plexus  and  nerves  in 
the  vicinity  of  the  celiac  artery.     The  entire  pancreas  is  usually  affected. 

As  causes  of  the  affection,  venous  stasis,  diseased  vessels,  tissue  necrosis, 
inflammation,  traumatism,  and  neoplasms  may  be  mentioned. 

In  cases  that  recover  the  blood  is  absorbed  and  more  or  less  induration 
follows.     Cysts  are  occasionally  formed  after  hemorrhage. 

Atrophy  of  the  pancreas  is  not  infrequent  and  is  of  regular  occur- 
rence in  old  age.  It  also  follows  local  disturbances  of  the  circulation,  maras- 
mus, diabetes,  cachexia,  etc.  The  organ  becomes  reduced  in  size,  flaccid, 
and  is  often  dark  in  color. 

The  atrophic  pancreas  of  diabetes  is  said  by  Hansemann  to  differ  from 
simple  atrophy  in  that  it  consists  of  an  interstitial  inflammation  associated 
with  granular  kidney,  etc.  It  leads  to  disappearance  of  the  parenchyma, 
with  increase  of  the  connective  tissue.  The  organ  often  becomes  intimately 
united  with  the  connective  tissue  of  surrounding  parts.  Opie  has  found  that 
in  the  pancreas  of  diabetes  the  chief  change  is  a  hyaline  degeneration  of  the 
islands  of  Langerhans.  In  simple  cachectic  atrophy  the  organ  is  always 
sharply  separated  from  the  surrounding  tissues.  In  the  diabetic  atrophy 
there  is  a  distinct  loss  of  thickness ;  in  simple-  atrophy  there  is  general 
diminution  in  size.     The  organ  may  be  reduced  to  half  its  bulk. 

Inflammation  of  the  Pancreas. — It  is  doubtful  whether  or  not  there 
is  a  true  parenchymatous  inflammation.  If  so,  it  is  seen  in  the  cloudy  swell- 
ing occurring  in  infectious  and  toxic  conditions.  This,  however,  may  be 
only  the  early  stage  of  rapid  degeneration. 

Acute  purulent  pancreatitrs  is  a  rare  aff"ection,  similar  to  acute  puru- 
lent parotitis.  The  organ  becomes  swollen,  hyperemic,  and  of  woody  hard- 
ness. The  purulent  change  may  consist  of  a  diff'use  infiltration  or  an  even 
distribution  of  miliary  foci  with  occasional  distinct  abscesses.  In  very  severe 
cases  the  entire  organ  may  be  transformed  into  an  abscess  surrounded  by 
thickened  connective  tissue.  ' 

The  inflammation  is  rarely  primary,  usually  depending  upon  inflammation 
of  contiguous  organs,  the  most  frequent  being  perforation  of  gastric  ulcer 
and  suppurative  lymphangitis.  Secondary  necrosis  and  gangrene  of  the  pan- 
creas sometimes  result  in  perforation  of  the  posterior  wall  of  the  stomach. 

Primary  inflammation  of  the  pancreas  probably  depends  upon  the  entrance 
of  the  colon  bacillus,  streptococcus,  or  typhoid  bacillus  into  its  ducts. 

Chronic  pancreatitis  is  usually  an  indurating  process  by  which  the  organ 
becomes  either  increased  or  diminished  in  size,  very  hard  and  dense,  and 
often  of  cartilaginous  consistence.  The  microscope  shows,  in  addition  to 
the  increase  of  connective  tissue,  more  or  less  atrophy  of  the  parenchyma. 
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It  is  frequently  secondary  to  inflammation  or  ulcer  of  the  stomach,  with 
adhesion  to  the  pancreas. 

Alcoholics  often  have  cirrhotic  pancreati.  Congenital  syphilitics  are  also 
said  to  have  indurated  pancreati. 

Syphilitic  pancreatitis  and  tuberculous  pancreatitis  are  rare  affections. 
In  the  former  may  be  mentioned  the  congenital  syphilitic  cirrhosis  of  the 
pancreas.  Gumma  of  the  pancreas  is  very  rare,  only  a  few  cases  having 
been  reported.  Tuberculous  disease  occurred  secondarily  in  the  pancreas  in 
9  per  cent,  of  the  cases  carefully  studied  by  Kudrewetzky.  The  form  usually 
seen  is  the  miliary  tubercle.  Rarely  large  caseous  excavations  are  seen  dis 
charging  through  the  ducts. 

Degenerations  and  Infiltrations  of  the  Pancreas. — Fatty  infil- 
tration, or  lipomatosis,  is  a  rather  frequent  affection  of  the  pancreas.  It 
consists  of  a  deposition  of  fat  in  the  interlobular  connective  tissue  of  the 
organ,  and  a  consequent  pressure  atrophy  of  the  parenchyma  of  the  organ. 
The  condition  occurs  in  obesity,  and  occasionally  in  marasmus.  It  may  lead 
to  complete  disappearance  of  the  pancreatic  tissue.  In  some  cases  the  pan- 
creatic cells  themselves  show  signs  of  fatty  infiltration. 

Fatty  metamorphosis  of  the  pancreas  occurs  in  the  course  of  severe  in- 
fection and  intoxication.  To  the  naked  eye,  the  pancreatic  tissue  has  a 
cloudy  white  color. 

Fat  necrosis  or  adipose  tissue  necrosis  is  a  peculiar  condition  sometimes 
seen  as  a  result  of  pancreatic  disease.  It  was  first  described  by  Balser,  and 
is  characterized  by  the  occurrence  of  small,  punctiform,  miliary,  or  larger 
areas  in  the  pancreas.  These  have  an  opaque  grayish  or  yellowish  color. 
Sometimes  neighboring  areas  become  confluent  and  embrace  a  considerable 
part  of  the  pancreatic  tissue.  The  entire  organ  may  be  involved.  In  the 
invaded  areas  there  is  first  a  necrosis  of  the  fatty  tissue  of  the  pancreas,  and 
subsequent  necrosis  of  the  adjacent  pancreatic  parenchyma. 

When  examined  microscopically,  the  cells  of  the  affected  part  are  anuclear, 
and  the  fatty  tissue  which  has  undergone  destruction  shows  fat  crystals  and 
calcareous  deposits.  The  whole  mass  has  a  marked  affinity  for  hematoxylin 
stain. 

Reactive  inflammation  is  nearly  always  seen  about  the  areas ;  hemorrhages 
sometimes  occur  within. 

Sometimes  distinctly  encapsulated  nodes  are  observed,  which,  when  opened, 
are  filled  with  mushy  masses  of  fat-crystals,  calcareous  matter,  etc. 

The  necrotic  tissue  is  not  only  observed  in  the  pancreas,  but  also  in  the 
fatty  tissue  of  the  omentum,  in  the  subperitoneal  fat,  and  in  the  mesentery. 

The  experiments  of  Williams  upon  fat  necrosis  indicate  that  it  depends 
upon  the  action  of  escaped  pancreatic  juice  upon  the  fatty  tissue. 

Amyloid  disease  of  the  pancreas  rarely  becomes  sufficiently  important 
to  attract  attention. 

Pigmentation  of  the  pancreas  occurs  in  alcoholics,  together  with  pig- 
mentation of  the  muscular  coat  of  the  intestine.  Local  pigmentations  occur 
in  consequence  of  atrophy  and  hemorrhage.  The  pigment  is  present  in  the 
epithelial  cells  in  the  form  of  granules  of  a  brownish  or  yellowish  color.  The 
pigment  seems  not  to  contain  iron.  In  marked  cases  the  connective  tissue 
may  also  contain  pigment-granules. 

Tumors  of  the  Pancreas. — Sarcoma  of  the  pancreas  is  rare.  The 
few  cases  recorded  have  been  of  the  round-cell  variety.  Angiosarcoma  has 
also  been  observed.     Secondary  sarcoma  is  seen  in  cases  of  sarcomatosis. 

Adenoma  of  the  pancreas  is  frequent.  The  tumors  usually  originate  as 
more  or  less  circumscribed  nodes,  most  frequently  in  the  head,  sometimes  in 
the  body,  sometimes  in  the  tail  of  the  organ.     They  soon  spread,  and  not 
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infrequently  result  in  the  formation  of  a  mass  involving  the  pancreas,  bile- 
ducts,  duodenum,  pylorus,  and  other  neighboring  viscera.  The  entire  normal 
structure  of  the  organ  may  be  destroyed. 

The  tumors  are  usually  firm,  grayish-white  in  color,  and  are  scirrhous, 
soft  tumors  being  rare.     Colloid  cancer  has  been  described. 

The  growth  of  the  tumor  about  the  bile-ducts  not  infrequently  leads  to 
obstruction  and  icterus.  There  are  nearly  always  secondary  nodes  in  the 
neighboring  lymphatic  glands  and  in  the  liver.  The  vertebral  column  may 
be  eroded  or  infiltrated.  The  vena  cava,  vena  porta,  or  vena  mesenterica 
superiora  may  become  invaded  with  thrombi  and  seriously  embarrass  the 
abdominal  circulation. 

The  microscopic  study  of  the  tumors  usually  shows  that  the  cells  originate 
from  the  parenchyma  of  the  organ.  Occasionally  they  grow  from  the  cylin- 
dric  epithelium  of  the  ducts. 

Obstruction  of  the  ducts  of  the  pancreas  may  lead  to  cyst  formation. 

Secondary  carcinoma  of  the  organ  is  frequent  in  general  carcinomatoses 
and  from  local  carcinoma  in  the  neighborhood. 

Pancreatic  Calculi. — Calculi  are  occasionally  found  in  the  pancreatic  ducts  in  the  form  of 
coarse  grains  distributed  throughout  the  system  of  ducts,  or  as  distinct  oval,  smooth,  or  nodu- 
lated concretions.  They  may  be  single  or  multiple.  The  chief  ingredients,  like  those  of  the 
salivary  calculi,  are  carbonate  and  phosphate  of  lime.  The  shape  of  the  calculi  is  sometimes 
very  peculiar,  as  they  usually  ■  form  incrustations  upon  the  ducts  and  often  have  patulous 
centers,  and  may  appear  branched,  corresponding  to  the  ducts  in  which  they  are  formed. 
They  usually  excite  more  or  less  inflammation  of  the  affected  parts,  sometimes  suppurative, 
sometimes  cirrhotic.  Not  infrequently  the  result  of  their  presence  is  obstruction  of  the  duct, 
with  retention  of  its  secretion  and  the  formation  of  pancreatic  cysts  or  pancreatic  ranula. 

Obstiuctlon  of  Wirsung's  duct  can  occur  in  consequence  of  morbid  growths,  calculi, 
cicatrices,  and  inspissated  secretions.  The  usual  result  of  the  obstruction  is  dilatation  and 
cyst  formation.  The  cysts  more  commonly  involve  the  branches  than  the  main  duct,  and  are 
more  frequent  in  the  head  of  the  pancreas  than  elsewhere.  They  contain  clear  fluid  or  the 
contents  may  be  inspissated.     Rarely  they  are  purulent. 

DISEASES  OF  THE  PERITONEUM. 

Occasional  congenital  malformations  of  the  peritoneum  are  seen.  Sometimes  the  funic- 
ular portion  of  the  peritoneum  fails  to  unite,  after  descent  of  the  testicle  into  the  scrotum,^ 
leaving  a  permanent  communication  between  the  peritoneal  cavity  and  cavity  of  the  tunica 
vaginalis  testis.  At  times  the  omentum  is  absent  or  very  small ;  at  other  times  it  is  unusually 
large  and  relaxed,  so  as  easily  to  descend  into  a  patulous  inguinal  canal.  The  mesentery  not 
infrequently  shows  variations  in  its  length. 

In  cases  in  which  the  peritoneum  is  not  normally  developed  the  movement  of  the  intes- 
tines may  be  interfered  vrith.  Openings  in  the  mesentery  or  omentum  sometimes  occur,  and 
may  be  occasional  causes  of  strangulation  in  internal  hernias. 

Hyperemia  of  the  peritoneum  precedes  the  early  stages  of  inflamma- 
tion. 

Passive  hyperemia  is  of  little  importance.  It  is  seen  in  cirrhosis  of  the 
liver  and  in  other  affections  with  portal  congestion.  Dilatation  and  tortu- 
osity of  the  veins  are  observed,  together  with  small  hemorrhages  into  the 
subperitoneal  tissue. 

Hypostatic  congestion  can  be  seen  at  autopsy  upon  the  serous  surface  of 
links  of  the  intestine  which  occupy  the  dependent  parts  of  the  cadaver. 

Hemorrhage  into  the  subperitoneal  tissue  is  common  in  the  form 
of  petechise  and  irregular  blotches  and  stripes,  especially  along  the  vessels  of 
the  mesentery  and  omentum.  They  occur  in  asphyxia,  in  passive  conges- 
tion, and  in  certain  intoxications  and  infections. 

Hemorrhage  into  the  peritoneal  cavity  follows  rupture  of  the 
blood  vessels.  It  is  seen  in  many  traumatic  injuries  with  rupture  of  the  vis- 
cera, follows  rupture  of  abdominal  aneurysms  and  extra-uterine  pregnancy 
with  rupture  of  the  cyst,  and  rupture  of  the  spleen  in  leukemia  and 
malaria. 
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The  blood  descends  to  the  dependent  parts  of  the  peritoneal  cavity,  and 
if  the  patient  lives,  undergoes  absorption.  Even  when  the  blood  coagulates, 
it  causes  no  particular  irritation  and  is  readily  absorbed,  causing  no  perma- 
nent changes.  Adhesions  may  succeed  peritoneal  hemorrhage  with  coagula- 
tion. 

Should  bacteria  enter  simultaneously  with  the  escape  of  blood  into  the 
peritoneum,  the  results  are  less  favorable,  peritonitis  being  the  certain  out- 
come. 

Ascites  or  serous  fluid  in  the  peritoneum  is  a  very  common  affection.  It 
occurs  in  hydremic  conditions  in  kidney  disease,  in  various  cachectic  dis- 
eases, in  pulmonary  and  cardiac  diseases,  but,  above  all,  in  obstruction  of 
the  portal  circulation.  The  most  frequent  is  cirrhosis  of  the  liver.  It  may 
also  occur  in  such  local  diseases  of  the  peritoneum  as  tuberculosis,  sarcoma- 
tosis,  etc. 

The  dropsical  condition  is,  in  most  instances,  the  result  of  increased 
transudation  from  the  blood  vessels.  In  cases  of  tuberculosis  and  sarcoma- 
tosis  it  may  have  something  to  do  with  obstructive  changes  in  the  lymphatic 
circulation. 

The  quantity  of  fluid  contained  in  the  peritoneal  cavity  may  reach  several 
gallons.  It  is  a  clear,  straw-colored  fluid,  much  like  normal  urine  in  appear- 
ance. In  rare  cases  it  is  colorless.  It  very  rarely  appears  like  milk,  from 
admixture  with  chyle.  The  fluid  contains  albumin — less  than  3  per  cent. 
It  does  not  coagulate  spontaneously. 

In  cases  of  hydrops  of  the  peritoneum  the  membrane  itself  may  be 
normal  in  appearance,  but  is  usually  changed  by  maceration  and  infiltration 
so  as  to  be  dulled  upon  the  surface  and  somewhat  thickened.  The  subperi- 
toneal cellular  tissue  and  fat  may  be  edematous  and  translucent,  like  jelly. 
Sometimes,  when  of  prolonged  duration,  it  is  studded  with  minute  grayish- 
white  dots  consisting  of  granulation  tissue.  These  are  indistinguishable 
from  tubercles  by  the  unaided  eye. 

Sometimes  the  fluid  accumulates  beneath  the  peritoneum,  between  it  and 
the  muscular  tissues.  This  was  called  hydrops  peritonai  by  the  older  writers, 
in  contradistinction  to  hydrops  omenti,  when  the  fluid  accumulations  occurs 
between  the  layers  of  the  omentum. 

"  Milk  spots  "  upon  the  peritoneal  surface  of  organs  are  very  frequent. 
They  resemble  the  "  milk  spots  "  or  friction  scleroses  of  the  heart,  but  are 
usually  more  extensive  and  much  thicker.  They  may  calcify,  and  beneath  a 
smooth  or  sometimes  rather  porous-looking  surface,  a  free  distribution  of 
lime-salts  may  be  present.  These  spots  are  most  common  upon  the  spleen, 
next  most  common  upon  the  diaphragmatic  surface  of  the  liver.  The  mode 
of  their  formation  is  uncertain.  It  seems  impossible  that  friction  can  ex- 
plain it. 

Acute  peritonitis  may  be  of  primary  or  secondary  origin.  Birch- 
Hirschfeld  divides  them  into  : 

Primary — Idiopathic. 
Secondary — i.  Metastatic. 

2.  Continuity. 

3.  Perforation. 

Primary  acute  peritonitis  is  supposed  to  be  of  hematogenous  origin  and 
to  depend  upon  the  transportation  of  pyogenic  bacteria  from  remote  parts  of 
the  body — felons,  leg-ulcers,  etc. — to  the  peritoneum,  where  an  acute  inflam- 
matory process  is  established.  It  sometimes  occurs  in  nephritis,  polyarthritis 
rheumatica,  pyemia,  and  rarely  in  the  acute  exanthemata.  In  rare  cases 
peritonitis  occurs  spontaneously — /.  e.,  without  any  primitive  lesion.     It  is 
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only  this  form  that  Birch-Hirschfeld  Would  regard  as  primary,  the  others 
being  metastatic  and  secondary. 

Secondary  acute  peritonitis  is  much  more  frequent  and  depends  upon 
local  damage  of  the  peritoneum,  brought  about  by  traumatic  injuries  and  by 
diseased,  especially  suppurative,  conditions  of  the  various  organs.  Bacteria, 
of  which  the  Streptococcus  pyogenes.  Bacillus  coli  communis.  Staphylococcus 
pyogenes  aureus  and  albus,  and  pneumococcus  are  the  most  frequent,  are 
exciting  causes.  The  disease  is  set  up  by  continuity  of  tissue  and  invasion 
through  the  lymphatics. 

The  lesions  most  frequently  predisposing  to  peritonitis  are  puerperal  infec- 
tions of  the  female  genital  apparatus,  perforating  ulcer  of  the  stomach  and 
intestine,  especially  of  the  vermiform  appendix,  inflammation  of  the  intestine, 
stomach,  liver,  gall-bladder,  spleen,  internal  sexual  organs,  bladder,  pancreas, 
kidneys,  spinal  column,  pelvis,  pleura,  diaphragm,  ulcers  of  the  intestines 
descending  to  the  serosa,  gangrene  of  the  intestine  or  omentum,  and  such 
internal  accidents  as  intussusception,  volvulus,  strangulated  hernia,  etc. 

Peritonitis  in  new-born  children  may  depend  upon  septic  infection  of  the 
umbilicus. 

The  morbid  appearances  will  vary  according  to  the  severity,  extent,  and 
duration  of  the  affection.  It  may  be  a  purely  local  affection,  limited  to  nar- 
row confines  above  and  about  an  intestinal  ulcer  or  other  small  lesion  ;  it  may 
invade  an  extensive  region  of  the  abdomen,  as  in  typhlitis  and  appendicitis, 
or  it  may  be  general  to  the  entire  peritoneum. 

The  inflammation  begins  with  hyperemia,  but  soon  is  characterized  by  a 
serous  or  serofibrinous  exudation,  which  becomes  purulent.  Many  cases  are 
purulent  from  the  beginning.  Sometimes  they  are  serous,  with  a  few  floating 
fibrin  flocculi ;  sometimes  they  are  hemorrhagic. 

When  the  amount  of  exudation  is  small  and  the  severity  of  the  case  not 
great,  the  inflammatory  exudation  is  seen  to  spread  over  the  most  affected 
parts,  in  the  form  of  a  whitish,  creamy  layer.  The  surface  of  the  intestines 
is  always  dulled,  from  hyperemia  and  alteration  in  the  endothelial  cells  of  the 
serosa.  A  creamy  layer  of  fibrin  and  leukocytes  usually  clings  to  the  surfaces 
of  the  organs. 

If  the  disease  is  more  wide-spread  and  the  exudation  more  considerable, 
it  collects  in  the  form  of  purulent  liquid  in  the  dependent  parts  of  the  ab- 
dominal cavity,  or  in  pockets  between  partially  adherent  surfaces  of  intestine, 
omentum,  abdominal  wall,  etc. 

In  severe  cases  the  peritoneum  shows  distinct  signs  of  maceration,  infiltra- 
tion, and  partial  disorganization.  This  is  probably  best  seen  upon  the  serosa, 
which  may  be  transformed  to  a  softened,  discolored,  easily  lacerable  tissue, 
which  can  often  be  stripped  off  of  the  subjacent  muscular  coat. 

Adhesions  are  early  formed  between  adjacent  loops  of  intestine,  between 
intestine  and  abdominal  wall,  between  the  stomach  and  liver,  etc.  These 
originally  consist  only  of  sticky  fibrin,  but  are  transformed  to  connective 
tissue  during  the  process  of  repair. 

In  the  purulent  peritonitis  which  usually  follows  perforation  of  the  intes- 
tine the  pus  separates  into  liquor  puris  and  corpuscles,  the  latter  sediment- 
ing  in  the  dependent  parts  of  the  abdominal  cavity.  When  there  is  subse- 
quent escape  of  fecal  matter  into  the  abdominal  cavity,  the  pus  very  often 
has  an  exceedingly  disagreeable  fetid  odor,  and  the  abdomen  may  contain 
gas,  which  escapes  with  an  audible  sound  when  the  cavity  is  opened. 

Local  peritonitis  usually  recovers.  The  exudate  is  absorbed,  as  a  rule,  but 
when  there  has  been  much  suppuration,  an  abscess  usually  forms.  This  may 
rupture  externally  or  into  the  bowel,  or  may  remain  for  a  long  time  encap- 
sulated. 
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General  peritonitis  is  commonly  a  fatal  affection.  When  recovery  occurs 
in  either  local  or  general  peritonitis,  an  almost  constant  sequel  of  the  inflam- 
matory process  is  the  formation  of  adhesions,  where  fibrin  has  glued  adjacent 
surfaces  of  peritoneum  together.  As  time  passes  the  adhesions  yield  to  trac- 
tion and  finally  appear  as  fibrous,  sometimes  almost  tendinous,  cords.  They 
may  be  so  numerous  as  to  bind  together  most  of  the  abdominal  viscera,  and 
the  intestine  may  lose  its  free  tubular  form  and  become  fixed  and  united  into 
a  mass  that  resembles  a  solid  organ  with  a  tortuous  canal  passing  through  it. 
The  omentum  is  drawn  up  early  in  peritonitis,  leaving  the  surface  of  the 
intestines  exposed.  It  later  suffers  union  of  its  component  layers  and  adhe- 
sion to  neighboring  organs. 

The  capsules  of  the  abdominal  organs  are  sometimes  thickened  by  the 
peritonitis ;  more  frequently,  however,  in  chronic  than  in  acute  peritonitis. 
When  the  union  between  contiguous  surfaces  of  the  inflamed  peritoneum 
takes  place  early,  it  may  save  the  patient  from  the  spread  of  disease  by 
localizing  it,  an  abscess  forming  between  the  layers. 

In  rare  cases  of  recovery  from  general  purulent  peritonitis  the  pus  from 
the  abdominal  cavity  may  be  externally  discharged  by  rupture  at  the  umbili- 
cus, especially  in  children. 

In  cases  of  resorption  collections  of  pus  may  remain  for  a  long  time  here 
and  there,  and  eventually  be  discharged  by  perforation  into  the  intestine. 
Such  collections  may  remain  encapsulated. 

Chronic  peritonitis  may  result  from  the  acute  form  by  failure  of  the 
exudate  to  undergo  complete  absorption,  so  that  collections  of  encapsulated 
pus  remain  to  continue  the  irritation  and  form  unions  with  the  surrounding 
organs  and  tissues  or  cover  them  with  thick  fibroconnective-tissue  membranes. 

Chronic  local  peritonitis  also  occurs  in  consequence  of  chronic  disease  of 
the  organs,  and  leads  to  fibrous  thickenings  of  their  capsules.  This  is  par- 
ticularly the  case  with  the  liver — perihepatitis — and  the  spleen — perisplenitis. 

The  disease  seems  to  be  especially  common  in  the  neighborhood  of  the 
female  genital  organs,  where  the  uterus,  ovaries,  and  tubes  become  united 
with  each  other  and  are  dislocated,  thickened,  and  distorted  by  its  course. 

At  times  it  may  be  general  and  extend  over  the  entire  peritoneum,  devel- 
oping without  any  apparent  cause  and  leading  to  the  formation  of  adhesions 
and  thickenings  everywhere. 

Chronic  peritonitis  always  accompanies  tuberculosis,  and  is  frequent  in 
some  of  the  neoplasms  of  the  peritoneum.  In  the  chronic  peritonitis  which 
so  frequently  occurs  in  neoplasms  of  the  abdominal  viscera  a  peculiar  thick- 
ening of  the  capsules  of  the  spleen,  liver,  and  other  organs,  which  become 
thick,  white,  and  smooth,  the  sharp  edges  being  rounded  off,  is  often  seen. 
This  is  suggestive  of  the  icing  upon  a  cake,  and  has,  in  consequence,  been 
called  by  the  Germans  "  Zuckerausguss, "  or  icing. 

Tuberculosis  of  the  Peritoneum. — This  is  a  frequent  affection, 
which  occurs  in  about  15  per  cent,  of  cases  of  well-marked  tuberculosis. 

Hematogenous  tuberculous  peritonitis  is  not  infrequent  in  tuberculosis 
of  the  lungs  and  other  organs.  The  tubercle  bacilli  are  distributed  through 
the  blood,  and  lead  to  the  formation  of  miliary  tubercles. 

To  the  naked  eye  the  tubercles  appear  as  small,  circumscribed,  grayish  or 
yellowish  dots  studded  over  the  peritoneal  surface.  They  may  occasion 
little  general  inflammation,  and  the  disease  may  progress  unobserved  and 
unsuspected,  but  in  most  cases  there  is  a  dropsical  effusion.  Uncomplicated 
cases  are  unaccompanied  by  suppuration,  and  when  the  abdomen  contains, 
pus,  the  additional  presence  of  the  streptococci  and  staphylococci  may  be 
expected.      These  cases  are  called  exudative  tuberculous  peritonitis. 

Lymphogenic  tubercles  are  of  frequent  occurrence  in  consequence  of 
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local  tuberculosis.  Thus,  in  nearly  all  cases  of  tuberculous  enteritis  with 
ulcerations,  one  finds  miliary  tubercles  along  the  lymphatic  vessels,  extend- 
ing around  the  intestine  in  an  annular  manner  or  radiating  in  all  directions. 
Very  often  the  vessels  themselves  can  be  observed  as  grayish  lines,  with  gray 
or  yellow  miliary  tubercles  here  and  there.  The  tissue  surrounding  the 
tuberculous  invasion  may  be  hyperemic  and  thay  contain  occasional  small 
hemorrhages.  Fibrin  may  be  deposited  upon  the  serous  surfaces  so  affected. 
The  usual  grayish  or  yellowish  color  is  occasionally  replaced  by  a  slate- 
colored  discoloration. 

.  Adhesions  are  ffequent  in  tuberculosis  of  the  peritoneum,  especially  in 
the  cases  with  considerable  exudation,  and  result  from  coexisting  simple 
peritonitis,  rather  than  from  the  tuberculous  prbcesS  itself.  Tubercles,  how- 
ever, frequently  form  in  the'  adhesions.  In  well-marked  cases  the  loops  of 
intestine  may  be  bound  together  and  smoothed  over  into  a  solid  organ ;  the 
omentum  rolled  up  and  everywhere  adherent ;  and  the  liver,  spleen,  and 
stomach  covered  with  miliary  tuberdles  and  adherent  to  each  Other  and  to 
the  diaphragm. 

The  female  sexual  organs  are  particularly  prone  to  suffer  from  agglutina- 
tive changes  when  affected  with  local  peritonitis,  and  in  tuberculosis  they" 
.are  frequently  so  densely  massed  and  tightly  adherent  as  to  be.  almost  un- 
recognizable. 

Tuberculous  peritonitis  may  recover,  though  the  conditions  governing  its 
recovery  are  unknown.  Curiously  enough,  it  seems  that  surgical  manipula- 
tion of  the  abdominal '  cavity  in  some  way 'favors  convalescence.  The 
tubercles  recover  by  granulation  and  cicatrization  ;  the  exudation  is  ab- 
sorbed, but  the  adhesions,  of  course,  remain. 

In  tuberculous  peritonitis  the  mesenteric  and  retroperitoneal  glands  are 
commonly  affected.  They  are  nearly  always  enlarged  and  studded  with  gray 
or  yellow,  cheesy  tubercles. 

Tumors  of  the  Peritoneum. — Primary  tumors  are  less  frequent  than 
those  of  metastatic  origin  or  due  to  direct  extension  by  continuity  of  tissue. 

Of  the  connective-tissue  Xvcaxoxi,,  fibroma,  lipoma,  myxoma,  sarcoma,  angio- 
sarcoma, lymphangioma,  and  chylangioma  have  been  observed. 

The  lipoma  usually  develops  from  an  epiploic  appendix  and  forms  a 
pedunculated  tumor,  prone  to  calcareous  infiltration,  and  is  sometimes  set 
free  in  the  abdominal  cavity  by  rupture  of  its  pedicle. 

Multiple  angiomata  have  been  seen  by  Rokitansky. 

Endothelioma  is  one  of  the  most  important  tumors  of  the  peritoneum. 
It  is  of  not  infrequent  occurrence.  It  is  with  difficulty  in  most  cases  that 
the  primary  seat  of  this  tumor  is  recognized,  but  it  is  probably  frequent  in  the 
omentum.  It  is  rarely  a  localized  tumor,  but  readily  distributes  over  the 
peritoneum,  so  that  when  the  body  is  examined  after  death,  the  retracted 
omentum  is  occupied  by  a  tumor-mass  as  large  as  adman's  hand,  which 
forms  the  chief  neoplastic  development.  Here  and  there  in  the  mesentery, 
broad  ligaments,  gastrosplenic,  gastrocolic,  and  other  omenti  similar  but 
smaller  ^nd  often  multiple  nodes  are  observed,  some  discrete,  but  the  greater 
number  connected  by  intermediate  bands  or  bridges  of  tumor  growth.  The 
entire  visceral  and  rarely  the  parietal  surface  of  the  peritoneum  is  more  or 
less  thickly  studded  with  miliary  or  pea-sized  nodules,  and  the  surfaces  of 
the  larger  organs,  such  as  the  liver,  may  be  covered  with  a  thick  neoplastic 
layer  like  an  icing  ("  Zuckergussleber  "). 
•  Carcinoma  of  the  peritoneum  is  always  secondary  to  carcinoma  of  the 
abdominal  viscera.  The  tumor,  is  characterized  by  a  wide-spread  distribution 
of  nodules  of  all  sizes,  many  of  them  miliary  in  appearance,  studding  the 
surface  of  the  intestine  and  mesentery,  others  larger  and  flatter,  occurring- 
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upon  the  surfaces  of  the  organs,  large  masses  occupying  the  omentum.  Con- 
fluent growths  upon  the  liver  and  spleen  cover  them  with  the  characteristic 
"  icing."  The  peritoneum  between  the  nodules  may  not  be  altered  or  may 
be  thickened  and  hyperplastic.  There  may  be  distinct  peritonitis,  and  ad- 
hesions are  not  infrequent.  This  universal  peritoneal  distribution  of  carci- 
noma is  spoken  of  as  "  carcinomatosis." 

The  appearance  of  colloid  carcinoma  of  the  peritoneum  is  very  pretty, 
for  the  degenerating  cells  of  the  nodules  produce  colloid  masses  which  appear 
like  clear  drops  of  yellowish  or  colorless  transparent  jelly.  The  cavity  of 
the  peritoneum  may  contain  much  free  colloid  jelly  escaped  from  the  honey- 
combed degenerated  tissue. 

Cylindroma  of  the  peritoneum  occurs  at  times,  and  was  described  by 
Waldeyer  as  " plexiform  angioma  "  of  the  peritoneum. 

Secondary  sarcoma  is  much  less  frequent  than  secondary  carcinoma  in 
the  peritoneum.  In  some  cases  multiple  minute  nodules,  "  sarcomatosis," 
are  observed,  but  the  cases  are  rare. 

Cysts  of  the  peritoneum  are  sometimes  formed  by  the  colloid  or  mucoid 
degeneration  of  tumors.  Most  of  the  cysts  with  epithelial  lining  occur  in 
connection  with  the  ovaries  and  tubes. 

Enterocystoma  is  a  congenital  cyst  formed  by  imperfect  development  of 
the  intestine. 

Cysts  lined  with  endothelium  are.  sometimes  very  numerous,  so  that  the 
abdominal  cavity  contains  many  pedunculated,  grape-like,  pea-sized,  grape- 
sized,  or  larger  bladders.  These  usually  result  from  the  dilatation  of  lymph- 
atic vessels — chylous  cysts  or  cystic  lymphangiomata. 

Of  the  parasitic  cysts,  the  echinococcus  sometimes  occurs.  Parasitic  cysts 
containing  worms  are  common  in  the  peritoneum  of  rodents.  Dermoid 
cysts  in  the  abdomen  are  very  frequent,  but  usually  grow  from  the  ovaries. 
A  few  dermoids  of  the  omentum  are  on  record. 


CHAPTER    IV. 

DISEASES  OF  THE  RESPIRATORY  SYSTEM. 
DISEASES  OF  THE  NOSE. 

Rhinitis. — Acute  catarrhal  rhinitis,  or  acute  inflammation  of  the 
Schneiderian  membrane,  is  one  of  the  most  common  affections,  especially 
in  the  acute  form  known  as  "  cold  in  the  head,"  or  coryza. 

Etiology. — Coryza  is  usually  attributed  to  "cold."  It  may  be  a  specific 
infectious  disease,  but  the  attempts  of  various  observers  to  find  specific  bac- 
teria in  the  secretions  have  failed.  Many  bacteria  are  always  present,  and 
among  them  some  of  the  familiar  bacteria  of  suppuration,  but  none  occurs 
so  regularly  or  in  such  numbers-  as  to  suggest  specificity.  As  coryza  is 
ushered  in  by  constitutional  as  well  as  local  symptoms,  it  is  well  to  be  cau- 
tious about  regarding  it  as  a  local  affection  depending  upon  micro-organ- 
isms. It  may  possibly  depend  upon  the  absorption  of  poisonous  products 
from  the  intestine  or  other  non-infectious  agencies.  Acute  catarrhal  rhinitis 
is  sometimes  set  up  by  the  inhalation  of  irritating  substances,  such  as  pollen, 
soap-bark,  ammonia,  etc.,  and  is  one  of  the  first  symptoms  of  measles, 
epidemic  influenza,  etc.  Acute  catarrhal  rhinitis  of  a  severe  type  also  some- 
times results  from  traumatism  and  from  the  inhalation  of  irritating  sub- 
stances, or  may  be  micro-organismal  in  cases  of  infection  by  the  gonococcus 
and  in  the  purulent  forms  of  scarlatina,  small-pox,  and  other  diseases. 

The  anatomic  lesions  accompanying  the  affection  are  few  and  by  no 
means  well  characterized.  The  mucous  membrane  is  congested,  and  the 
glands  in  process  of  active  secretion.  From  the  nose  there  is  a  profuse 
serous,  mucoserous,  or  mucopurulent  discharge.  When  this  discharge  is 
examined  microscopically,  some  desquamated  epithelial  cells  ar(d  leukocytes 
are  found. 

Chronic  catarrhal  rhinitis  usually  follows  frequently  repeated  attacks  of 
the  acute  form,  but  not  infrequently  occurs  in  consequence  of  congenital  or 
acquired  deformities  of  the  nose,  such  as  deflected  septa,  misplaced  nasal 
bones,  or  from  the  presence  of  polypi,  morbid  growths,  foreign  bodies, 
tumors,  etc.,  and  in  some  cases  in  consequence  of  scrofulous  and  syphilitic 
diatheses.  The  excessive  use  of  tobacco  is  also  said  to  be  a  not  infrequent 
cause.  Climate,  the  inhalation  of  irritating  dusts  and  vapors,  and  impedi- 
ments to  respiration  may  also  produce  it.     Two  chief  forms  are  described : 

I.  The- hypertrophic  form  is  marked  by  thickening,  congestion,  and  swell- 
ing of  the  mucous  membrane,  and  distention  of  its  veins,  especially  over 
the  turbinated  bones.  The  epithelium  becomes  hyperplastic,  without  much 
tendency  to  desquamate.  The  glands  of  the  mucosa  enlarge  and  become 
hyperfunctional.  The  secretions  from  the  nose  are  unusually  viscid  and 
mucopurulent.  The  nasal  passages  are  obstructed  by  enlargement  of  the 
lower  turbinated  bones  and  swelling  of  the  mucous  membrane  of  the 
septum.  There  is  commonly  hypertrophy  of  the  adenoid  tissue  of  the 
upper  part  of  the  pharynx ;  the  patients  usually  breathe  through  the  mouth. 
As  the  condition  persists  there  is  considerable  hyperplasia  of  the  connective 
tissue  beneath  the  mucosa,  especially  about  the  large  veins.     Myxomatous 
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formations  resembling  polypus  may  be  observed  over  the  anterior  end  of  the 
middle  turbinated  bone. 

2.  The  atrophic  form  may  follow  the  hypertrophic  form,  or  may  occur 
as  a  primary  affection.  It  leads  to  an  enlargement  of  the  nasal  cavities,  with 
the  secretion  of  a  purulent,  yellowish  or  greenish  material,  which,  from  the 
presence  of  numerous  saprophytic  bacteria,  has  a  disgusting  odor  (ozena 
simplex),  and  dries  upon  the  walls  of  the  cavity,  forming  discolored,  greenish 
or  bloody  scabs  and  crusts.  These  do  not  interfere  much  with  respiration, 
as  the  size  of  the  cavities  is  increased.  The  ciliated  epithelium  of  the 
mucous  membrane  is  lost,  and  becomes  replaced  by  squamous  epithelium ; 
the  bones  of  the  nose  may  atrophy  in  chronic  cases.  Ulcers  are  rarely 
formed,  but  erosions  are  common.  The  erectile  tissue  may  be  replaced  by 
newly  formed  connective  tissue,  and  the  columnar  epithelium  replaced  by 
squamous.  Simple  membranous  rhinitis  occasionally  follows  operations  on 
the  nose  and  the  application  of  the  actual  cautery. 

Diphtheritic  rhinitis  is  generally  secondary  to  the  ordinary  pharyngeal 
form  of  diphtheria,  but  may  be  primary.  The  disease  may  be  true  diph- 
theria, or  may  depend  upon  other  micro-organisms,  as  the  streptococcus,  in 
scarlatina  and  erysipelas.  The  hyperemic  mucous  membrane  in  diphtheritic 
rhinitis  is  covered  by  a  pseudomembrane  which  has  a  grayish  or  a  yellowish- 
gray  color,  and  forms  a  more  or  less  continuous  layer.  There  is  a  discharge, 
■which  may  be  mucopurulent  or  at  times  blood  tinged.  The  specific  micro- 
organism of  diphtheria,  when  present,  can  be  demonstrated  by  the  ordinary 
bacteriologic  examination. 

Syphilitic  rhinitis  is  rare,  except  as  syphilitic  coryza.  The  primary 
lesion  has  very  rarely  been  seen.  There  are  no  distinctive  features  by  which 
to  recognize  syphilitic  rhinitis,  the  affection  consisting  simply  of  erythe- 
matous patches  and  papules  that  may  ulcerate  and  lead  to  necrosis  and  exfo- 
liatiom  of  the  cartilage  and  bones.  Gummatous  inflammations  sometimes 
occur  beneath  the  periosteum  or  perichondrium  of  the  nasal  tissues,  and 
bring  about  a  deep-seated  and  destructive  ulceration  of  the  soft  parts.  The 
severity  and,  indeed,  the  naked-eye  appearance  of  the  condition  are  charac- 
teristic. Still  more  so  are  those  cases  in  which  there  is  a  more  or  less  cir- 
cumscribed destruction  of  the  bone  and  cartilages,  followed  by  a  sinking-in 
of  the  entire  nose  and  the  resulting  deformity  well  known  as  "  saddle  nose." 
These  inflammatory  conditions  are  commonly  associated  with  the  putrefac- 
tion of  the  purulent  secretions  retained  within  the  nose  {ozena  syphilitica). 
Drying  of  the  purulent  matter  upon  the  walls  of  the  nasal  cavity  causes  the 
formation  of  dirty-looking  crusts  which  are  removed  with  some  difficulty 
and  frequently  leave  abrasions.  The  gumma  seems  to  select  the  septum  as 
its  point  of  most  frequent  occurrence,  and  not  infrequently  leads  to  its  per- 
foration.    Sanger  describes  a  primary  syphilitic  caries  of  the  nasal  bones. 

Tuberculous  rhinitis  is  rare.  The  condition  leads  to  the  formation  of 
submucous  tubercles,  which  may  soften  and  ulcerate  and  eventually  lead  to 
caries  of  the  bone  and  cartilages,  accompanied  by  a  stinking  discharge 
{ozena  tuberculosis).  Tubercle  bacilli  are  present  in  the  discharges.  The 
tuberculous  ulcers  are  most  common  in  the  lower  part  of  the  nose  upon  the 
cartilaginous  septum.  The  primary  tubercular  lesions  of  the  nose  are  not 
infrequently  polypoid  in  form. 

Leprous  Rhinitis. — It  is  thought  by  Sticker  that  the  primary  infection  in 
lepra  usually  takes  place  in  the  nose.  The  nasal  lesions  are  constant  in  both 
the  nodular  and  anesthetic  form ;  the  relapses  of  the  disease  always  begin 
with  nasal  symptoms,  and  the  lepra  bacilli  are  first  found  in  the  nose.  The 
diseased  is  characterized  by  the  formation  of  erythematous  patches  and 
nodules.     There  are  not  infrequently  ulcerations,  and  there  is  a  mucopuru- 
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lent  discharge.  The  disease  may  extend  into  the  frontal  sinuses,  and  has 
been  known  to  penetrate  the  skull  and  lead  to  fatal  meningitis. 

Glanders  of  the  nose,  which  sometimes  occurs  in  the  human  subject,  is 
characterized  by  a  purulent  or  sanguinopurulent  catarrh.  In  the  mucous 
membrane  circumscribed  nodules  and  wide-spread  infiltrations  occur.  These 
suppurate  and  lead  to  the  formation  of  multiple  ulcerations,  which  may 
unite,  extend  to  the  deeper  tissue,  expose  the  bone,  and  lead  to  a  fatal  ter- 
mination. 

Tumors  of  the  Nose. — The  majority  of  these  are  known  to  clinicians 
and  surgeons  as /<?/)^/.  Four  kinds  are  usually  described  :  the  mucous,  the 
adenomatous,  the  cystic,  and  the  telangiectatic.  All  consist  of  a  stroma  of 
myxofibrous  tissue,  in  which  are  numerous  mucous  glands  and  upon  which  is 
reflected  the  Schneiderian  membrane. 

The  different  polypi  are  sufficiently  well  described  by  their  names.  They 
are  usually  pedunculated,  often  multiple.  They  most  commonly  arise  from 
the  mucous  membrane  covering  the  middle  turbinated  bone.  The  myxo- 
matous polypus  is  of  most  frequent  occurrence. 

Fibroma,  myxoma,  sarcoma,  chondroma,  osteoma,  and  osteofibroma  are 
all  occasionally  met  with  in  the  nose.  The  fibroma  may  be  highly  vascular, 
and  give  origin  to  severe  hemorrhages.  Carcinoma  sometimes  develops  from 
the  mucous  glands,  but  the  most  common  malignant  tumor  of  the  nose  is  the 
squamous  epithelioma,  which  develops  from  the  skin  of  the  upper  lip  and  als 
nasi.  Tumors  of  the  nose  not  infrequently  bring  about  a  deformity  of  the 
nose  well  known  as  "frog  face,"  by  distending  the  nasal  cavities. 

Papilloma  is  rare  in  the  nares,  and  forms  only  about  15  per  cent,  of  the 
benign  tumors.  The  chondroma  is  very  rare.  Osteoma  grows  from  the  nares 
and  accessory  sinuses,  producing  deformity  in  some  cases. 

Adenoma  is  uncommon.  Angioma  is  also  a  rare  tumor,  usually  with  a 
myxomatous  stroma. 

Sarcoma  is  the  most  frequent  malignant  tumor  of  the  nose,  developing 
from  the  septum,  floor,  and  outer  wall.  It  grows  rapidly,  and  is  prone  to 
bleed  at  the  slightest  touch.  It  is  almost  always  a  single  tumor,  sessile,  soft, 
dark  red,  and  vascular.     Its  presence  is  accompanied  by  a  fetid  discharge.. 

The  carcinoma  usually  begins  as  a  soft  papule  of  reddish  color.  It  is 
prone  to  undergo  early  ulceration,  and  then  presents  elevated,  infiltrated 
edges  and  a  sanious  base.     It  causes  an  early  swelling  of  the  lymphatics. 

Tumors  of  the  antrum  of  not  infrequent  occurrence  are  myxoma,  sar- 
coma, and  fibroma.      Cysts  are  occasionally  seen. 

Myiasis. — Flies  sometimes  cause  great  suffering  and  even  death  by  depositing  their  eggs  or 
larvse  in  the  nose.  Such  a  parasitic  invasion  is  rare  and  rarely  takes  place  outside  of  the 
tropics.  Leeches,  centipedes,  earwigs,  and  other  insects  have  entered  the  nasal  cavities  and 
caused  considerable  suffering  until  removed. 

Foreign  Bodies. — Children  not  infrequently  introduce  foreign  bodies,  which ,  if  notsoon 
expelled,  may  become  the  cause  of  chronic  inflammatory  conditions. 

Rhinolitlis. — In  nearly  all  diseases  of  the  nose  there  are  discharges  of  varied  character, 
which  not  infrequently  are  retained  within  the  nose  and  its  cavities,  where  they  inspissate  and 
form  crusts.  These  crusts,  and  also  sometimes  foreign  bodies  accidentally  gaining  entrance 
into  the  cavities  of  the  nose,  form  nuclei  upon  which  successive  layers  of  secretion  sometimes 
dry,  or  upon  which  successive  layers  of  mineral  matter  are  deposited  from  the  secretions,  so 
that  concretions,  of  which  lime  is  usually  the  most  important  mineral  constituent,  are  of  com- 
mon occurrence  in  the  nose.     These  concretions  or  calculi  are  known  as  rhinoliths. 

The  antrum  and  the  frontal  sinuses  are  subject  to  catarrh  and  acute  and  chronic  purulent 
inflammations. 

Some  mucous  accumulations  known  as  mucoceles  are  observed. 
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DISEASES  OF  THE  LARYNX. 

Acute  catarrhal  laryngitis  is  a  simple  catarrhal  inflammation  of  the 
larynx.  It  is  more  easily  recognized  during  life  by  the  aid  of  the  laryngo- 
scope than  on  the  autopsy  table  after  death. 

Etiology. — The  acute  cases  of  laryngitis  are  commonly  attributed  to  cold 
and  exposure  and  the  inspiration  of  extremely  hot  or  cold  air,  irrespirable 
gases,  and  irritating  dusts.  Many  cases  are  infectious  and  secondary  to 
infections  in  the  mouth,  pharynx,  or  lung. 

Morbid  Anatomy. — It  is  characterized  by  redness  and  swelling  of  the 
mucous  membrane,  a  primary  arrest  of  secretion,  and  later  by  the  secretion 
of  a  seromucous  or  sometimes  purulent  exudate.  It  is  exceedingly  common, 
and  usually  affects  the  whole  larynx,  though  occasionally  it  may  be  localized 
and  appear  only  on  the  epiglottis,  vocal  cords,  etc.  When  the  cause  is  of 
continuous  operation  and  the  conditions  do  not  speedily  return  to  normal,  a 
chronic  laryngitis  develops.  The  vessels  of  the  organ  remain  widened,  the 
epithelium  becomes  desquamated,  attempted  regeneration  causes  the  forma- 
tion of  more  or  less  thickened  patches;  and  submucous  infiltrations  with 
round-cells  lead  to  the  formation  of  circumscribed  or  diffused  thickenings. 
When  the  tissue  is  examined  microscopically,  the  only  important  change  is 
a  round-cell  infiltration. 

Granular  laryngitis  is  accompanied  by  enlargement  and  widening  of 
the  mucous  glands  on  the  lower  side  of  the  epiglottis,  false  vocal  cords,  and 
in  the  ventricles  of  the  larynx.  It  is  a  not  uncommon  affection,  and  leads 
to  a  granular  appearance  of  the  tissues.  In  cases  of  long  duration  ulcers  and 
erosions  of  the  superficial  tissue  may  occur  upon  the  vocal  cords  and  pos- 
terior commissure,  probably  from  a  collection  of  bacteria  upon  the  eroded 
surfaces.  Occasionally,  when  the  inflammation  is  traumatic  and  violent, 
acute  edema  of  the  glottis  results  from  a  serous  infiltration  of  the  inferior  sur- 
face of  the  epiglottis  and  the  aryteno-epiglottidian  folds,  causing  swelling 
of  the  mucous  membrane  extending  to  the  vocal  cords,  and  followed  by 
such  deformity  as  to  close  the  air-passages.  The  acute  edema  is  quite  fre- 
quently unilateral,  occurring  as  it  does  from  ulcerations  of  traumatic,  inflam- 
matory, or  malignant  origin.  In  this  way  it  can  be  separated  from  chronic 
edema  of  the  larynx  which  results  from  cardiac  failure,  emphysema,  com- 
pression of  the  veins  of  the  neck,  and  similar  causes.  This  form  is  always 
bilateral  and  symmetric. 

If  the  acute  inflammation  is  the  result  of  croup,  diphtheria,  gangrene, 
tuberculosis,  or  syphilis,  a  rapid  phlegmonous  infiltration  of  the  submucous 
tissue  of  the  organ  may  occur,  with  the  formation  of  mucous  and  sub- 
mucous abscesses.  This  phlegmonous  inflammation  may  extend  so  deeply 
into  the  cartilaginous  tissue  as  to  produce  perichondritis.  The  abscesses  may 
rupture  internally  in  the  larynx,  or  externally  in  the  pharynx,  esophagus,  or 
exterior  of  the  neck.  In  rare  cases  tonsillitis  and  traumatism  may  be  the 
cause  of  phlegmonous  laryngitis,  or  such  a  condition  may  occur  in  the  course 
of  typhoid,  scarlatina,  and  pyemia. 

Chronic  Laryngitis. — The  chief  characteristics  which  mark  the  trans- 
formation of  the  ordinary  into  the  chronic  form  of  laryngitis  are  vascular 
dilatation,  hypertrophy  of  the  mucous  membrane  in  all  its  layers  and  ele- 
ments, and  alteration  of  the  secretion.  Sir  Morell  Mackenzie  has  applied 
the  "KTca.  phlebectasis  laryngea  to  that  form  of  chronic  laryngitis  chiefly  char- 
acterized by  venous  dilatation.  Tiirck  has  spoken  of  a  chorditis  tuberosa  in 
which  the  vocal  cords  appear  nodular.  It  occurs  in  the  larynges  of  pro- 
fessional singers  and  criers.  Laryngitis  granulosa  is  a  very  frequent  accom- 
paniment of  the  granular  form  of  pharyngitis.     Its  appearance  differs  some- 


DISEASES  OF  THE  LARYNX. 


519 


what  from  the  pharyngeal  form,  because  of  the  difference  in  the  amount  of 
lymphoid  tissue  in  the  organs,  the  pharynx  being  particularly  rich  in  dis- 
seminated lymphoid  tissue,  while  the  larynx  contains  comparatively  little  or 
none  at  all  on  the  vocal  cords. 

Pachydermia  diffusa  laryngis  is  a  name  given  by  Virchow  to  a  chronic 
productive  inflammation  of  the  larynx  which  is  not  uncommon  in  criers  and- 
singers.  The  condition  is  recognized  by  a  bluish-white  discoloration  and 
thickening  of  the  vocal  cords,  most  noticeable  at'  the  posterior  commissure. 
The  bluish  color  depends  upon  a  pellicle  consisting  almost  exclusively  of 
squamous  epithelial  cells,  which,  when  grasped  with  the  forceps,  can  be 
divulsed,  leaving  an  entirely  normal  mucous  membrane.  In  severe  cases 
the  mucous  membrane  itself  thickens,  not  only  upon  the  vocal  cords,  but 
also  on  the  side  walls  of  the  larynx,  taking  on  a  grayish-white  color,  and 
becoming  dense  and  hard.  Sometimes,  instead  of  the  smooth  appearance 
described,  one  notices  that  the  surface  of  the  laryngeal  membrane  is  irregular 


Fig.  264. — Pachydermia  laryngis:  i,  Cylindric  epithelium;  2,  area  of  transition  into  (3) 
stratified  squamous  epithelium  ;  4,  papillary  body ;  5,  dilated  blood-vesstels  of  tunica  propria ; 
6,  mucous  glands  (X  60)  (Durck). 

and  covered  with  projecting  warts.  This  form  is  sometimes  c&Wed.  pachyder- 
mia verrucosa.  -  Orth  regards  the  pachydermia  verrucosa  as  closely  analogous 
to  tumor  formation. 

Specific  Inflammations  of  the  Larynx.— i.  Diphtheria. — Diph- 
theria maybe  primary  in  the  larynx,  or  may  follow  diphtheria  of  the  pharynx. 
Whether  primary  or  secondary,  the  disease  is  characterized  by  the  formation 
of  a  somewhat  firm,  whitish  or  yellowish-white  pseudomembrane,  which  may 
occur  in  a  single  small  area,  in  scattered  patches,  or  as  a  continuous  layer 
upon  the  inner  surface  of  the  larynx. 

As  is  usual  with  the  diphtheritic  membrane,  it  consists  of  a  coagulation 
necrotic  mass,  composed  of  fibrin  and  entangled  epithelial  cells  and  leuko- 
cytes. It  may  be  loosely  attached  to  the  mucous  membrane  of  the  larynx, 
or  may  be  intirhately  adherent  to  it,  so  that  when  divulsed,  a  red  and  moist 
surface  remains.  The  adherence  of  the  membrane  is  likely  to  be  more  inti- 
mate in  those  parts  of  the  larynx  which  are  covered  by  squamous  epithelium. 
The  membrane  may  extend  from  the  aryteno-epiglottidian  folds  to  the  true 
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vOcal  cords,  or  may  be  continued  into  the  ventricles  of  the  larynx  and  even 
into  the  trachea,  and  sometimes  even  extends  down  the  trachea  into  the 
bronchi.  Osier  speaks  of  having  seen  cases  in  \vhich  there  was  no  distinct 
membrane,  but  simply  a  friable  granular  deposit.  The  vocal  cords  seem 
particularly  predisposed"  to  the  occurrence  of  the  membrane.  Next  to  this, 
perhaps,  the  under  side'  of  the  epiglottis  and  the  aryteno-epiglottidian  folds.  ' 
When  recovery  takes  place,  the  membrane  is  apt  to  detach  in  larger  or 
smaller  pieces,  according  to  its  tenacity  and  the  rapidity  of  recovery,  so  that 
at  times,  and  especially 'after  the  use  of  antitoxic  serum^  the  entire  mem- 
brane may  be  detached  in  one  piece,  corresponding  in  shape  to  the  entire 
cavity  of  the  organ. 

All  pseudomembranous  inflammations  of  the  larynx  ai^e  not  necessarily 
true  diphtheria.  Experimental  studies  made  by  Re'itz,  Oertel,  and  others 
have  shown  that  the  inhalation  of  ammonium,  chlorin,  steam,  etc.,  may  pro- 
duce pseudomembranous  exudates,  and  the  occurrence  of  the  streptococcous 
pseudomembranous  inflammation  is  now  well  known.  '  The  staphylococcus 
and  colon  bacillus  likewise  occasionally  produce  pseudomembranous .  inflam- 
mation of  the  larynx. 

2.  Typhoid  Fever.'— Typhoid  fever  is  usually  accompanied  by  catarrhal 
laryngitis,  characterized  by  the  usual  signs,  together  with  desquamation  of 
epithelium,  occasional  ecchymoses,  and  erosions  upon  the  borders  of  the 
epiglottis.  A  pseudomembranous  condition  sometimes  occurs.  Ulcerations 
are  unusual. 

Eppinger  has  called  attention  to  certain  diffuse  or  nodular  soft  swellings 
of  the  mucous  membrane,  which  are  formed  by  a  submucous  cellular  infiltra- 
tion. They  usually  occur  at  the  base  of  the  epiglottis,  on  the  false  vocal 
cords,  and  on  the  anterior  commissure.  They  not  infrequently  ulcerate. 
He  is  of  the  opinion  that  these  formations  are  analogous  to  the  typhoid 
ulcerations  of  the  intestines. 

3.  Variola. — ^Small,  whitish,  punctiform  spots  or  small  nodules,  formed,  in 
part,  of  degenerated  epithelium,  and,  in  part,  of  cellular  infiltrations,  are 
'very  common  in  the  mucous  membrane  of  the  larynx  in  small-pox.  Pseudo- 
,membranous  inflammation  sometimes  occurs.       Occasionally,   in'  the  later 

stages  of  .the  disease,  little  hemorrhages,  minute  submucous  abscesses,  and 
perichondritis  may  develop. 

4-  Tuberculosis. — Tuberculous  laryngitis  is  one  of  the  most  common 
forms,  and  occurs  as  a  primary  as  well  as  a  secondary  process.  The  second-, 
ary  form  of  the  disease,  which  probably  most  frequently  results  from  the 
passage  through  the  larynx  of  infectious  material  from  the  lung,  is  the  more 
common  of  the  two.  The  disease  usually  manifests  itself  in  the  form  of 
miliary  tubercles  appearing  as  small  whitish  or  grayish,  slightly  projecting 
subepithelial  nodules.  These  either  undergo  hyperplasia  of  the  submucous 
tissue  with  the  formation  of  projecting  nodules,  warts,  or  actual  tumors,  or 
else  soften  and  ulcerate.  The  degeneration  of  the  tuberculous  tissue  occurs 
with  greater  rapidity  upon  the  vocal  cords  than  elsewhere. 

There  seems  to  be  no  rule  for  the  course  which  the  disease  shall  run : 
ulceration  sometimes  follows  rapid  softening,  and  leads  to  the  formation  of 
larger  or  smaller,  slightly  or  deeply  excavated,  irregular-shaped  ulcers,  with 
infiltrated  projecting,  and  sometimes  overhanging,  borders,  and  a  base  cov- 
ered with  a  grayish  or  yellowish  layer.  There  is  no  rule  for  the  occurrence 
of  these  tuberculous  ulcers,  their  distribution  being  purely  accidental.  At 
other  times  the  tuberculous  inflamination  is  distinctly  productive,  and  smaller 
or  larger  projecting  papillomatous  masses  are  found  upon  the  vocal  cords  or 
the  walls  of  the  larynx.  In  rare  cases  distinctly  circumscribed,  projecting, 
rounded  and  smooth,  tumors  are  found,  varying  in  size  from  a  pea  to  a  hazel- 
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nut.     These  may  be  either  solitary  or  multiple.     Microscopically,  they  con- 
sist of  rather  dense  fibroconnective  tissue  containing  tubercles. 

The  microscopic  lesions  may  assume  any  of  the  described  forms.  They  are 
commonly  situated  at  the  posterior  commissure,  upon  the  arytenoid  cartilages, 
the  aryteno-epiglottidian  folds,  the  ventricular  bands,  the  true  cords,  and 
rarely  upon  the  epiglottis.  The  slowly  spreading  form  of  tuberculosis  spoken 
of  as  lupus  is  most  common  upon  and  near  the  epiglottis.  It  extends  to  the 
neighboring  structures,  producing  a  nodular  infiltration  of  a  hyperplastic  and 
deforming  character.     Ulcerations  are  the  ultimate  outcome  of  the  process. 

According  to  Birch-Hirschfeld,  the  tubercles  are  always  to  be  found  in 
the  mucous  and  submucous  layer,  never  descending  so  low  as  the  mucous 
gland  layer.  As  they,  increase  in  size,  however,  they  go  deeper  and  deeper, 
until  not  only  the  soft  tissues,  but  also  the  cartilages  themselves,  may  be 
affected.  The  larynx  in  tuberculous  laryngitis  always  manifests  a  consider- 
able catarrh  with  its  associated  features.  In  rare  cases  edema  of  the  glottis 
and  phlegmonous  inflammations  are  found. 

In  lupus  of  the  larynx  miliary  tubercles  form  in  conglomerated  groups  upon 
a  somewhat  hyperemic  mucous  membrane,  so  that  uneven,  nodulated  patches 
are  formed.  Histologically,  however,  this  is  identical  with  the  other  tuber- 
culous lesion. 

5.  Syphilis. — Syphilitic  diseases  of  the  larynx  may  be  very  mild  or  very 
severe,  and  pass  through  all  the  intermediate  grades.  Any  of  the  syphi- 
litic lesions  may  occur  in  the  larynx,  though  some  are  more  common  than 
others. 

Primary  lesions  are  rare,  only  one  or  two  cases  being  on  record. 

Erythemata  occur  chiefly  in  the  secondary  stage  and  are  most  common 
during  the  fourth  to  the  sixth  month. 

Mucous  patches  are  extremely  rare,  and  are  encountered  in  the  beginning 
of  the  secondary  stage,  from  two  to  three  months  after  infection. 

Superficial  ulcerations  and  erosions  develop  from  the  mucous  patches. 

Gummata  are  common. 

Deep  ulcerations  follow  the  gumma. 

Cicatrices  occur  in  the  process  of  healing  and  may  be  so  severe  as  to  lead 
to  stenosis. 

The  most  simple  and  most  frequent  form  of  syphilitic  laryngitis  is  the 
ordinary  laryngeal  catarrh,  which  does  not  differ  in  any  essential  from  simple 
catarrh.  The  hyperemic  mucous  membrane  may  be  rosy  or  livid,  sometimes 
deepening  into  a  brownish  red.  Occasionally  the  vocal  cords  appear  dirty 
gray. 

Large  erosions  are  quite  common.  The  vocal  cords  sometimes  show 
loss  of  epithelium  and  sometimes  hyperplasia  of  the  epithelium.  Mucous 
patches  are  of  rare  occurrence  in  the  larynx.  They  are  usually  seen  upon 
the  free  edges  of  the  epiglottis,  over  the  cartilages  of  Santorini,  the  aryte- 
noid cartilage,  or  in  the  aryteno-epiglottidian  fold.  Lewin  finds  them  most 
common  in  the  middle  of  the  vocal  cords.  They  occur  as  rounded  or  oval, 
grayish-white  spots,  consisting  of  thickened  and  infiltrated  epithelium, 
which  do  not  project  very  considerably  from  the  surrounding  reddened  tis- 
sues. When  the  epithelium  is  desquamated,  the  patch  loses  its  grayish  color 
and  appears  reddish  and  more  like  an  erosion. 

Inflammatory  infiltrations,  consisting  of  small  round-cells,  are  of  common 
occurrence  in  syphilis.  They  usually  appear  upon  the  vocal  cords,  epiglottis, 
and  posterior  walls  of  the  larynx,  where  they  form  homogeneous  thicken- 
ings, which  sometimes  slightly  alter  the  form  of  the  part. 

The  gumma  of  the  larynx  has  no  point  of  election.  It  is  usually  situated 
in  some  vascular  tissue,  as  the  submucosa.     When  multiple,  gummata  appear 
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as  round,  sharply  circumscribed,  slightly  projecting  nodules  of  shot  or  pea 
size,  sometimes  lying  so  close  to  one  another  as  almost  to  fuse.  The  single 
gummata  occur  as  large  circumscribed  nodes  with  smooth  surfaces.  The 
inflammatory  infiltration  and  gumma  soften  and  ulcerate,  with  the  formation 
of  irregular  lesions,  the  borders  of  which  are  flat  or  slightly  swollen,  rarely 
undermined,  and  surrounded  by  a  marked  hyperemic  area.  The  base  of 
the  ulcer  usually  presents  a  creamy  coating,  upon  removal  of  which  a  pecu- 
liar white,  somewhat  tough,  firm,  infiltrated  tissue  appears.  The  ulcers  are 
more  prone  to  deep  erosion  than  to  superficial  extension,  and  not  infre- 
quently invade  the  cartilages,  with  the  production  of  perichondritis  and 
necrosis.  The  ulcerations  following  gumma  are  more  circumscribed  than 
those  following  cellular  infiltration,  and  present  very  much  the  appearance 

of  tissue  having  been  cut  out  with  a  punch. 
When  perichondritis  follows  syphilitic  ulcera- 
tion, it  is  apt  to  be  severe  and  destructive ;  not 
infrequently  abscesses  form,  with  fistulous  com- 
munications and  extensions.  Wide-spread  caries 
of  the  cartilages  and  occasional  exfoliation  and 
expulsion  of  fragments  or  whole  cartilages  are 
seen.  Gottstein  says  that  perichondritis  occa- 
sionally occurs  without  lesions  of  the  mucous 
membrane,  and  that  lesions  of  the  mucous  mem- 
branes may  depend  upon  abscess  formation  and 
rupture. 

The  most  serious  thing  about  syphilitic  laryn- 
gitis is  the  subsequent  formation  of  cicatrices. 
These  scars  consist  of  dense  cicatricial  tissue,  are 
usually  stellate  in  appearance,  and  almost  inva- 
riably contract,  the  contraction  causing  prominent 
projection  of  the  cicatricial  bands  as  ridges,  which 
here  and  there  cross  the  surface  of  the  organ. 
Should  such  cicatricial  tissue  involve  the  vocal 
cords,  or  by  their  contraction  pull  upon  the 
smaller  cartilages,  the  form  of  the  larynx  may 
be  changed,  the  deformity  being  sufficient  to  in- 
terfere with  its  proper  function. 

A  characteristic  of  the  syphilitic  scars,  first 
pointed  out  by  Virchow,  is  that  they  are  not  pro- 
ductive in  the  center,  though  the  edges  are  firm 
and  callous.  In  the  healing  of  the  syphilitic 
ulcers  it  occasionally  happens  that  small  frag- 
ments of  comparatively  healthy  mucous  mem- 
brane irregularly  project  from  their  borders.  These  may  take  on  a  subse- 
quent growth  suggestive  of  hard  papilloma.  The  ulcerations  usually  occur 
upon  the  epiglottis,  vocal  cords,  and  posterior  walls  of  the  larynx.  The 
extension  of  the  lesions  may  be  such  as  completely  to  destroy  the-  parts  of 
the  larynx  affected.  Fortunately,  all  cases  do  not  continue  unrestrained,  and 
it  is  common  to  find  the  gummata  and  round-cell  infiltration  absorbed  without 
ulceration,  and  the  ulcers  cicatrized  without  much  destruction  of  the  subjacent 
tissue. 

6.  Lepra. — The  lesions  of  lepra  are  similar  to  those  of  syphilis,  being 
characterized  by  the  formation  of  nodules  on  the  laryngeal  mucous  mem- 
brane. These  nodules  sometimes  remain  circumscribed  and  sometimes  coal- 
esce, producing  irregular,  thickened,  nodular  areas,  resembling  tuberculosis. 
Theyiulcerate  with  subsequent  cicatrization.     A  characteristic  which  can  be 


Fig.  265. — Syphilitic  scars  of 
the  larynx  and  trachea  (Orth). 
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used  to  differentiate  syphilitic  ulcerations  from  those  of  leprosy  is  the  non- 
productive character  of  the  central  part  of  the  cicatrix  in  the  former. 

7.  Glanders. — Glanders  of  the  larynx  is  a  very  rare  affection  in  man.  It 
is  characterized  by  the  formation  of  subepithelial  cellular  nodes,  which 
invariably  ulcerate  and  lead  to  the  formation  of  larger  and  smaller  denuded 
suppurating  surfaces. 

Tumors  of  the  Larynx. — Polypi. — Polypi  form  an  ill-defined  group  of 
morbid  growths  named  from  their  shape,  rather  than  from  their  histology. 
The  majority  of  them  are  probably  inflammatory  in  origin.  They  are 
common  upon  the  vocal  cords,  and  sometimes  attain  considerable  size; 
occasionally  they  are  cauliflower-like  or  dendritic,  and  are  then  spoken 
of  as  condyloma  acuminata.  They  are  composed  of  a  fibrous  framework 
covered  with  epithelium ;  there  is  usually  more  or  less  infiltration  with  small 
round-cells,  and  not  infrequently  a  number  of  more  or  less  dilated  blood 
vessels.  Such  polypi  or  papillomata  are  most  frequent  in  young  people. 
By  Sutton  they  are  described  as  laryngeal  warts,  and  are  said  to  occur  most 
frequently  immediately  beneath  the  vocal  cords,  and  they  not  uncommonly 
occur  beneath  the  attachment  of  the  vocal  cords  to  the  thyroid  cartilage. 
They  may  occur  upon  the  ventricular  bands  and  aryteno-epiglottic  bands 
and  even  upon  the  epiglottis.  Sometimes  a  single  wart  and  at  other  times 
a  dozen  are  present.  Braus  found  54  per  cent,  of  iioo  cases  of  laryngeal 
tumors  to  be  of  this  variety.  Mulberry-like  warts  have  occasionally  been 
seen  growing  from  the  floor  of  the  sinus  pyriformis.  Such  polypi  vary 
greatly  in  size,  some  being  no  larger  than  a  pin-head,  others  as  large  as  a 
cherry.  They  may  be  sessile  or  pedunculated,  the  length  of  the  peduncle 
modifying  the  extent  of  their  movability.  When  the  peduncles  are  long, 
they  are  apt  to  get  caught  between  the  vocal  cords  and  produce  dyspnea 
that  may  terminate  in  asphyxia.  They  are  usually  pinkish  in  color ;  if 
hemorrhagic,  red. 

Fibromata  form  about  from  8  to  10  per  cent,  of  laryngeal  tumors.  They 
are  usually  sessile,  and  occur  upon  the  vocal  cords.  They  form  small,  smooth, 
rounded  tumors. 

Pedunculated  fibromata  vary  in  size  from  a  lentil  to  a  hazelnut.  They  not 
infrequently  occur  upon  the  vocal  cords.  Lipoma,  chondroma,  myxoma, 
and  adenoma  are  of  rare  occurrence.  The  myxoma  is  said  always  to  occur 
upon  the  vocal  cords.  The  chondroma  occurs  in  adults,  and  forms  a 
smooth,  rounded,  sessile,  immovable  mass,  which  always  extends  inward. 
It  may  cause  stenosis.     The  cartilage  composing  the  tumor  is  hyaline. 

Lipoma  originates  from  the  aryteno-epiglottic  fold.  Erases  has  reported 
an  intralaryngeal  lipoma. 

Cysts  sometimes  occur  from  retention  of  the  secretion  of  the  mucous 
gland.  They  are  most  common  upon  the  epiglottis  and  in  the  ventricles  of 
the  larynx. 

Sarcoma  of  the  larynx  is  not  common.  It  may  occur  on  the  vocal  cords, 
ventricular  bands,  ventricles,  and  epiglottis.  It  is  usually  unilateral,  and  is 
occasionally  a  pedunculated  tumor.  Mackenzie  has  collected  9  cases  of 
spindle-cell  sarcoma  which  originated  from  the  tissues  of  the  epiglottis. 
The  tumor  may  assume  a  variety  of  external  appearances,  colors,  and  con- 
sistence. When  large  and  sessile,  the  tumors  are  smooth,  though  occa- 
sionally warty  in  appearance  and  lobulated.  The  color  is  pin-k,  meat- 
red,  or  dark  red,  sometimes  yellowish  or  grayish.  Both  the  round-cell  and 
spindle-cell  sarcomata  occur.  The  tumors  usually  confine  themselves  to  the 
laryngeal  cavity,  and  in  the  course  of  a  couple  of  months  begin  to  spread. 
They  do  not  affect  the  cervical  glands,  as  a  rule,  thus  differing  from  carci- 
noma. 
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Lymphosarcoma  of  the  mucous  membrane  is  rare. 

Cavernous  angiomata  are  of  very  rare  occurrence  in  the  larynx,  and  are 
seen  in  adult  life.  They  spring  from  the  vocal  cords,  ventricular  bands, 
epiglottis,  hyoid  fossa,  and  lingual  sinus.  The  tumors  are  generally  sessile, 
but  occasionally  pedunculated.  They  may  be  bright  red  or  purple  in  color. 
The  surface  is  sometimes  smooth,  sometimes  mulberry-like.  They  are  rarely 
larger  than  a  small  bean.  According  to  Sutton,  the  color  of  the  tumor  is  its 
most  striking  clinical  feature. 

Holt  reports  a  pedunculated  lipoma  of  the  arytenoid  epiglottic  fold  and 
side  of  the  epiglottis  which  extended  into  the  esophagus  for  a  distance  of 
22J  centimeters.     It  consisted  of  fat  covered  with  mucous  membrane. 

Secondary  epithelial  tumors  of  the  larynx  are  rare. 

Epithelioma. — Sutton  speaks  of  intrinsic  and  extrinsic  epitheliomata  in  the 
larynx,  the  former  arising  from  the  mucous  membrane  of  the  vocal  cords, 
ventricles,  and  ventricular  bands ;  the  latter  from  the  aryteno-epiglottidian 
folds,  the  membrane  covering  the  arytenoid  cartilages,  and  the  interarytenoid 
folds. 

The  intrinsic  form  usually  begins  in  one  of  the  ventricles,  and  is  warty. 
The  tumor  sometimes  takes  on  a  papillomatous  appearance,  but  in  cases  in 


Fig.  266. — Papillary  carcinoma  of  the  larynx  (Orth). 


which  it  is  difficult  to  differentiate  it  from  the  simple  wart  it  should  be  re- 
membered that  epithelioma  is  an  affection  of  adults  who  have  passed  the 
meridian  of  life.  Sutton  regards  any  wart-like  growth  in  an  individual  over 
forty  years  of  age  as  suspicious.  The  tumor  usually  grows  rapidly,  life  rarely 
being  prolonged  beyond  two  years. 

The  extrinsic  form  is  more  formidable,  in  that  it  extends  much  more 
rapidly  and  infects  the  lymphatic  glands  at  an  earlier  period.  True  carci- 
noma— that  is,  glandular  cancer — may  develop  from  the  mucous  glands  of 
the  larynx,  but  the  majority  of  cases  develop  from  the  lining  epithelium, 
and  probably  have  their  origin  in  simple  warts. 

Gottstein  describes  both  a  medullary  and  a  scirrhous  form,  of  which  the  one 
is  hard  and  the  other  soft.  The  epithelioma  he  describes  as  a  circumscribed, 
hemispheric,  warty,  cauliflower-like  or  coarsely  tuberculated  tumor  of  vary- 
ing size  and  shape,  which  develops  in  the  interior  of  the  larynx.  There  can 
be  no  doubt  but  that  this  description  refers  to  squamous  epithelioma. 

Histologically,  the  epithelioma  of  the  larynx  has  no  essential  peculiarities. 
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Diseases  of  the  Cartilages  of  the  Larynx. — Calcification  of  the 
cartilages  of  the  larynx  is  common  in  senility  and  in  chronic  inflammation. 
Most  of  the  diseases  of  the  cartilages  are  secondary  to  primary  affections 
already  pointed  out.  When  inflammatory  in  nature,  they  depend  upon 
tuberculosis,  syphilis,  phlegmons,  etc.,  by  which  the  cartilages  are  exposed 
and  the  way  opened  for  inflammation. 

Perichondritic  abscesses  are  worthy  of  special  consideration,  because 
their  rupture  into  the  larynx  is  occasionally  followed  by  secondary  in- 
flammation of  the  bronchial  tubes  and  lungs.  In  marasmus  and  in  the 
bedridden  it  sometimes  happens  that  the  pressure  of  the  larynx  upon  the 
vertebral  column  brings  about  necrosis  of  the  posterior  part  of  the  cricoid 
cartilage.  The  outcome  of  the  severer  forms  of  the  cartilaginous  diseases 
is  almost  invariably  necrosis  with  exfoliation  of  the  diseased  tissue,  some- 
times of  very  minute  portions  of  the  cartilage,  sometimes  of  entire  cartilages. 


Fig.  267. — Squamous  epithelioma  of  the  larynx :  a.  Tumor  upon  the  vocal  cord  and  con- 
tiguous tissue  ;  6,  ulceration  upon  opposite  side  of  larynx.  This  ulceration  was  caused  by  con- 
tact with  the  tumor;  c,  epiglottis ;  d,  section  through  the  posterior  part  of  the  thyroid  cartilage. 

DISEASES  OF  THE  TRACHEA. 

Inflammations. — These  may  be  catarrhal,  fibrinous,  diphtheritic,  my- 
cotic, and  ulcerative.  According  to  their  course,  they  may  be  acute  or 
chronic. 

Trachitis,  or  simple  inflammation  of  the  trachea,  has  no  essential  pecu- 
liarities. It  is  usually  a  secondary  infection,  depending  upon  diseased  con- 
ditions of  the  larynx  or  bronchi,  or  a  part  of  such  general  diseases  as  measles, 
variola,  influenza,  syphilis,  whooping-cough,  etc.  Diphtheritic  trachitis  is 
rare.  The  condition  is  usually  characterized  by  simple  redness,  with  slight 
swelling  of  the  mucous  membrane,  depending  upon  increased  vascularity  apd 
hypersecretion.  In  traumatic  lesions  produced  by  the  inhalation  of  irrespi- 
rable  substances  the  trachea  may  also  suff"er,  but  the  brunt  of  the  injury  is 
sustained  by  the  larynx.  The  necrotic  form  is  rare,  and  results  from  the 
intratracheal  growth  of  aspergillus,  leptothrix,  etc. 

Tuberculosis. — Primary  tuberculosis  of  the  trachea  seems  to  be  exceed- 
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ingly  rare.  The  majority  of  cases  depend  upon  secondary  infection  from 
primary  diseases  of  the  lungs.  The  lesions  usually  appear  as  small,  isolated, 
miliary  tubercles  or  tuberculous  ulcers.  If  these  attain  sufficient  size  and 
extend  deeply  enough,  the  cartilaginous  tissue  may  be  invaded  and  destroyed. 

Syphilis. — Syphilitic  trachitis  is  rare.  The  upper  part  of  the  trachea 
not  infrequently  suifers  from  an  invasion  of  the  lesions  from  the  larynx. 
Gumma,  however,  may  occur  in  the  larynx  and  trachea  as  well,  and  by 
softening,  produce  the  characteristic  ulceration  followed  by  stellate  cica- 
trices, which  contract  and  narrow  the  lumen  of  the  tube. 

Tumors. — Fibroma,  sarcoma,  chondroma,  osteoma,  adenoma,  and  carci- 
noma, together  with  various  secondary  tumors,  have  been  described.  The 
secondary  tumors  most  commonly  originate  in  the  thyroid  gland. 

Primary  carcinoma  of  the  trachea  may  occur  from  the  epithelial  cells  of 
the  mucous  glands. 

Secondary  epithelioma  from  primary  tumors  of  the  esophagus  is  not 
common. 

Cysts. — These  are  occasionally  seen  on  the  posterior  wall  of  the  tube, 
and  sometimes  attain  the  size  of  a  hazelnut  or  walnut ;  they  usually  project 


Fig.  268. — Diphtheria  of  the  trachea  (Weigert's  fibrin  stain) ;  i,  Infiltrated  tissue  of  the 
tunica  propria  ;  2,  fibrin  layer  covering  the  largely  necrotic  mucous  membrane ;  3,  remains  of 
epithelium  ;  4,  peripheral  layer  of  the  diphtheric  pseudomembrane,  consisting  of  nuclear  frag- 
ments and  leukocytes;  5,  non-nucleated  necrotic  masses  (X  130)  (Diirck). 

outward  between  the  trachea  and  the  esophagus,  and  probably  depend  upon 
obstruction  of  the  mucous  glands. 


DISEASES  OF  THE  BRONCHI. 

Bronchitis. — This  is  the  most  common  affection  of  the  bronchial  tubes, 
as  well  as  one  of  the  most  common  of  the  respiratory  apparatus.  It  is  gen- 
erally an  acute  catarrhal  inflammation  of  unknown  origin,  affecting  the 
rnucous  membrane  of  the  bronchi,  and  characterized  by  a  marked  conges- 
tion with  an  accompanying  mucous,  serous,  purulent,  mixed,  or  fibrinous 
exudate.  The  mucous  membrane  appears  bright  red  or  purple,  thick, 
opaque,  and  velvety.  The  mucus,  which  is  secreted  in  considerable  quan- 
tities, is  derived  from  the  much-enlarged  mucous  glands  and  also  from 
goblet  cells,   of  which  the  mucous  membrane  furnishes  a  large  number. 
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Swelling  of  the  mucosa  diminishes  the  caliber  of  the  tubes  and  tauses 
dyspnea  and  accelerated  breathing. 

Etiology. — The  etiology  of  bronchitis  is  obscure.  Popular  experience 
sanctions  the  belief  that  it  depends  upon  exposure  to  cold.  Some  believe  it 
to  be  due  to  &  paralysis  of  the  blood  vessels  caused  by  cold.  It  may  follow  the 
inhalation  of  hot  or  cold  air  or  irrespirable  gases.  The  fact  that  the  affection 
is  ushered  in  with  malaise,  aching  in  the  bones,  a  sense  of  constriction  of  the 
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Fig.  269. — Bronchiectasis.  Section  through  a  greatly  dilated  and  atrophic  bronchial  tube. 
The  mucous  lining  is  present,  though  in  a  state  of  catarrhal  inflammation.  The  wall  of  the  tube 
is  supported  by  indurated  pulmonary  tissue  (Oc.  4 ;  Ob.  3). 


chest,  etc.,  might  indicate  that  intoxication  has  something  to  do  with  it.  On 
the  other  hand,  the  fact  that  many  cases  begin  with  coryza  and  successively 
suffer  from  pharyngitis,  laryngitis,  trachitis,  and  bronchitis,  suggests  that  it  is 
a  specific  process  with  a  progressive  invasion.  Bergey  thinks  it  depends 
upon  bacteria  regularly  present  in  the  respiratory  passages.  No  specific  bac- 
terium has  been  found. 

Ziegler  describes  two  forms  of  bronchitis  :  bronchorrhoea  serosa,  in  which 
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the  expectoration  is  serous  in  character ;  bronchoblennorrhea,  in  which  .the 
secretion  is  purulent.  A  fetid  secretion  usually  depends  upon  the  entrance 
of  putrefactive  bacteria.  The  disease  is  a  very  simple  one,  and  charac- 
terized chiefly,  as  seen  at  autopsy,  by  redness  and  increased  secretion. 
Should  the  bronchial  walls  be  examined  microscopically,  however,  multi- 
plication and  desquamation  of  the  epithelial  cells,  copious  formation  of 
goblet  cells,  and  a  moderate  amount  of  cellular  infiltration  of  the  subepi- 
thelial tissues  may  be  observed.  In  severe  cases,  depending  upon  local 
infection  of  the  deeper  portions  of  the  lung,  the  inflammatory  process 
sometimes  extends  through  all  the  thickness  of  the  tube  to  the  surrounding 
pulmonary  tissues.  The  disease  readily  recovers.  When  of  prolonged  dura- 
tion, it  is  likely  to  be  followed  by  atrophy  of  the  bronchial  walls,  consider- 
able relaxation,  and  occasional  localized  hyperplasia. 

Bronchiectasis. — Protracted  cases  of  bronchitis  may  lead  to  atrophy 
and  relaxation  of  the  tubes,  which  in  turn  predispose  to  dilatation.  Such 
dilatations  were  described  by  Laennec  as  bronchiectases.  They  are  most 
commonly  seen  in  the  lower  and  middle  lobes  of  the  right  lung,  and  are 
either  cylindric,  fusiforrn,  or  saccular  in  shape.  They  are  most  common  in 
tubes  of  the  second  and  third  subdivisions.  There  may  be  one  dilatation 
upon  a  single  bronchus,  or  many  of  the  tubes  may  show  them.  Different 
forms  may  occur  at  the  same  time,  and  atrophy  of  the  intervening  tissue 
may  cause  neighboring  dilatations  to  communicate. 

Etiology. — The  etiology  of  bronchiectasis  can  probably  be  summed  up 
in — (i)  Increased  air-pressure  from  chronic  bronchitis  with  cough.  (2) 
Relaxation  of  the  tissues  depending  upon  inflammation.  (3)  Pressure  of 
stagnating  secretions.  (4)  Traction  on  the  bronchial  walls  by  cicatricial 
bands  in  the  lung.  , 

The  cause  of  the  bronchiectasis  is,  no  doubt,  the  pressure  of  the  air  upon 
the  yielding  vessel-wall.  If  the  yielding  be  uniform,  a  cylindric  dilatation 
results,  but  if  it  is  irregular  because  of  local  disease  of  the  vessel-wall,  a 
saccular  dilatation  results.  There  is  but  slight  anatomic  alteration  of  the 
tube.  Laennec  described-  dilatations  with  thickening,  without  thickening, 
and  with  thinning  of  the  walls.  In  rare  instances  the  cartilaginous  plates 
disappear  and  are  replaced  solely  by  connective  tissue.  Laennec  believed 
that  bronchial  catarrh  was  the  exciting  cause  of  the  dilatations. 

It  sometimes  happens  that  when  the  entrance  of  air  into  one  lung  is  pre- 
vented and  an  excess  is,  in  consequence,  thrown  into  the  other,  the  pressure 
of  the  air  within  the  bronchi  becomes  greater  than  they  can  stand,  and 
dilatation  of  the  tubes  results.  Grawitz  -has  seen  a  case  of  congenital 
bronchiectasis.  Occasionally  the  shrinkage  of  the  surrounding  lung  tissue, 
as  in  cases  of  fibroid  phthisis,  operates  upon  the  bronchial  tubes  in  such  a 
way  as  to  stretch  them  and  increase  their  lumen. 

Retained  secretions  that  collect  in  the  lumen  of  the  bronchus  usually 
cause  saccular,  but  occasionally  cylindric,  dilatations.  When  numerous, 
the  saccular  dilatations  may  be  arranged  along  the  length  of  a  tube  like 
beads  on  a  string.  Numerous  bronchiectatic  dilatations  give  a  section  of 
the  lung  tissue,  especially  when  indurated,  the  appearance  of  being  full  of 
holes.  The  retention  of  secretion  within  the  cavities  sometimes  causes  the 
formation  of  cysts. 

The  mucous  membrane  undergoes  marked  atrophic  changes  similar  to 
those  seen  in  chronic  bronchitis.  The  epithelial  layer  loses  its  cells,  and 
the  submucous  tissue  undergoes  a  marked  connective-tissue  hyperplasia. 

Ulcerations  of  the  bronchial  vessels  sometimes,  follow  acute  and  chronic 
inflammations,  sometimes  depend  upon  the  entrance  of  foreign  bodies  into 
the  tubes.     The  most  common  causes,  however,  are  tuberculosis,  syphilis. 
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and  epithelioma.  The  ulcerations  may  be  superficial,  destroying  more  than 
the  mucous  membrane,  or  may  be  deep,  and  lead  to  necrosis  of  the  car- 
tilages or  perforation  of  the  bronchial  tube.  Through  the  perforation  thus 
formed  purulent  or  mucopurulent  secretion  of  infectious  nature  can  escape 
into  the  parenchyma  of  the  lung,  where  inflammatory  infiltration,  necrosis, 
ciseation,  and  suppuration  may  occur,  according  to  the  nature  of  the  infec- 
tion. Secondary  infections  of  the  surrounding  tissue  are  described  as  peri- 
bronchitis, and  cavities  may  be  formed  in  the  lung  tissue  by  their  erosion. 

Cavities  of  this  kind  are  not  infrequent  in  tuberculosis,  the  wall  of  the 
cavity  consisting  of  infiltrated,  consolidated,  gangrenous,  or  cheesy  lung 
tissue.  The  contents  of  the  cavity  vary  according  to  its  formation — in  cases 
of  gangrene  consisting  of  fetid  material ;  in  cases  of  tuberculosis,  of  soft, 
cheesy,  or  creamy  pus  ;  and  in  more  simple  infections,  of  mucopurulent 
matter.  Occasionally  the  bronchial  tubes  are  perforated  from  without,  espe- 
cially in  pulmonary  tuberculosis  with  enlargement  of  the  bronchial  glands 
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Fig.  270. — Caseous  bronchitis.  Transverse  section  through  a  small  bronchus  and  sur- 
rounding lung  tissue.  The  wall  of  the  bronchus  is  completely  broken  down,  caseated  (i),  its 
lumen  partly  filled  with  the  cheesy  material  (2).  The  tuberculous  process  extends  in  a  cir- 
cular manner  outward  to  the  surrounding  lung  tissue  ;  the  alveoli  of  the  latter  are  infiltrated 
and  filled  with  numerous  confluent  tubercles  (3)  (X  40)  (Diirck). 

and  pressure  upon  the  bronchial  tubes.  Aneurysms  sometimes  press  against 
the  bronchial  tubes,  and  lead  to  atrophy  and  perforation. 

Birch-Hirschfeld  restricts  the  term  bronchitis  to  inflammation  of  the 
larger  tubes,  and  prefers  to  use  the  term  bronchiolitis  for  inflammation  of  the 
tubes  below  the  third  or  fourth  bifurcation.  Inflammation  of  these  bron- 
chioles does  not  differ  from  inflammation  of  the  larger  tubes,  except  that 
the  thinness  of  the  walls  facilitates  the  spread  of  the  inflammation  from  the 
tubule  to  the  surrounding  tissue,  and  thereby  occasions  a  frequent  combina- 
tion of  inflammation  of  the  tubule  and  surrounding  tissue,  a  condition 
described  as  bronchopneumonia  or  peribronchial  pneumonia. 

While  bronchiolitis  is  not  easily  differentiated  from  bronchitis  anatomi- 
cally, the  two  affections  are  quite  different  clinically.  Bronchiolitis  is  usu- 
ally a  primary  affection  of  the  larger  tubes  observed  in  extremes  of  life — 
infancy  and  old  age.     It  is  frequently  accompanied  by  bronchopneumonia. 

Fibrinous  Bronchitis. — True  diphtheria  of  the  bronchi  is  very  rare, 
and  -is  usually  secondary  to  diphtheria  of  the  larynx.  A  non-diphtheritic 
croupous  or  fibrinous  bronchitis  may  occur  in  croupous  pneumonia  and  in 
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Streptococcus  infection.     The  infected  tubes  are  reddened  and  inflamed  and 
covered  with  a  grayish  or  grayish-yellow  pseudomembrane. 

The  term  fibrinous  bronchitis  usually  refers,  however,  to  a  quite  different 
affection,  characterized  by  the  infrequent  occurrence  of  violent  attacks  of 
cough,  followed  by  the  expectoration  of  a  peculiar,  firm,  coherent  and 
fibrinous,  dendritic  mass,  corresponding  to  the  small  bronchial  tube  with  its 
minute  ramifications.  The  disease  begins  with  catarrhal  bronchitis,  more 
rarely  with  sudden  dyspnea  and  fever.  In  a  few  days  the  characteristic 
fragments  occur  in  the  expectoration.  It  is  said  that  in  very  severe  cases 
the  obstruction  of  the  smaller  branches  of  the  bronchial  tree  by  this  coherent 
mass  may  lead  to  death  from  asphyxia.  The  larger  end  of  the  expectorated 
mass  corresponding  to  the  largest  of  the  tubes  is  usually  hollow  ;  the  smaller 
parts,  solid.  The  structure  is  frequently  stratified.  The  color  varies  from 
yellowish-gray  to  reddish.  Charcot-Leyden  crystals  are  common  in  the 
mass,  and  Curschmann's  spirals  not  infrequently  occur  at  the  termination  of 
the  finest  branches  of  the  coagulum.  The  epithelium  of  the  tube  is  some- 
times detached  with  the  cast.  Neel- 
son  found  that  the  material  forming 
these  branched  masses  is  not  fibrin, 
not  answering  to  the  reactions  for 
fibrin,  but  inspissated  mucus. 

Syphilis  of  the  bronchial  vessels 
is  a  very  rare  affection,  and  has  no 
essential  peculiarities,  the  lesions  re- 
sembling those  seen  in  the  larynx 
and  trachea.  In  rare  cases  in  which 
gumma  forms,  it  may  be  impossible 
to  distinguish  between  gumma  of  the 
bronchus  and  gumma  of  the  lung. 

Tuberculosis  of  the  bronchial 
tubes  is  one  of  the  most  constant, 
if  not  invariable,  accompaniments  of 
pulmonary  tuberculosis.  It  usually 
occurs  in  the  smaller  vessels  in  the 
neighborhood  of  the  tuberculous  tis- 
sue, but  from  any  primary  focus  may 
extend  along  the  tube  in  the  peribron- 
chial lymphatic  tissue.  Probably  the 
usual  mode  of  infection  is  from  the 
lumen  of  the  tube,  through  infectious  matter  which  it  contains.  Especially  is 
this  true  in  cases  in  which  there  are  cavities  in  the  lung,  or  in  which  there  are 
softened  pulmonary  tissues,  from  which  purulent  material  containing  tuber- 
cle bacilli  enters  the  bronchial  vessels.  The  lesion  usually  begins  with  the 
formation  of  small  gray  tubercles  projecting  slightly  from  the  surface,  and 
tending  to  increase  in  size  and  number,  caseate  and  ulcerate,  leading  to  the 
formation  of  excavated  ulcers,  the  borders  and  base  of  which  consist  of 
necrotic,  whitish,  softened  material.  In  the  histologic  study  of  the  bronchial 
vessels  one  must  remember  that  they  contain  scattered  collections  of  lymphoid 
tissue,  which  must  not  be  mistaken  for  tubercles. 

In  any  diseased  condition  in  which  the  bronchial  vessels  are  the  seat  of 
inflammatory  infiltration  there  is  always  danger  that  the  collection  of  secre- 
tions upon  the  surface  and  in  the  lumen  of  the  tube  may  obstruct  it.  Such 
obstructions  are  temporary,  as  a  rule,  and  disappear  with  the  removal  of  the 
cause,  which  is  either  absorbed  or  expectorated.  If,  however,  the  obstruc- 
tion should  be  of  such  a  nature  that  its  removal  is  impossible  or  accomplished 


Fig.  271. — Large  bronchial  coagulum  ;  chronic 
fibrinous  bronchitis  (Vierordt). 
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with  great  slowness,  permanent  obstruction  may  follow.  The  most  common 
cause  of  permanent  obstruction  and  obliteration  of  the  smaller  bronchial 
tubules  is  tuberculosis  of  the  lung.  Ziegler  states  that  it  is  possible  to  find 
obliterated  bronchioles  in  every  tuberculous  lung. 

The  contents  of  these  obliterated  bronchioles  is  usually  caseous,  so  that 
a  section  which  passes  through  them  appears  to  sever  a  rounded,  encapsu- 
lated, caseous  node,  the  contents  of  which  may  be  sharply  defined  or  may 
merge  into  its  capsule. 

When  retained  secretions  from  old  catarrhal  affections  of  the  lungs  cause  permanent 
obstruction  of  a  more  benign  nature,  one  sometimes  finds  lime-salts  deposited  in  the  secre- 
tion, causing  a  true  bronchial  calculus  {bronchiolUh).  Obstruction  of  the  bronchial  tubes  also 
sometimes  follows  the  entrance  of  foreign  bodies,  and  may  result  from  the  contraction  of  scars. 
Retained  foreign  bodies  cause  bronchitis,  and  may  lead  to  saccular  bronchiectasis.  Deposi- 
tion of  lime-salts  upon  them  changes  them  to  bronchioliths.  It  also  sometimes  happens  that 
the  pressure  of  aneurysms,  neoplasms,  and  other  external  growths  may  cause  more  or  less 
complete  and  permanent  obstruction. 

Following  chronic  bronchitis  of  any  kind,  perhaps  more  often  in  those  forms  in  which 
plugs  of  retained  secretions  occur  in  the  lung,  one  finds  an  increase  in  the  amount  of  connec- 
tive tissue  surrounding  the  bronchial  vessels,  leading  Xo  fibrous  peribronchitis.  Ziegler  divides 
bronchitis  into  endobronchitis,  the  usual  form,  mesobronchitis.  the  chronic  form,  in  which, 
together  witli  inflammation  of  the  lining  membrane,  there  is  an  increased  production  of  con- 
nective tissue  in  the  deeper  coat,  and  feribronchiiis,  in  which  the  inflammation  is  altogether 
without  the  vessel,  and  is  sometimes  associated  with  peribronchial  lymphangitis.  All  the  con- 
ditions may  succeed  the  first,  or  all  may  occur  together,  or  they  may  occur  in  the  reversed 
order,  as  in  cases  in  which  inflammations  of  the  pleura  have  extended  along  the  interlobular 
septa  to  the  peribronchial  connective  tissue. 

Tumors  of  the  Bronchi. — Polypi  sometimes  occur  as  the  result  of 
chronic  catarrh.  They  consist  chiefly  of  outgrowths  of  mucous  menibrane, 
which,  no  doubt,  have  originated  as  small  villosities  at  the  edges  of  cica- 
trized ulcers.  Lipoma  has  occasionally  been  seen.  Birch-Hirschfeld  has 
reported  three  cases  of  the  small  round-cell  sarcoma  of  the  larger  bronchial 
branches.  Bronchial  cancer  is  rare ;  it  usually  has  its  point  of  origin  in  the 
branches  of  the  second  or  third  order,  and  is  confined  to  one  lobe  of  the 
lung — more  commonly  the  lower  lobe.  On  examination  the  tumor  appears 
as  a  medullary,  soft  infiltration  of  the  bronchial  wall,  in  which  the  layers  are 
gradually  lost. 

DISEASES  OF  THE  LUNGS. 

I.  DISEASES  DEPENDING  UPON  ABNORMALITIES  IN  THE  DISTRIBUTION 

OF  THE  AIR. 

Atelectasis  or  collapse  of  the  lung  may  be : 

{a)  Congenital. — This  is  sometimes  spoken  of  as  apneumatosis.  Fetuses 
always  have  solid  and  unexpanded  lungs  resembling  liver  tissue  ;  the  entrance 
of  air  with  the  first  inspirations  causes  an  entire  change  in  their  appear- 
ance.    Failure  of  expansion  of  any  part  of  a  lung  \%  fetal  atelectasis. 

Etiology. — There  may  be  various  causes  :  thus,  a  bronchus  may  be  closed 
from  obstructing  mucus  or  meconium,  or  the  lung  may  be  pressed  upon  or 
diseased,  or  there  may  be  insufficient  respiratory  energy,  especially  in  pre- 
maturely born  children.  Atelectasis  depending  upon  obstruction  is  spoken 
of  by  clinicians  as  obstruction  atelectasis. 

(J})  Acquired. — Atelectasis  is  acquired  when  it  develops  after  the  lungs 
have  once  been  fully  expanded. 

Etiology. — The  lung  may  be  compressed  by  pleuritic  effusions,  pneumo- 
thorax, upward  pressure  of  the  diaphragm,  from  diseases  of  the  abdomen, 
deformities  of  the  spinal  column,  neoplasms,  etc.  ;  or  a  bronchus  may  be 
plugged  by  inspired  foreign  bodies  or  secretions,  and  the  air  subsequently 
absorbed,  so  that  the  air-cells  collapse.     The  lung  tissue  appears  pale-red, 


532  DISEASES   OF  THE  RESPIRATORY  SYSTEM. 

violet,  purplish-gray,  or  brownish  in  color,  and  is  tough,  hard,  dry,  empty 
of  air,  and  does  not  crepitate.  Fragments  of  the  tissue  sink  in  water. 
When  the  collapse  is  recent,  the  lung  may  sometimes  be  artificially  ex-, 
panded  during  life  by  blowing  into  the  windpipe,  or  after  death  by  inflating 
the  bronchial  tubes.  When  the  condition  has  persisted  for  a  considerable 
length  of  time,  it  is  quite  usual  for  congestion  of  the  tissue  to  take  place, 
and  the  lung  to  appear  of  a  darker  color  and  peculiar  consistence,  described 
by  the  term  carnification.  This  condition  leads  in  its  turn  to  a  still  more 
altered  appearance,  known  as  splenization,  in  which  there  is  proliferation  of 
the  connective  tissue,  the  tissue  having  the  color  and  consistence  of  splenic 
substance.  In  cases  of  extreme  weakness  from  phthisis,  typhoid,  nervous  dis- 
eases, etc.,  in  which  the  body  maintains  the  same  position  for  a  long  time, 
a  marasmatic  atelectasis  may  develop.  Obstructive  atelectasis  is  the  most 
common  form,  its  most  frequent  cause  being  inflammation  of  the  bronchioles. 
It  occurs  in  irregularly  distributed  patches,  which  cause  the  lung  to  present 
upon  its  surface  alternating  patches,  dark  bluish  red,  pale  red,  or  grayish  in 
color,  in  marked  contrast  to  the  pink-white  or  grayish  color  of  the  normal 
lung  tissue. 

When  an  atelectatic  area  remains  from  infancy  to  adult  life,  its  appear- 
ance is  that  of  a  depressed,  perfectly  white  area,  covered  with  thickened 
pleura,  which  not  infrequently  rubs  upon  a  thickened  parietal  pleura.  When 
incised,  it  is  found  to  contain  numerous  bronchiectatic  dilatations,  some 
of  which  are  empty,  others  filled  with  inspissated  mucus.  The  bronchial 
openings  are  for  the  most  part  tubes  which  pass  through  the  atelectatic  area 
on  their  way  to  the  normal  tissue  beyond.  When  examined  microscopically, 
the  tissue  appears  highly  vascular,  entirely  free  of  pigment,  and  resembles 
fetal  lung.  Epithelial  cells  are  found  in  some  of  the  alveoli.  The  local 
areas  are  most  frequently  observed  upon  the  base  of  the  left  upper  lobe, 
middle  right  lobe,  and  posterior  part  of  both  lower  lobes 

Emphysema,  or  pulmonary  inflation,  is  a  condition  in  which  the 
lung  contains  an  abnormally  great  amount  of  air.  It  is  important  to  differ- 
entiate between  it  and  simple  pulmonary  inflation,  such  as  follows  obstruc- 
tion to  the  flow  of  air  into  central  parts  of  the  lung,  and  allows  its  excessive 
entrance  into  other  parts.  This  is  usually  a  temporary  matter,  and  not  par- 
ticularly serious.  Birch-Hirschfeld  includes  as  emphysema  only  such  cases 
as  present  a  histologic  alteration  of  the  alveolar  walls.  To  the  pulmonary 
inf[ation  caused  by  forced  inspiration  clinicians  have  applied  the  term  acute 
vesicular  emphysema.  The  air-cells  are  not  altered  in  structure,  but  are 
simply  dilated  beyond  their  usual  capacity. 

Etiology. — The  most  common  cause  is  bronchopneumonia.  The  dis- 
tended lobules  are  pale,  spongy,  and  anemic,  and  project  beyond  the  surface 
of  the  lungs. 

When  the  pressure  of  the  air  is  great,  the  air-cells  sometimes  burst 
and  allow  the  air  to  escape  into  the  interstitial  pulmonary  tissues.  This  is 
spoken  of  as  interstitial,  intervesicular,  or  interlobular  emphysema.  It  occurs 
in  consequence  of  violent  cough  in  bronchitis  or  bronchopneumonia.  The 
escaped  air  outside  of  the  alveoli  may  compress  and  occlude  them  and  lead 
to  death  from  asphyxia.  Ordinarily  the  condition  is  not  very  serious,  and 
the  number  of  air-cells  that  rupture  is  very  small.  The  ruptures  usually 
occur  on  the  interior  surface  of  the  upper  lobe  of  the  lung,  and  the  air  usu- 
ally escapes  so  as  to  form  little  bladders  varying  in  size  from  a  pin-head  to 
a  chestnut.  These  little  bladders  sometimes  travel  along  from  the  point  of 
origin  to  the  hilus  of  the  lung,  and  the  air  occasionally  enters  into  the 
areolar  tissue  of  the  mediastinum. 

Chronic,  substantial,  idiopathic,  or  diffuse  emphysema  is  usually  found 
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in  persons  who  suffer  from  chronic  bronchial  catarrh,  or  whose  occupations 
interfere  with  the  free  entrance  and  exit  of  air  from  the  lungs.  A  few 
individuals  seem  hereditarily  predisposed  to  it.  The  disease  is  characterized 
by  great  enlargement  and  distention  of  the  lungs.  Both  lungs  are  affected, 
and  usually  equally  so.  The  edges  are  particularly  inflated  and  rounded. 
At  the  base  of  the  lung  one  very. often  finds  groups  of  enormoush-  distended 
lobules  forming  distinct  air-bladders.  The  lungs  are  unusually  pale  in  color ; 
when  the  chest  is  opened,  they  do  not  readily  collapse,  and,  therefore,  are 
less  elastic  than  normal.  When  emptied  of  air,  they  are  small,  very  soft  and 
flabby,  and  the  edges  are  almost  membranous. 

When  the  tissue  is  examined  microscopically,  one  cannot  fail  to  be  struck 
by  the  enormous  size  of  the  air-cells,  which  are  not  only  distended,  but 
have  lost  many  of  the  interalveolar  septa,  so  that  neighboring  air-cells  unite 
and  form  abnormally  large  cavities.  With  the  loss  of  the  interalveolar  septa 
the  capillary  surfaces  are  much  reduced,  and  the  oxj'genation  of  the  blood 
greatly  lessened. 

Etiology. — Numerous  theories  have  been  suggested  to  explain  idiopathic 
emphysema,  of  which  none  is  perfectly  satisfactory.  Three  of  these  are 
usually  mentioned : 

1.  The  inspiration  theory  teaches  that  the  air-cells  become  overdistended 
with  air  in  consequence  of  diminished  expiratory  force,  due  to  loss  of  elas- 
ticity of  the  lungs  and  chest. 

2.  The  expiratory  theory  explains  the  changes  by  presuming  that  the 
apices,  margins,  and  edges  of  the  lung  are  dilated  when  the  escape  of  air 
from  them  is  prevented  by  a  partially  closed  glottis,  etc.,  during  cough, 
straining  at  stool,  lifting,  etc. 

3.  The  nutritive  theory  teaches  that  the  disease  depends  upon  histologic 
changes  in  the  interalveolar  septa,  which  lose  their  elastic  tissue  and  then  can 
no  longer  contract  to  expel  the  air. 

Most  likely  it  depends  upon  an  interference  with  the  exit  of  air  from  the 
lungs ;  thus,  it  is  found  in  those  who  play  wind-instruments  in  bands  and 
especially  such  instruments  as  require  forcible  blasts  of  air  ;  and  among 
glass-blowers,  who  make  deep  inspirations  and  expire  against  considerable 
resistance.  The  same  condition  may  be  operative  in  cases  of  chronic  catarrh 
of  the  lung,  in  which  the  patient  inspires  deeply  and  then  expires  violently 
against  secretions  which  partially  interfere  with  the  escape  of  the  air,  and 
which  he  hopes  to  discharge  by  expectoration.  In  both  conditions  there  is 
a  preliminary  inspiration  of  unusual  depth,  but  whether  it  is  this  or  the  forci- 
ble expiration  against  resistance  that  brings  about  the  distention,  it  is  difficult 
to  say.  A  partial  key  to  the  matter  is  offered  by  observing  the  local  areas 
of  emphysema,  which  occur  in  bronchial  catarrh  and  seem  in  many  cases  to 
be  the  result  of  a  difficult  expiration  on  account  of  tenacious  secretions 
within  the  bronchioles. 

In  many  cases  emphysema  seems  to  follow  such  disturbances  of  nutrition 
as  marasmus  and  senility.  The  atrophy  of  the  alveolar  wall  begins  where  it 
is  thinnest,  and  is  accompanied  by  separation  and  disappearance  of  the  elastic 
fibers.  Grawitz  thought  that  these  fibers  were  transformed  into  cells,  the 
change  leading  to  diminished  resistance  of  the  alveolar  walls.  Small  open- 
ings soon  appear  between  neighboring  alveoli,  becoming  larger,  leading  to 
stretching  and  ultimate  destruction  of  the  capillary  vessels.  The  epithelium 
is  passive.  It  sometimes  undergoes  fatty  degeneration.  When,  from  any 
cause,  portions  of  the  lung  become  atelectatic  or  consolidated,  the  acute  vesi- 
cular emphysema  may  become  a  permanent,  local  condition,  characterized 
by  all  the  peculiarities  of  the  substantial  emphysema.  It  is  then  sometimes 
spoken  of  as  vicarious  or  compensatory  emphysema.     It  is  sometimes  lobar, 
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sometimes  lobular,  in  distribution.  The  marasmatic  form  of  emphysema 
occurring  in  old  age  is  spoken  of  as  senile  emphysema.  Brown  and  Stahel, 
finding  that  the  large  bronchi  become  considerably  dilated,  have  estab- 
lished a  rule  that  in  unilateral  vicarious  emphysema  the  distention  of  the 
lung  is  proportionate  to  the  transverse  diameter  of  the  conducting  air-tube. 

It  is  interesting  to  note  that  emphysematous  tissues  are  free  from  the 
ordinary  pigmentation  so  common  in  the  lungs  of  those  exposed  to  soot  and 
dusts.  Various  explanations  have  been  offered  why  this  should  be  the  case, 
Birch-Hirschfeld  probably  coming  nearest  the  truth  in  thinking  that  with  the 
atrophy  of  the  alveolar  walls  the  pigment  is  liberated  and  expectorated, 
while  the  remaining  portions  are  carried  away  by  wandering  cells. 

The  substantial  emphysema  is  characterized  by  a  peculiar  deformity  of 
the  chest,  which  assumes  a  barrel  shape.  The  loss  of  capillary  surface  also 
greatly  impedes  the  pulmonary  circulation,  and  causes  a  general  engorge- 
ment of  the  venous  system,  with  various  secondary  changes  in  the  abdominal 
and  circulatory  organs. 

2.  DISEASES  RESULTING  FROM  ABNORMALITIES  IN  THE  PULMONARY 

CIRCULATION. 

Simple  acute  congestion  of  the  lung  is  probably  a  very  common 
condition,  and  one  that  usually  causes  little  solicitation.  It  may,  however, 
be  serious  and  even  fatal.  In  occurs  in  consequence  of  the  inhalation  of 
irritating  gases,  hot  or  cold  air,  or  may  result  from  the  irritation  of  substances 
circulating  in  the  blood.  It  may  also  be  collateral,  occurring  in  one, part  of 
the  lung  because  of  obstruction  elsewhere,  and  may  be  the  precursor  of 
various  inflammatory  conditions  of  the  lung.  It  is  well  known  clinically  as 
the  stage  of  congestion  in  croupous  pneumonia.  It  may  be  local  or  common 
to  the  entire  lung  or  to  both  lungs,  and  is  a  transitory  condition  in  which 
the  lung  presents  no  other  changes  than  vascular  engorgement  and  a  small 
amount  of  intravesicular  exudation. 

In  rare  cases  pulmonary  congestion  is  fatal,  and  upon  postmortem  ex- 
amination the  lung  appears  increased  in  size,  dark  red  in  color,  denser  than 
normal,  and  unusually  poor  in  air.  When  incised,  frothy  blood  is  easily 
expressed.     The  lung  tissue  readily  floats  upon  water. 

Chronic  Congestion  of  the  Lung  or  Passive  Hyperemia. — This 
usually  occurs  in  cases  in  which  the  escape  of  blood  from  the  pulmonary 
veins  is  prevented,  or  when  the  force  of  the  heart  is  weakened.  The  condi- 
tion is  bilateral  and  generally  uniform. 

It  occurs  in  cases  of  heart  disease,  in  cerebral  injuries,  and  in  various 
asthenic  and  adynamic  conditions.  It  is  one  of  the  most  frequent  lesions 
found  postmortem.  The  most  common  lesions  with  which  it  is  associated 
are  insufficiency  and  stenosis  of  the  mitral  valve  and  aortic  obstruction. 
The  lung  is  dark  blue  in  color  and  feels  solid ;  crepitation  is  diminished. 
When  incised  and  pressed,  a  dark-reddish  or  purplish  fluid  or  a  somewhat 
frothy,  hemorrhagic  fluid  escapes.  The  passive  congestion  that  -occurs  in 
adynamia  is  usually  situated  in  the  posterior  inferior  portions  of  the  lung,- — • 
that  is,  in  the  dependent  portions, — and  probably  depends  upon  the  general 
weakness  and  relaxation  of  the  vessel-walls.  It  is  called  hypostatic  conges- 
tion. When  the  chronic  congestion  has  existed  for  a  long  time,  the  lung 
tissue  becomes  unusually  dense  and  firm — congestive  induration  from  hyper- 
plasia of  both  the  fibrous  and  elastic  tissues. 

Inasmuch  as  this  condition  of  pigmentation  is  usually  associated  with  an 
induration  and  reduction  in  size,  resulting  from  the  passive  hyperemia  and 
connective-tissue  proliferation  and  contraction,  it  is  generally  described  as 
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brown  induration  of  the  lung.  The  lungs  vary  from  a  salmon-pink  to  a 
brownish-red  color,  and  are  mottled  with  brown  or  black  spots.  They 
may  be  dense  and  firm,  or  edematous  or  splenized.  In  most  chronic  heart 
affections  associated  with  chronic  congestion  of  the  lung  these  pigmented 
cells  are  of  almost  constant  occurrence  in  the  sputum,. and  have  been  spoken 
of  by  German  writers  as  Herzfehlerzellen.  Brown  induration  is  most  com- 
mon in  mitral  disease. 

Hypostatic  congestion  predisposes  to  infection  and  not  infrequently  leads 
to  hypostatic  pneumonia,  especially  in  typhoid  fever  and  other  adynamic 
conditions. 

The  histology  of  passive  congestion  is  simple.  The  vessels  of  the  lung 
are  dilated,  the  mucous  membrane  swollen  and  injected,  the  interstices  of 
the  interalveolar  tissue  distended  with  fluid,  and  the  air-cells  filled  with 
a  small  amount  of  slightly  hemorrhagic  exudate.  The  condition  is  on  the 
border-line  of  edema.  Occasionally  there  may  be  minute  extravasations 
of  the  blood,  due  to  rupture  of  the  smaller  capillaries. 

Anemia  of  the  lung  is  a  rare  affection,  and  depends  upon  vascular 
obstruction  from  pressure,  tumors,  aneurysms,  etc.     One  must  bear  in  mind 


Fig.  272. — Brown  induration  of  the  lung  from  a  case  of  obstructive  heart  disease,  show- 
ing the  air-cells  occupied  by  desquamated  epithelial  cells  pigmented  with  pigment  (hemo- 
siderin) from  the  destroyed  red  blood-corpuscles  (X240J. 


that  immediately  after  death  the  tendency  is  for  the  blood  to  gravitate  to  the 
dependent  portions  of  the  organ,  causing  the  upper  part  to  appear  bloodless 
and  anemic. 

Edema  of  the  lung  is  characterized  by  the  escape  of  serous  fluid  into 
the  air-spaces  and  tubes.  It  is  a  very  common  condition,  and  may  depend 
upon  diseases  of  the  heart  and  vascular  system ;  upon  diseases  of  the 
kidneys ;  upon  inflammatory  conditions  in  the  neighborhood  of  the  chest ; 
upon  old  age  and  debility.  It  may  depend  upon  extremes  and  sudden 
changes  of  temperature,  and  upon  inhalation  of  extremely  hot  or  extremely 
cold  air.  A  sudden  change  from  an  extremely  hot  to  an  extremely  cold 
atmosphere  may  suddenly  drive  the  blood  from  the  surface  of  the  body 
to  the  lungs,  causing  edema.  In  rare  cases  iced  drinks  taken  at  times 
when  the  body-temperature  is  high  are  said  to  have  produced  it.  Diseases 
of  the  lungs  themselves,  such  as  emphysema,  pneumonia,  pleuritis,  etc.,  have 
been  known  to  bring  about  edema.     Diseases  of  the  liver,  such  as  cirrhosis. 
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abscess,  and  amyloid  disease,  Hodgkin's  disease,  leukemia,  chlorosis,  and 
various  other  anemias  associated  with  hydremic  blood,  may  cause  it.  Infec- 
tious diseases,  such  as  acute  rheumatism,  certain  obscure  affections,  such  as 
diabetes,  puerperal  eclampsia,  and  acute  spinal  palsy,  are  sometimes  accom- 
panied by  fatal  edema  of  the  lungs.  Malignant  diseases  of  the  stomach  and 
other  organs  sometimes  cause  edema  of  the  lungs.  It  will  be  seen  that  many 
of  these  are  terminal  pulmonary  edemas,  and  depend  upon  weakness  of  cir- 
culation and  hydremic  conditions  of  the  blood,  rather  than  any  peculiarity 
of  the  diseases  themselves.  Angioneurotic  edema  also  occurs  in  the  lung, 
and  depends  upon  vasomotor  and  trophic  causes  as  yet  not  understood.  Its 
peculiarity  is  a  tendency  to  appear  unexpectedly  without  any  warning,  the 
health  of  the  patient  usually  being  good.  The  attack  may  be  ephemeral  or 
may  cause  death. 

Cohnheim  believes  that  it  depends  upon  obstruction  or  disease  of  the 
endothelium  of  the  smaller  vessels  and  capillaries,  and  Landerer  that  it 
depends  upon  relaxation  of  the  vessel-walls.  In  septic  and  toxic  conditions 
there  may  be  hyaline  degeneration  of  the  vessel-wall.  The  inflammatory 
edemas,  which  depend  upon  inflammation  of  the  lung  tissue  or  neighboring 
tissues,  differ  from  the  ordinary  edemas  in  having  a  pronounced  catarrhal 
type,  characterized  by  a  marked  desquamation  of  the  pulmonary  epithelium, 
an  unusual  amount  of  albuminous  ingredients  in  the  transuded  fluid,  and 
a  greater  admixture  of  blood. 

Morbid  Anatomy. — The  condition  is  very  common,  and  may  affect  both 
lungs,  one  lung,  or  only  part  of  a  lung.  The  lung  tissue  is  pale  and  anemic, 
or  dark  and  hyperemic,  according  to  the  amount  of  simultaneous  congestion. 
It  is  probable  ihat  edema  is  of  frequent  occurrence  at  the  moment  of  death 
agony,  when  the  capillaries  relax.  Macroscopically,  the  lung  appears  un- 
usually large,  is  pale,  feels  boggy  to  the  touch,  and  is  very  heavy.  When 
elevated,  water  can  be  seen  descending  along  the  bronchioles  and  distending 
the  inferior  parts.  The  surface  is  usually  smooth  and  shining,  and  the  whole 
organ  unnaturally  moist.  It  can  be  cut  with  ease,  when  more  or  less  blood- 
stained serum  mingled  with  froth  at  once  escapes  in  considerable  quantity. 
When  pinched,  it  crepitates.  When  examined  microscopically,  one  finds 
more  or  less  pronounced  hyperemia,  and  air-cells  filled  with  a  slightly  albu- 
minous fluid.  The  epithelial  cells  of  the  alveolar  walls  may  be  desquamated 
and  the  interstices  of  the  interalveolar  tissue  are  increased  in  size. 

Ziegler  points  out  that  in  specimens  hardened  in  alcohol  or  Mijller's  fluid 
there  is  a  granular  precipitate  of  coagulated  albumin.  Occasionally,  espe- 
cially in  the  inflammatory  edemas,  leukocytes  and  fibrin  may  be  found  in 
the  exudate. 

Pulmonary  Hemorrhage. — Hemorrhage  from  the  lung  is  called 
hemoptysis.     It  is  a  common  accident. 

Etiology. — It  may  depend  upon  a  variety  of  causes,  tuberculosis  pul- 
monalis  being  the  most  common.  It  occurs  also  in  hypeiremia,  ulceration, 
and  traumatism  of  the  lung  from  gunshot  wounds  of  the  chest,  the  rupture 
of  intrathoracic  or  pulmonary  aneurysms,  gangrene  of  the  lung,  and  hemo- 
philia. It  may  also  follow  violent  bodily  exertion,  such  as  heavy  lifting, 
coughing,  loud  crying  or  singing,  etc.  It  also  occurs  in  croupous  pneumonia, 
fibrinous  bronchitis,  emphysema,  fibroid  phthisis,  syphilitic  pneumonia, 
bloody  edema,  malignant  disease,  and  embolism.  Brown-Sequard  has  pointed 
out  that  in  rare  cases  pulmonary  hemorrhage  follows  cerebral  apoplexy  and 
brain  tumors.  In  rare  cases  it  also  follows  the  inhalation  of  irrespirable  sub- 
stances, such  as  chlorin  gas ;  and  in  still  rarer  cases,  of  which  there  are  a  few 
on  record,  as  a  result  of  vicarious  menstruation.  Diminished  atmospheric 
pressure,  as  in  the  sudden  ascent  of  high  mountains,  has  occasionally  brought 
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on  unexpected  and  severe  hemoptysis.  The  amount  of  blood  which  escapes 
will  vary  according  to  the  condition  causing  the  hemorrhage.  Thus,  in 
hyperemic  and  inflammatory  conditions,  the  expectorated  blood  is  derived 
from  the  inflammatory  exudate,  which  slowly  escapes  into  the  air-cells,  and 
cannot  be  great  in  amount,  while  in  the  rupture  of  aneurysms  and  tuberculous 
erosion  of  large  arteries  the  loss  of  blood  may  be  so  great  as  to  be  fatal. 
The  blood  is  usually  expectorated,  but  some  is  aspirated  into  the  deeper 
portions  of  the  lung  during  inspiration,  and  enters  the  healthy  bronchioles 
and  lobules,  filling  the  air-cells  and  forming  airless,  hemorrhagic,  blackish- 
red  areas  of  considerable  size.  The  lung  tissue  may  thus  become  entirely 
consolidated  from  the  displacement  of  its  air,  the  dark-red,  soft,  blood- 
saturated  tissue  resembling  the  spleen  in  consistence.  It  is  often  spoken  of 
as  splenized.     Hemorrhagic  infarctions  are  local  hemorrhagic  areas. 

When  such  infarcted  or  saturated  areas  are  examined  microscopically, 
the  alveoli  are  found  full  of  blood.  The  most  common  cause  of  intra- 
pulmonary  hemorrhage  is  infarction  following  embolism  of  the  lung.  The 
infarcted  areas  are  usually  situated  beneath  the  pleura,  are  sharply  circum- 
scribed, and  of  a  conic  shape,  the  base  being  directed  toward  the  pleura, 
and  the  apex  toward  the  hilus  of  the  lung.     In  the  fresh  condition  they  are 
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Fig.  273. — Irregularly  wedge-shaped  embolic  hemorrhagic  infarct  in  the  lung,  following 
thrombosis  in  the  right  auricle,  in  a  woman  with  mitral  stenosis.  The  border  is  sharp  ;  the  area, 
quite  homogeneous  and  red  (Hektoen). 

of  a.  blackish-red  color,  dense,  and  airless.  The  infarcts  may  be  pea  sized  or 
as  large  as  an  egg.  When  fresh,  the  pleural  covering  is  shining  and  unal- 
tered. When  older,  however,  the  surface  is  usually  covered  with  some 
fibrinous  exudate. 

Obstruction  of  the  pulmonary  circulation  is  not  always  followed  by  hem- 
orrhagic infarction,  as  collateral  circulation  is  easily  established  in  the  lung. 
After  the  infarct  has  existed  for  a  short  time,  it  becomes  sharply  differen- 
tiated from  the  surrounding  healthy  pulmonary  tissue  by  reactive  inflamma- 
tion. When  the  infarct  is  small,  so  that  the  infiltrated  tissue  does  not  die, 
the  integrity  of  the  pulmonary  tissue  may  be  restored  by  resorption  of  the 
extravasate,  a  slightly  indurated,  pigmented  area  then  remaining.  In  many 
cases  the  infarct  is  sufficiently  large  to  destroy  the  vitality  of  the  infiltrated 
tissue,  under  which  circumstances,  if  no  infection  occurs,  the  healing  takes 
place  by  reactive  connective-tissue  formation.  The  subsequent  contraction 
of  the  cicatrix  causes  the  infarcted  area  to  appear  as  a  deep  pucker  upon  the 
surface  of  the  pleura,  with  a  fibrous  node  at  its  center.  When  the  embolus 
is  infectious  in  nature,  suppuration  or  gangrene  may  take  place  in  the  in- 
farcted area. 

Gangrene  of  the  L-ung. — Etiology. — Gangrene  of  the  lung  invariably 
depends  upon  the  entrance  of  bacteria  into  divitalized  pulmonary  tissue.     A 
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variety  of  lesions  may  maice  this  possible.  Thus,  diseases  of  the  lung  itself, 
such  as  croupous  pneumonia,  tuberculosis,  carcinoma,  and  embolism,  may  be 
followed  by  gangrene.  Again,  diseases  of  the  upper  respiratory  passages  by 
which  fetid  material  enters  the  lung,  such  as  gangrene  of  the  larynx,  the 
entrance  of  foreign  bodies  into  the  bronchi,  and  the  extension  of  disease 
from  neighboring  organs,  as  in  epithelioma  of  the  esophagus  with  perfora- 
tion into  a  bronchus.  Some  cases,  called  idiopathic,  occur  in  alcoholism 
and  asthenia  from  undiscoverable  causes,  probably  primary  infections. 

Morbid  Anatomy. — Since  the  days  of  Laennec  it  has  been  customary  to 
divide  the  lesions  into  the  diffuse  and  circumscribed.  The  circumscribed 
form  occurs  in  irregularly  rounded  single  or  multiple  areas,  which  on  trans- 
verse section  show  a  dark-brownish,  greenish,  or  blackish  color.  They  are 
dry  and  surrounded  by  hyperemia  and  edema.  Should  such  a  gangrenous 
area  extend  to  the  pleura,  a  rich,  iibrinous  deposit  is  found  upon  the  surface. 

Diffuse  gangrene  sometimes  originates  from  the  circumscribed  form  or 
follows  pneumonia.     The  diseased  tissue  is  greenish  black,  mushy  and  soft. 


Fig.  274. — Anthracotic  lung.    The  black  areas  consist  of  coal-dust  deposited  in  the  connective 
tissv^  of  the  lung,  which  is  partly  newly  formed,  partly  preexistent  (X  100). 

more  or  less  infiltrated  with  fetid  material.  It  is  more  serious  than  the  cir- 
cumscribed form,  as  septicemia  may  result  from  infectious  embolism,  and  the 
case  terminate  fatally.  When  recovery  takes  place,  the  gangrenous  tissue 
disappears  by  colliquation,  absorption,  and  expectoration,  leaving  a  cicatrix 
similar  to  those  seen  in  hemorrhagic  infarction.  The  healing  process  is 
greatly  accelerated  should  communication  with  the  bronchus  facilitate  the 
escape  of  the  broken-down  tissue. 

Pneumonokoniosis. — This  is  a  disease  of  the  lungs  caused  by  the 
inhalation  of  mineral  dust.  * 

Etiology. — The  disease  occurs ,  chiefly  in  those  whose  occupations  cause 
them  to  frequent  dusty  atmospheres.  Thus,  coal-miners  and  heavers,  stokers, 
and  chimney-sweeps  are  apt  to  inhale  coal-dust  and  soot ;  potters,  consider- 
able clay  dust ;  iron  filters,  dust  of  iron  and  steel ;  glass-cutters,  minute  par- 
ticles of  glass,  etc.  The  nature  of  the  inhaled  dusts  leads  to  conditions 
which  differ  slightly  in  appearance,  severity,  and  histologic  alteration,  ac- 
cording to  the  particular  irritating  properties  which  the  inhaled  particles 
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possess.  Anthracosis  is  caused  by  the  inhalation  of  coal-dust  and  soot; 
siderosis,  by  metal  dusts,  such  as  oxid  of  iron,  etc.  ;  chalicosis,  by  stone-dust, 
pulverized  quartz,  glass,  etc.  ;  kaolinosis,  by  potters'  clay,  and  aluminosis, 
by  materials  handled  by  ultramarine  and  porcelain  workers.  Small  quan- 
tities of  dust  produce  no  changes  of  importance,  and  every  individual  living 
under  conditions  of  modern  civilization,  where  coal  and  wood  are  con- 
tinually consumed  in  furnaces,  and  smoke  discharged  into  the  atmosphere, 
is  obliged  to  inhale  more  or  less  dust,  and  consequently  to  exhibit  some  de- 
posit in  the  lungs. 

Morbid  Anatomy. — The  normal  lung  presents  a  pinkish  or  grayish,  rather 
mottled,  appearance,  and  upon  the  surface  is  divided  into  a  large  number  of 
rounded  or  polyhedral  lobules  or  divisions,  outlined  by  lines  of  black  that 
probably  represent  lymphatic  vessels,  within  or  around  which  inhaled  dust 
has  been  deposited.  Microscopic  sections  of  normal  lung  tissue  almost 
invariably  display  here  and  there  in  the  interalveolar  septa  small,  irregularly 
distributed  black  granules,  usually  tending  to  conform  to  the  distribution  of 
the  lymphatics.  These  consist  of  inspired  dusts  and  are  of  no  importance. 
When  the  quantity  of  inhaled  dust  is  great  or  its  quality  irritating,  alveolar 
catarrh,  with  desquamation  of  the  alveolar  epithelium,  transmigration  of 
leukocytes,  and  hyperplasia  of  connective  tissue  may  be  observed.  The 
occurrence  of  alveolar  catarrh  is  invariable  in  pneumonokoniosis. 

Much  of  the  inhaled  dust  is  precipitated  against  the  walls  of  the  upper 
air-passages,  the  nose,  pharynx,  and  larynx,  and  removed  through  the 
agency  of  the  mucous  secretions,  and  the  lashing  cilia  of  the  mucous  mem- 
branes, which  pass  the  individual  particles  along  until  they  are  caught  in 
some  mass  of  secretion  about  to  be  expectorated  or  discharged.  The  dust 
that  reaches  the  air-cells  is  disposed  of  in  a  different  way.  Desquamated 
epithelial  cells  from  the  alveolar  wall,  and  leukocytes  are  found  in  consider- 
able numbers  in  all  the  air-cells,  each  containing  a  number  of  the  dust-parti- 
cles. Some  of  these  cells  escape  from  the  air-cells,  pass  along  the  bronchial 
tubes,  and  are  expectorated.  '  The  leukocytes  carry  their  burdens  into  the  lym- 
phatics, where  they  sometimes  proceed  as  far  as  the  lymphatic  glands,  though 
they  more  often  deposit  them  in  the  endothelial  cells.  In  this  way  a  marked 
accumulation  of  the  dust  occurs  along  the  lymphatic  vessels,  and  much 
larger  accumulations  are  present  in  the  bronchial  lymphatic  glands,  where 
numbers  of  the  leukocytes  are  likely  to  be  retained.  In  the  frequent  lymph- 
nodes  of  the  lung  unusually  large  deposits  of  dust  occur,  and  by  irritation 
lead  to  the  formation  of  new  connective  tissue. 

The  lung  thus  contains  numerous  fibrous  nodes  and  nodules,  generally 
dark  in  color,  and  varying  in  size  from  a  millet-seed  to  a  cherry.  They 
consist  of  connective  tissue,  more  or  less  concentrically  arranged,  and  sur- 
rounding collections  of  dust-particles.  When  few  in  number,  the  nodes  and 
cicatrices  are  chiefly  at  the  apices'  and  upon  the  surfaces  of  the  lungs.  In 
the  smaller  nodules  connective  tissue  may  be  arranged  about  a  single  center, 
while  in  the  nodes  there  are  aggregations  of  them.  When  the  nodules  are 
few  and  scattered,  the  intervening  pulmonary  tissue,  except  for  its  pigmenta- 
tion and  catarrh,  is  practically  normal.  When  the  nodules  are  numerous, 
the  intermediate  substance  is  likely  to  be  fibroid  and  dense.  Cases  have  been 
seen  in  which  whole  divisions  of  the  lung  were  indurated,  dense,  firm,  atelec- 
tatic, and  shrunken,  so  as  to  constitute  a  nodular  cirrhosis. 

Ziegler  says  that,  according  to  its  etiology  and  genesis,  pneumonokoniosis 
is  an  inhalation  bronchopneumonia,  the  nodules  representing  destroyed  and 
indurated  alveolar  systems.  The  most  marked  lesions  are  apt  to  occur  in  the 
apices  of  the  lungs.  The  extensive  consolidations  are  apt  to  be  accompa- 
nied by  compensatory  emphysema. 
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The  deposition  of  dust  in  the  bronchial  lymphatic  glands  leads  to  a 
marked  increase  of  size,  the  organs  becoming  as  large  as  hens'  eggs.  The 
parenchyma  is  much  softened  and  very  dark  in  color,  in  marked  cases 
becoming  black.  When  the  glands  are  incised,  the  softened  substance 
escapes.  This  change  in  the  quality  of  the  parenchyma  makes  possible 
the  not  infrequent  metastasis  which  occurs  and  which  no  doubt  takes  place, 
as  Arnold  has  shown,  by  the  erosion  of  small  veins,  and  the  discharge  of 
the  softened  glandular  substance,  with  its  contained  coal-dust,  into  them. 
Disseminated  through  the  body  in  this  way  the  dust-particles  are  deposited 
in  the  spleen,  liver,  kidneys,  brain,  and  other  organs. 

Bronchopneumonia  or  Catarrhal  Pneumonia. — Bronchopneu- 
monia, catarrhal  and  lobular  pneumonia  are  probably  identical  affections 
described  by  different  names.      It  is  called  bronchopneumonia  because  it 
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Fig.  275. — Catarrhal  pneumonia,  showing  desquamated  epithelial  cells  in  the  alveolar  spaces. 

extends  from  the  bronchioles  into  their  ultimate  distribution  of  infundibula 
and  air-cells ;  catarrhal  pneumonia,  because  the  process  is  one  of  catarrhal 
inflammation,  and  lobular  pneumonia,  because  the  affected  areas  correspond 
to  lobules  of  the  lung. 

Etiology. — The  process  is  infectious  in  the  majority  of  cases,  depending 
upon  the  streptococcus,  pneumococcus,  tubercle  bacillus,  and  sometimes 
upon  other  micro-organisms.  It  may  also  depend  upon  irritating  dusts. 
Anderson  divides  the  cases  into  three  groups:  (i)  The  simple  acute  lob- 
ular pneumonia ;  (2)  the  secondary  lobular  pneumonia,  which  usually  follows 
infectious  diseases,  such  as  whooping-cough  and  measles  ;  and  (3)  the  embolic 
or  suppurative,  which  occurs  after  malignant  endocarditis,  etc. 

The  causes  of  the  disease  are  many.  Most  frequent  in  old  age  and 
childhood,  it  is  occasionally  seen  without  any  assignable  cause,  and  may  be 
secondary  to  typhoid,  whooping-cough,  measles,  scarlatina,  small-pox,  ery- 
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sipelas,  emphysema,  diphtheria,  influenza,  cirrhosis  of  the  lungs,  phthisis; 
etc.  It  sometimes  succeeds  iDronchitis.  Some  cases  are  attributed  tO' 
exposure  to  cold.  Weak  and  strumous  conditions  and  the  habitual  breath- 
ing of  vitiated  air  seem  to  predispose  to  it.  Position  seems  to  have  some 
predisposing,  influence,  as  among  those  who  are  long  bed-ridden  it  is  a  fre- 
quent cause  of  death.  The  disease  sometimes  results  from  the  extension  of 
inflammation  from  the  bronchial  tubes  to  the  air-cells. 

Morbid  Anatomy. — The  lesions  are  usually  irregularly  distributed 
throughout  the  lung  in  the  form  of  larger  or  smaller  conic  or  pyramidal 
patches,  which  correspond  in  shape  to  the  distribution  of  a  bronchiole. 
These  areas  usually  project  somewhat  beyond  the  pleura.  They  are  rather 
firm  and  hard,  but  are  easily  broken  up  by  pinching,  and  when  thus 
destroyed,  allow  a  whitish,  opaque,  mucopurulent,  somewhat  frothy  fluid  to 
escape.  The  consolidated  areas  are  usually  reddish  or  pinkish  in  color, 
and  are  often  surrounded  by  a  hyperemic  zone.  Two  forms  of  the  disease 
are  described  by  Ziegler — the  circumscribed  and  the  diffuse.  Microscopi- 
cally, the  disease  is  characterized  by  the  presence  of  localized  inflammatory 
exudations,  with  consolidation  of  lung  tissue,  in  which  the  air-cells  are  filled 
by  an  exudate,  consisting  essentially  of  epithelial  cells  and  leukocytes. 
There  is  usually  but  little  fibrin  in  the  exudation. 

The  naked-eye  appearance  of  the  pneumonic  patch  will  vary  somewhat 
according  to  its  age  and  extent.  Sometimes  the  color  is  dark  red,  some- 
times grayish  red,  sometimes  gray-;  the  surface  may  be  smooth,  with  a  col- 
lection of  fibrin  upon  the  pleura,  or  the  fibrin  may  roughen  the  surface. 
When  incised,  the  areas  are  sometimes  smooth  and  homogeneous,  sometimes 
granular  in  appearance.  The  disease  is  of  irregular  duration,  favorable  cases 
usually  terminating  by  the  degeneration  and  disintegration  of  the  exudate, 
which  rhay  be  Expectorated  and  absorbed.  The  condition  does  not  affect 
the  air-cells  only,  but  the  supplying  bronchioles  also  invariably  take  part,  so 
that  one  finds  them  hyperemic,  with  swollen  mucous  membranes,  and  usually 
occluded  by  an  accumulation  of  mucus  and  exudate.  In  unfavorable  cases 
the  severity  of  the  inflammation  may  bring  about  suppuration  or  gangrene 
of  the  diseased  tissue,  showing  that  very  virulent  bacteria  have  gained 
entrance  into  the  tissue.  In  chronic  cases  there  is  no  resolution  or  subse- 
quent clearing  up  of  the  consolidated  area,  but  new  formation  of  connective 
tissue  and  a  gradual  transfoimation  of  the  invaded  area  into  cicatricial  tissue. 

Bronchopneumonia  with  gangrene  is,  fortunately,  rare,  and  succeeds  gan- 
grene of  the  larynx  and  malignant  disease  of  the  upper  air-passages. 

The  diffuse  bronchopneumonia  is  scarcely  correctly  named.  It  results 
from  the  lodgment  in  the  branches  of  the  pulmonary  arteries  of  infectious 
emboli  derived  from  various  sources.  The  inflammation  produces  nodes 
similar  to  those  seen  in  bronchopneumonia,  but  much  more  difiFuse  and  with 
a  tendency  to  peripheral  infiltration.  They  are  apt  to  be  coalescent  and 
occur  less  regularly  in  pyramidal  or  conic  areas,  corresponding  to  bronchial 
distribution. 

In  cases  of  nodular  catarrhal  pneumonia,  whether  of  aerogenic  or  hemato- 
genic origin,  if  many  lobules  be  affected  and  closely  approximated,  it  is 
with  difficulty  that  one  can  differentiate  the  affection  from  croupous  pneu- 
monia. In  such  cases  the  microscope  will  usually  solve  the  problem,  for  it  is 
unusual  to  find  much  fibrin  in  the  exudates  of  bronchopneumonia,  while  in 
croupous  pneumonia  it  is  characteristic. 

Inflammation  of  the  smaller  bronchial  tubes  sometimes  extends  directly, 
by  contiguity  of  tissue,  to  the  neighboring  air-cells,  irrespective  of  their  dis- 
tribution.    Such  cases  are  described  ^'a  peribronchial  pneumonia . 

Bronchitis  extending  to  the   pulmonary  tissues  affects  it  differently  at 
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■different  times.  During  inspiration  and  expiration  mucopurulent  matter  con- 
tained within  the  inflamed  tubes  is  frequently  moved  outward  for  some  dis- 
tance during  expiration,  and  then  aspirated  during  inspiration  into  new, 
unaffected  tubes,  in  which  secondary  inflammation  may  be  started.  The 
obstruction  of  the  tubules  caused  by  accumulated  secretions  and  swelling  of 
the  mucous  membrane  is  sometimes  sufficient  to  cut  oif  the  air-supply  and 
cause  atelectasis.  On  the  other  hand,  the  air  may  be  allowed  to  enter  but 
not  to  escape,  so  that  local  acute  distention  or  acute  vesicular  emphysema 
may  be  produced. 

The  hematogenic  septic  metastatic  pneumonia  partakes  partly  of  a  catar- 
rhal character.  It  is  secondary  to  various  suppurative  lesions  of  remote 
organs,  and  was  a  common  surgical  aff"ection  before  the  days  of  antisepsis. 
It  is,  however,  occasionally  seen  following  gunshot  wounds,  infected  wounds, 
appendicitis,  suppurative  metritis,  meningitis,  hepatitis,  cerebritis,  etc.  The 
pathology  of  the  disease  consists  in  the  lodgment  in  the  capillaries  of  the 
lung  of  infectious  material — emboli — conveyed  through  the  circulation. 
The  inflammations  resulting  from  the  presence  of  these  emboli  are  usually 
purulent.  Upon  inspection  one  finds  an  infarcted  tissue,  with  a  purulent 
center,  sharply  separated  from  the  surrounding  pulmonary  tissue  by  a  yellow, 
infiltrated  zone.  Ordinarily  this  tissue  undergoes  necrosis  with  subsequent 
degeneration  and  absorption,  or  may  rupture  into  a  bronchus  and  discharge 
through  it.  In  the  more  serious  cases  gangrene  may  occur  with  the  forma- 
tion of  a  sphacelus.  Upon  microscopic  examination  of  the  inflamed  tissue 
the  air-cells  are  found  filled  with  a  hemorrhagic  or  cellular  exudate,  which 
frequently  contains  some  fibrin,  and  thus  is  with  difficulty  separated  from 
croupous  pneumonia.  The  naked-eye  appearance  is,  however,  strikingly 
different  from  croupous  pneumonia,  and  could  scarcely  be  mistaken  for  it. 

Severe  local  inflammatory  processes,  such  as  follow  the  lodgment  of  infectious  emboli  in 
the  lungs,  can  rarely  remain  local  affections,  ai^d  from  the  original  seat  of  disease  the  process 
extends  to  the  peribronchial  and  interlobular  vessels,  which  becoine  filled  with  serofibrinous 
■or  purulent  exudate.  This  lymphangitis  and  periangitis  may  also  result  from  local  pleuritis, 
develop  over  the  inflamed  areas,  and  extend  along  the  peribronchial  and  interlobular  lym- 
-phatics.  The  embolic  pulmonary  abscesses  sometimes  rupture  through  the  pleura,  and  lead  to 
empyema,  or,  if  prior  agglutinative  inflammation  has  Listened  the  parietal  and  visceral  pleuras 
together,  to  rupture  through  the  diaphragm  into  the  abdominal  cavity,  or  even  externally 
through  the  chest-wall.  The  septic  pneumonia  is  apt  to  be  a  fatal  affection,  and  forms  one  of 
"the  most  serious  complications  of  surgery. 

Croupous  or  fibrinous  pneumonia  is  one  of  the  most  frequent  and 
most  serious  of  the  pulmonary  affections. 

Etiology. — It  is  an  infectious,  inflammatory  disease  of  the  lung,  caused 
by  the  pneumococcus  of  Frankel  and  Weichselbaum.  Presenting  all  the 
appearances  of  a  local  inflammation  of  the  lung,  it  is  in  reality  an  infection 
of  manifold  occurrence,  which  most  frequently  begins  in  the  lung.  Similar 
a,ffections  at  times  depend  upon  other  micro-organisms,  such  as  the  strepto- 
coccus, the  staphylococcus,  the  bacillus  of  Friedlander,  and  perhaps  even  at 
times  the  typhoid  bacillus,  so  that  fibrinous  pneumonia  is  not  always  a  clear- 
cut  definite  process.  It  is  usually  a  primary  affection,  but  sometimes  occurs 
as  a  sequel  of  other  infectious  diseases,  such  as  typhoid,  rheumatism,  in- 
fluenza, measles,  etc.,  and  sometimes  in  non-infectious  diseases,  such  as 
nephritis.  It  is  in  these  latter  cases  that  the  occurrence  of  the  strepto- 
coccus, the  staphylococcus,  the  typhoid  bacillus,  etc. ,  is  apt  to  occur,  while 
the  pneumococcus  is  almost  invariably  associated  with  the  primary  cases. 

Bacteriology. — The  pneumococcus  of  Frankel  and  Weichselbaum,  called  by  Sternberg  the 
Micrococcus  pneumonics  crouposce,  and  by  Telamon  the  Diplococcus  lanceolatus,  is  the  micro- 
organism most  constantly  present  in  croupous  or  fibrinous  pneumonia.  It  is  commonly 
spoken  of  as  specific,  though  conditions  closely  resembling  croupous  pneumonia  are  some- 
times caused  by  other  organisms. 
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The  coccus  was  first  observed  in  his  saliva  by  Sternberg  in  1880,  and  described  as  Micro- 
coccus Pasteuri.  The  following  year  Pasteur  also  observed  it  in  saliva.  Frankel,  who  further 
investigated  it,  called  it  the  micrococcus  of  sputum  septicemia.  Weichselbaum  showed  its 
etiologic  relationship  to  croupous  pneumonia,  and  called  it  the  Diplococcus  pr/eumonics.  Sub- 
sequent workers  confirmed  the  work  of  these  pioneers,  and  as  it  is  agreed  tliat  the  organism  is 
a  coccus,  and  that  it  is  etiologically  concerned  in  pneumonia,  it  has  come  to  be  called  the 
pneumococcus. 

Morphology. — The  pneumococcus  varies  somewhat  in  morphology,  according  to  the  con- 
ditions under  which  it  develops.  In  the  blood  of  men  or  animals  infected,  and  in  the 
"  rusty  sputum  "  of  pneumonia,  the  organism  appears  for  the  most  part  in  pairs,  each  pair  con- 
sisting of  two  somewhat  lancet-shaped  or  elongated  cocci.  Each  is  surrounded  by  a  distinct 
halo  or  capsule.  The  cocci  are  quite  small,  measuring  not  more  than  i  /a  in  the  longest  diam- 
eter. When  grown  in  artificial  culture  upon  agar-agar,  they  appear  more  nearly  spheric, 
seldom  appear  in  distinctly  diplococcal  arrangement,  and  show  no  capsules.  In  liquid  cul- 
tures they  occasionally  show  a  narrow  capsule,  are  nearly  spheric,  and  may  form  long  chains 
as  well  as  diplococci.     There  are  no  spores.     The  coccus  is  not  motile  and  has  no  flagella. 

Distribution. — Of  the  distribution  of  the  pneumococcus  in  nature  we  know  very  little.  It 
seems  to  be  a  frequent  inhabitant  of  the  respiratory  apparatus,  though  it  is  not  certain  that  it 


Fig.  276. — Capsulated  pneumococci  in  blood  from  the  heart  of  a  rabbit;  carbol-fuchsin, 
partly  decolorized  (X  1000). 


is  a  harmless  one.  The  statement  formerly  made  that  it  constantly  occurs  in  normal  sahva  is 
not  borne  out  by  experiment.  It  is  found  in  a  variety  of  inflammatory  processes,  both  prim- 
arv  and  secondary,  among  which  maybe  mentioned  pneumonia,  meningitis,  emphysema,  otitis, 
endocarditis,  and  liver  abscess.  It  also  occurs  in  many  secondary  complications  of  pneumonia 
and  other  primary  affections. 

After  an  attack  of  pneumonia  it  becomes  a  regular  resident  of  the  respiratory  apparatus  of 
the  convalescent,  and  has  been  found  virulent  in  the  saliva  nine  years  after  convalescence  from 
the  disease. 

Staining. — The  organism  stains  well  with  the  usual  anilin-dye  solutions  and  very  well  by 
Gram's  method.  The  capsules  usually  show  quite  well,  though  special  methods  have  been 
recommended  for  staining  them. 

Cultivation. — The  artificial  cultivation  of  the  pneumococcus  is  not  difficult,  as  it  grovvs 
quite  readily  for  a  few  generations  in  ordinary  media.  The  most  ready  method  of  isolation  is 
to  infect  a  rabbit  or  a  mouse  with  the  rusty  sputum  of  a  pneumonic  patient,  wait  until  the 
animal  dies,  open  the  body  under  strict  aseptic  precautions,  and  cultivate  the  coccus  from  the 
heart's  blood.  It  grows  in  bouillon  with  the  production  of  a  slight  cloudiness  and  an  acid 
reaction. 

Upon  the  surface  of  coagulated  blood-serum,  agar-agar,  glycerin  agar-agar,  and  obliquely 
solidified  gelatin  it  grows  with  the  production  of  minute,  round,  homogeneous,  dew-drop-like 
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colonies,  which  rarely  become  confluent.  When  the  colonies  are  examined  under  a  lens,  it 
is  found  that  they  are  granular,  and  when  examined  superficially,  spread  from  a  central 
nucleus.  The  gelatin  is  not  liquefied,  and  no  visible  change  is  produced  in  any  of  the  media 
by  the  growth  of  the  organism.  Milk  is  coagulated  by  the  pneumococcus.  It  is  an  optional 
anaerobe. 

The  organism  grows  between  24°  C.  and  42°  C,  but  most  rapidly  at  37°  to  38°  C.  It 
never  grows  luxuriantly,  and  unless  frequently  transplanted  to  new  media,  rapidly  dies  out. 
Frequently  transplanted  cultures  soon  lose  their  virulence,  and  I  think  the  best  method  of 
maintaining  the  virulence  of  the  organism  is  by  constant  transplantation  from  rabbit  to  rabbit. 

Pathogenesis. — The  pneumococcus  is  pathogenic  for  mice,  guinea-pigs,  and  rabbits.  Dogs 
are  said  to  be  nearly  immune.  The  varying  virulence  of  the  organism  and  the  differing  sus- 
ceptibility of  the  animal  infected  determine  the  character  of  the  infection.  In  some  cases  the 
pneumococcus  makes  its  appearance  in  abscesses  of  the  middle  ear  and  other  deeply  seated 
parts,  and  may  remain  as  a  local  infection,  or  may  spread  to  the  meninges  and  cause  fatal 
mening  tis.  Some  cases  of  cerebrospinal  meningitis  seem  to  depend  upon  pneumococcus  in- 
fection. In  other  cases  infection  beginning  in  the  lungs  causes  croupous  pneumonia,  which 
remains  a  local  pulmonary  infection  or  may  become  a  septicemia  by  the  entrance  of  the  bac- 
teria into  the  circulation.  The  outcome  of  experimental  infections  in  susceptible  animals 
will  depend  upon  the  mode  of  introduction,  though  ultimately  all  infections  become  fatal 
septicemias.  Thus,  when  introduced  through  the  chest-wall  into  the  lung,  a  pneumonia 
similar  to  croupous  pneumonia  of  human  beings  occurs.  When  introduced  into  the  peri- 
toneum or  other  serous  cavity,  a  fibrinous  inflammation  of  the  membrane  occurs.  If  the  in- 
fection be  subcutaneous,  at  the  seat  of  inoculation  an  extensive  fibrinohemorrhagic  exudation 
occurs.     In  all  these  cases,  however,  death  finally  occurs  from  septicemia. 

In  cases  of  human  infection,  in  which  pneumococcus  septicemia  follows,  croupous  pneu- 
monia, endocarditis,  meningitis,  and  other  remote  lesions  may  occur,  or  death  may  result 
immediately  from  the  septicemia. 

The  fibrinous  character  of  the  pneumococcus  exudations  seems  to  indicate  that  the  organ- 
ism produces  a  strong  fibrin  ferment,  but  this  cannot  be  proved  by  experiment. 

Immunity. — A  very  brief  or  imperfect  immunity  succeeds  pneumococcus  infection.  The 
immunization  of  animals  to  this  organism  is  difficult.  Pane,  De  Renzi,  Washbourne,  McFar- 
land,  Lincoln,  and  others  have  achieved  it,  but  whether  or  not  the  serum  of  these  animals  is 
of  therapeutic  value  is  questionable. 

The  investigations  of  Netter  have  shown  the  pneumococcus  to  occur  in  man  in  the  follow- 
ing relative  frequency  in  primary  infections ; 

i.  Adults: 

Pneumonia 65.9S  per  cent. 

Bronchopneumonia  .  15.85  " 

Capillary  bronchitis  .        .  15.85  " 

Meningitis  .        .  .  ...  .        .  13.00        " 

Emphysema        8.53  " 

Otitis 2.44  " 

Endocarditis ....  ....    1.22  " 

Liver  abscess .    1.22  " 

2.  Children — of  46  cases  investigated : 

Otitis  media 29  times. 

Bronchopneumonia 12       " 

Meningitis 2       " 

Pneumonia  ....  i  time. 

Pleurisy    ....  .  i       " 

Pericarditis      .    .  .  ....  i       " 

Friedl'dnder  s  Bacillus  :  Friediander  s  Pneumococcus  ;  Bacillus  mucosus  copsulatus  ;  Bacil- 
lus pneumonia. — This  organism  was  discovered  in  1883  by  Friedliinder,  in  the  exudate  from  a 
pneumonic  lung,  and  was  supposed  by  him  to  be  the  specific  cause  of  pneumonia. 

Morphology. — The  organism  is  distinctly  bacillary  in  its  morphology,  though  some  indi- 
viduals are  so  short  as  to  suggest  cocci.  It  has  rounded  ends,  and  is  surrounded  by  a  distinct 
halo  or  capsule.     There  are  no  spores  and  no  flagella,  and  the  organism  is  not  motile. 

Stainin.g. — The  organism  stains  well  by  ordinary  methods,  but  not  by  Gram's  method. 

Distribution. — Friedlander's  bacillus  is  a  common  inhabitant  of  the  respiratory  apparatus, 
where  it  seems  to  be  a  harmless  saprophyte  under  conditions  of  good  health.  In  diseases 
of  the  respiratory  organs  it  seems  to  grow  rapidly  and  contribute  to  the  disease  process,  and 
sometimes  acquires  disease-producing  powers  of  it  own.  It  is  commonly  found  together  with 
the  pneumococcus  in  croupous  pneumonia,  and  sometimes  seems  to  be  the  predominating 
organism,  especially  in  catarrhal  pneumonias.  Smith  has  seen  some  cases  in  which  the  alveolar 
spaces  were  filled  with  masses  of  the  bacilli. 

These  bacilli  have  also  been  found  in  the  throat,  both  in  simple  inflnmmations  and  in  diph- 
theria. Howard  has  obtained  them  from  the  antrum  of  Highmore  and  frontal  sinuses  in  sup- 
purative inflammation  of  these  parts,  and  from  perirenal  abscess,  peritonitis,  and  endometritis,, 
so  that  they  seem  to  be  wide-spread  in  distribution  and  of  considerable  importance. 
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Cultivation. — The  bacillus  is  easily  obtained  by  the  plate  method  of  cultivation,  as  it  is 
luxuriant  in  its  growth  upon  artificial  media.  At  the  end  of  twenty-four  hours,  upon  gelatin 
plates,  small  white  spheres  make  their  appearance  and  tend  to  spread  upon  the  gelatin  so  as 
to  form  white  masses  of  considerable  size.  When  examined^with  a  lens,  the  colonies  appear 
irregular  in  outline  and  somewhat  granular. 

In  gelatin  puncture  cultures  the  organism  shows  its  ability  to  grow  both  with  and  without 
oxygen.  Upon  the  surface  in  the  presence  of  oxygen  it  grows  best,  forming  a  flattened, 
spreading  mass.  In  the  puncture  it  forms  a  series  of  small,  confluent,  spheric  colonies.  The 
growth  resembles  a  nail.  The  gelatin  is  neither  liquefied  nor  softened.  Upon  agar-agar, 
glycerin  agar-agar,  and  blood-serum  the  organism  forms  a  luxuriant  growth,  white  or  brownish- 
yellow,  and  smeary  in  appearance.  An  abundant  growth  takes  place  upon  potato,  quickly 
covering  the  surface  with  a  thick,  yellowish-white  layer  which  sometimes  contains  bubbles  of 
gas. 

In  all  culture-media  containing  sugar  an  abundant  formation  of  gas-bubbles  occurs. 

Pathogenesis. — Experimental  inoculation  with  Friedlander's  bacillus  commonly  fails  to 
produce  any  pathogenic  effects.  Friedlander  himself  reports  that  the  organism  is  feebly 
pathogenic  for  mice  and  guinea-pigs. 

Morbid  Anatomy. — The  disease  is  characterized  by  the  occurrence  of 
a  large  amount  of  an  exudate  whose  chief  characteristic  is  rapid  coagulation 


Fig.  277. — Bacillus  pneumoniae  of  Friedlander,  from  the  expectoration  of  a  pneumonia 
patient  (X  1000)  (Frankel  and  Pfeiffer). ,  , 

with  the  formation  of  considerable  fibrin.  It  affects  one  or  several  lobes, 
a  whole  lung,  or  rarely  both  lungs.  Double  pneumonia  is  usually  fatal,  as 
the  amount  of  breathing  space  is  too  small  to  permit  of  proper  aeration  of 
the  blood.  The  affected  lung  tissue  is  swollen,  so  that  the  lung  is  larger 
than  normal,  and  is  firmly  consolidated  and  liver-like  in  texture,  the  air 
being  entirely  displaced  by  the  coagulated  exudate  in  the  cells.  A  fragment 
cut  from  a  lung  immediately  sinks  if  placed  in  water.  The  color  of  the 
consolidated  tissue  varies  according  to  the  duration,  or  perhaps  according  to 
the  rapidity,  of  the  disease  process.  Sometimes  the  lung  is  dark  red,  some- 
times pinkish  gray,  sometimes  gray  in  color.  The  pleura  is  usually  smooth, 
except  for  adherent  flakes  of  fibrin.  In  the  pleural  cavity  one  is  apt  to  find 
a  fluid  exudate  with  floating  flakes  of  fibrin.  When  incised,  the  lung  tissue 
appears  granular,  and  if  it  be  scraped  with  a  knife,  little  fibrinous  plugs  are 
drawn  out  of  the  air-cells  and  bronchioles.  The  amount  of  fluid  contained 
in  the  tissue  varies  :  when  the  color  is  red,  there  is  usually  more  fluid  than 
when  it  is  gray,  and  the  darker  the  color  of  the  tissue,  the  richer  it  is  in 
fluid.     The  texture  of  the  lung  tissue  seems  to  be  altered,  for,  whereas  ordi- 
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narily  one  finds  the  spongy  character  of  the  lung  tissue  preventing  its  ready 
laceration,  the  pneumonic  lung  appears  much  more  readily  torn  than  normal. 

The  consolidated  tissue  resembles  so  closely  liver  tissue  that  it  has  become 
customary  for  the  diseased  tissue  to  be  described  as  hepathed. 

It  was  at  one  time  supposed  that  this  disease  ran  a  regular  course  of  three 
definite  stages  :  First,  a  stage  of  congestion  ;  second,  one  of  red  hepatization  ; 
third,  one  of  grav  hepatization,  and  then  finally  underwent  resolution  arid 
recovery  if  the  patient  lived.     The  fact  that  one  often  observes  cases  in 


Fig.  278. — Lung  of  a  child,  showing  the  appearance  of  the  organ  in  the  stage  of  red  hepati- 
zation of  croupous  pneumonia.  The  pneumonia  has  been  preceded  by  chronic  pleuritis,  which 
accounts  for  the  tliickened  fibrous  trabeculas  extending  into  the  tissue,  and  which  may  have 
had  something  to  do  with  the  peculiarly  prominent  appearance  of  the  bronchioles  throughout 
the  lung  (from  a  specimen  loaned  the  writer  by  Dr.  Joseph  Sailer). 


which  gray  hepatization  occurs  without  preceding  red  hepatization,  and  that 
red  hepatization  has  been  found  where  gray  was  expected,  makes  us  skeptical 
as  to  the  correctness  of  this  mode  of  description  though  it  affords  oppor- 
tunity difficult  to  secure  in  any  other  way. 

Stage  of  Congestion. — This  is  a  preliminary  active  hyperemia.  The 
pulmonary  vessels  are  full  of  bloqd,  the  lung  abnormally  red  in  color  and 
abnormally  voluminous.  The  tigsue,  when  pressed  upon,  readily  pits,  show- 
ing that  there  are  a  loss  of  elasticity  and ,  some  edema.  Crepitation  ■  is  less^ 
ened.     The  lung  is  heavy.     When  incised,  a  sticky  red  fluid,  usually  con- 
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laining  air-bubbles,  escapes  from  the  tissue.  It  is  scarcely  possible  to  differ- 
entiate between  the  prepneum'onic  congestion  and  congestion  from  other 
aiuses.  When  examined  microscopically,  the  lung  shows  marked  turges- 
cence  of  the  capillary  vessels,  with  the  escape  into  the  air-cells  of  a  con- 
siderable amount  of  fluid,  rich  in  red  blood  corpuscles.  This  exudate  may 
also  contain  a  few  leukocytes,  and  usually  shows  quite  a  number  of  desqua- 
mated epithelial  cells.  The  crepitant  rales  which  characterize  the  congestive 
stage  of  pneumonia  are  caused  either  by  the  bubbling  of  air  through  .the 
viscid  fluid,  or  by  the  sudden  separation  of  the  adhering  alveolar  walls. 

Red  Hepatization. — Supposing  that  the  disease  progresses  from  congestion 
to  red  hepatization,  we  conceive  that  the  escape  of  exudate  into  the  air-cells 
is  followed  by  its  coagulation  and  the  complete  exclusion  of  air.  The  lung 
remains  dark  red  in  color,  entirely  ceases  to  crepitate,  is  solid,  cuts  exactly 
like  liver,  and  is  friable. 

When  examined  microscopically,  the  air-cells  and  small  bronchial  tubes 
are  all  found  filled  by  the  coagulated  exudate.     At  first  glance  the  air-cells 


Fig.  279. — Croupous  or  fibrinous  pneumonia,  stage  of  red  hepatization ;  stained  by  Weigert's 
method  to  show  the  fibrin  only.  The  blue  threads  filling  the  air-cells  consist  of  fibrin-filaments 
(X  180). 


appear  to  be  filled  with  red  blood-corpuscles,  but  upon  more  careful  exam- 
ination the  delicate  reticulum  of  fibrin,  the  more  delicate  filaments  of  which 
ex-tend  among  the  red  blood  corpuscles,  becomes  apparent.  There  may  be 
no  leukocytes,  or  a  good  many  may  be  observed  in  the  air-cells.  The  desqua- 
mated epithelial  cells  are  inconspicuous.  It  is  a  characteristic  that  the  air- 
cells  shall  be  full  of  the  exudate,  which  seems  to  cling  to  their  walls  and 
leave  no  room  for  the  entrance  of  air.     The  blood  capillaries  are  congested. 

Gray  Hepatization. — Gray  hepatization  is  supposed  to  mark  the  begin- 
ning of  recovery.  It  is  called  gray,  from  the  naked- eye  appearance. 
The  tissue  of  the  diseased  lung  having  changed  its  color  from  red  to  gray 
without  any  important  alteration  in  texture,  the  microscope  alone  is  able  to 
explain  how  the  change  takes  place. 

When  examined  microscopically,  one  finds  that  the  red  blood  corpuscles 
so  conspicuous  in  the  preceding  stage  have  undergone  various  degenerative 
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changes  and  been  resolved  into  molecular  debris.  The  fibrin  has  also  in 
large  part  disappeared,  probably  through  colli quation,  and  the  air-cells  are 
seen  to  contain  large  numbers  of  leukocytes.  Their  presence  is  supposed 
to  depend  upon  the  chemotactic  powers  ot  the  bacteria  and  tissue  remnants, 
and  then-  object  is  that  of  scavenging  and  cleaning  up  the  lung.  It  is  in 
the  stage  of  gray  hepatization  that  one  notes  a  separation  of  the  clinging 
exudate  from  the  walls  of  the  air-cells  and  the  beginning  of  the  entrance  of 
air  into  the  lungs,  so  that  more  and  more  air  enters  as  the  contraction  of  the 
organ  and  removal  of  the  exudate  make  room  for  it. 

Resolution. — This  stage,  which  varies  m  duration,  marks  the  final  return 
of  the  pulmonary  tissue  to  the  normal.  The  softened  exudate  is  partly  ab- 
sorbed and  partly  expectorated  ;  the  leukocytes  completely  remove  the  remain- 
ing molecular  matter  and  the  lung  returns  nearly  to  its  normal  condition. 

The  lesions  are  always  homogeneous,  and  do  not  spread  from  any  single 
focus  that  can  be  pointed  out.  It  sometimes  happens  that  neighboring 
lobes  present  different  stages  or  different  ages  of  the  disease,  but  in  each 
of  them  that  process  present  will  be  homogeneous  throughout.  The  un- 
affected portions  of  pneumonic  lungs  present  other  less  important  changes. 
There  is  often  compensatory  inflation,  and  the  tissue  is  usually  pale,  though 
not  infrequently  congested.  One  finds  enlargement  and  inflammation 
of  the  bronchial  glands,  which  appear  reddish  or  brownish  in  color.  It 
must  not  be  forgotten  that  the  disease  is  both  infectious  and  toxic.  Septi- 
cernia,  from  the  entrance  of  the  pneumococci  into  the  circulation,  is  very 
common  and  explains  the  frequency  with  which  endocarditis,  pericarditis, 
meningitis,  and  other  secondary  processes  occur  in  the  course  of  pneumonia. 
The  toxemia  explains  the  chill,  fever,  circulatory  and  other  severe  symptoms 
not  sufficiently  explained  by  the  respiratory  obstruction. 

The  disease  usually  runs  a  short  course,  terminating  by  crisis,  immediately 
succeeded  by  the  beginning  of  resolution.  Occasionally  the  severity  of  the 
inflammation  is  so  marked,  or  the  liability  to  other  infections  so  increased, 
that  abscess  formation  and  gangrene  of  the  lung  occur.  These  seem,  how- 
ever, to  be  accidental  and,- fortunately,  uncommon  sequelae  of  the  disease. 

Caseation  has  been  pointed  out  as  a  termination  of  croupous  pneumonia, 
but  experience  seems  to  indicate  that  caseation  does  not  occur  in  a  lung  not 
previously  tuberculous.  It  is  true,  however,  that  the  occurrence  of  pneumo- 
nia in  a  tuberculous  lung  facilitates  the  development  of  the  original  disease. 
It  is  held  by  some  that  the  hyperemia  attending  croupous  pneumonia  has  the 
tendency  to  hold  tuberculous  processes  in  abeyance  or  to  check  them,  so  that 
after  pneumonia  a  tuberculous  disease  advances  less  rapidly  than  before. 
Such  cases  are  probably  extremely  unusual.  Indeed,  most  clinicians  hold 
the  contrary  opinion — that  the  changes  resulting  from  croupous  pneumonia 
predispose  to  tuberculosis  rather  than  antagonize  it. 

An  unfortunate,  not  very  frequent,  termination  of  pneumonia  is  postpneu- 
monic induration.  The  tissue  becomes  carnified,  and  continues  to  have  some- 
what the  appearance  of  the  stage  of  red  hepatization,  but  is  not  so  dense  and 
not  granular  on  the  cut  surface.  When  examined  microscopically,  the  tissue  is 
found  to  be  very  cellular,  due  to  an  active  proliferation  of  the  interalveolar 
cellular  tissue  and  a  wide-spread  cellular  infiltration.  This  is  followed  by 
marked  hyperplasia  of  connective  tissue,  by  which  the  septa  are  thickened. 
Ziegler  calls  attention  to  the  fact  that  within  the  air-cells  one  occasionally 
finds  a  fibrinous  plug  replaced  by  new  fibroconnective  tissue.  The  connec- 
tive tissue  is  not  all  in  the  interalveolar  wall,  but  grows  into  the  air-cells  as 
nodular  masses.  The  bronchial,  peribronchial,  and  interlobular  tissues  in- 
crease in  amount,  the  lung  becoming  indurated  and  fibrous,  and  subsequently 
contracting  so  as  partially  to  close  or  much  diminish  the  size  of  the  air-cells. 
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Should  the  alveolar  epithelium  be  lost,  the  air-cells  may  be  entirely  obliter- 
ated by  the  union  of  their  approximated  walls. 

The  fibrosis  is  not  uniform,  but  is  distributed  beneath  the  pleura,  around 
the  bronchi,  and  in  the  neighborhood  of  interlobular  connective  tissues.  No 
circumscribed  nodes  are  formed,  the  lesions  always  occurring  in  bands  or 
layers  which  gradually  blend  with  the  healthy  lung  tissue.  The  pleura  may 
become  involved,  with  resulting  hyperplasia  of  its  connective  tissue  as  well 
as  of  the  subpleural  connective  tissue  connecting  with  the  interlobular  bands, 
thus  bringing  about  alterations  in  the  bronchial  vessels,  lymphatics,  and  in 
the  contiguous  pulmonary  tissue.  The  affected  lung  may  thus  be  deformed 
by  subsequent  contraction  and  appear  abnormally  small,  rounded,  encapsu- 
lated, and  indurated  from  the  irregularly  distributed,  solid,  and  normal 
tissue.  Intervening  emphysema  and  occasional  bronchiectasis  may  also  be 
piesent. 

Pleura  in  Pneumonia. — The  pleura  covering  the  pneumonic  lung  is 
invariably  more  or  less  inflamed  and  coated  with  fibrin.  The  surface  of  the 
swollen  lung  is  somewhat  indented  by  the  ribs.  Sometimes  in  gray  hepati- 
zation, especially  in  elderly  people,  the  contrast  between  the  grayish  con- 
tents of  the  pulmonary  alveoli  and  the  black  pigmented  interalveolar  tissue 
gives  the  lung  a  peculiar  marbled  appearance.- 

Pleurogenic  pneumonia  has  its  origin  in  the  inflammation  of  the  pleura. 
As  in  inflammations  of  the  lung  the  pleura  is  inflamed,  so  in  inflammations 
of  the  pleura  the  subjacent  pulmonary  tissue  is  inflamed,  and  presents  a  pic- 
ture identical  with  that  seen  in  some  of  the  pneumonic  conditions  already 
described.  The  inflammatory  process  is  not  limited  to  an  extension  by  con- 
tinuity of  tissue,  which.  Of  course,  takes  place,  but  extends  to  the  deeper 
and  more  remote  parts  of  the  pulmonary  tissue  by  way  of  the  interlobu- 
lar and  peribronchial  lymphatic  vessels.  The  more  severe  the  infectious 
process  in  the  pleura,  the  more  wide-spread  the  secondary  invasion  will  be, 
so  that  in  empyema  pulmonary  abscesses  may  occur.  Pleurogenic  pneu- 
monia is  probably  more  common  in  children  than  in  adults.  In  marked 
cases  the  pathologic  alterations  are  of  interest.  Lines  of  suppuration  may 
occur  as  yellow-white  stripes  separating  the  lobules  of  the  lung  from  one 
another.  Other  purulent  extensions  along  the  course  of  the  bronchi  appear 
in  transverse  section  as  yellowish,  circumscribed  zones  about  the  bronchi. 
There  may  be  purulent  secretion  within  the  tubes  as  well.  By  causing  sup- 
puration in  the  interlobular  tissue  of  the  lung,  pleurogenic  pneumonia  may 
cause  an  actual  dissection  of  the  lobules  from  one  another,  this  being  known 
as  dissecting  pneumonia.  The  tissue  between  the  distended  lymphatic  ves- 
sels is  usually  dark  red  from  hyperemia  ;  it  may  be  empty  of  air,  and  the 
air-cells  filled  by  an  exudate  similar  to  that  seen  in  catarrhal  pneumonia. 
The  subpleural  pulmonary  tissue  is  infiltrated  with  round-cells,  the  pleura 
appearing  very  much  thickened  from  cellular  infiltration  and  inflammatory 
exudation,  and  not  infrequently  there  is  some  fibrin  in  the  exudate  which 
enters  the  air-cells,  approximating  the  surface  of  the  lung. 

Not  only  do  inflammations  of  the  pleura  lead  to  inflammations  of  the 
pulmonary  tissue,  but  inflammations  of  other  neighboring  organs  not  infre- 
quently lead  to  a  secondary  invasion  of  the  lung,  so  that  in  mediastinal 
abscess,  bronchial  lymphadenitis,  and  various  diseases  of  the  esophagus, 
vertebrae,  and  even  abdominal  organs,  such  as  the  stomach  and  liver,  inflam- 
mations of  the  lung  may  occur. 

Tuberculosis  of  the  Lungs. — Tuberculosis  of  the  lungs — phthisis 
pulmonalis,  pulmonary  consumption,  etc. — is  one  of  the  most  frequent  pul- 
monary diseases. 

Etiology. — The  disease  is  caused  by  the  tubercle  bacillus;   the  typical 
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lesion  is  the  miliary  tubercle.  The  bacilli  may  enter  the  lung  through  any 
one  of  three  different  channels :  First,  and  probably  the  most  frequent, 
through  the  respired  air ;  second,  by  the  blood  from  the  intestine ;  third, 
through  the  lymphatics  from  neighboring  tuberculous  foci.  Ultimately  all 
three  processes  run  similar  courses,  and  can  with  difficulty  be  disassociated. 
Aerogenic  Pulmonary  Tuberculosis. — Starting  with  the  most  frequent 
form  of  infection,  in  which  the  cause  of  the  disease  is  carried  into  the  organ 
with  the  inspired  air,  we  find  that  the  micro-organism  obtains  a  nidus  either 
in  the  air-cells  or  in  the  smaller  bronchioles.  The  apex  of  the  lung  is  most 
frequently  the  point  of  primary  infection.  The  first  change  brought  about 
in  the  air-cell  in  all  probability  partakes  of  the  nature  of  a  mild  catarrhal 
inflammation.  The  epithelial  cells  are  desquamated,  leukocytes  transmigrate, 
and  the  infected  air-cell  becomes  filled  up  by  a  cellular  accumulation  that 


Fig.  280. — A  miliary  tubercle  of  the  lung,  consisting  of  two,  probably  three,  submiliary 
tubercles.  The  coagulation-necrosis  of  the  center  and  the  giant-cell  formation  are  well  shown 
(X  7°)- 

forms  the  primitive  tubercle.  The  bacilli  may  grow  in  the  air-cells,  or 
almost  immediately  after  their  entrance  into  them  may  be  picked  up  by 
leukocytes  and  carried  into  the  lymphatic  channels,  so  that  the  primitive 
tubercles  may  be  either  interstitial  or  alveolar.  With  the  increase  in  num- 
ber of  the  tubercle  bacilli  occurs  a  simultaneous  increase  in  the  size  of 
the  tubercle,  which  soon  encroaches  upon  neighboring  air-cells,  so  that  its 
catarrhal  inflammatory  effects,  transmitted  through  the  alveolar  wall,  cause 
the  neighboring  air-cells  to  inflame  and  become  filled  with  an  inflammatory 
collection  similar  to  that  seen  at  the  original  focus.  The  formation  of  large 
lesions  depends  upon  continual  invasion  of  fresh  air-cells  and  infiltration  of 
intervening  septa.  In  this  way  the  tubercle  remains  a  circumscribed,  solid, 
inflammatory  node  of  varying  size,  composed  of  a  group  of  air-cells  destroyed 
by  a  solid  accumulation  within  them  and  by  a  cellular  infiltration  of  their 
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walls.     The  air-cells  immediately  about  this  tubercle  are  always  found  to 
exhibit  more  or  less  catarrhal  inflammation. 

The  increase  in  the  size  of  the  original  lesion  might  go  on  indefinitely  if 
certain  accidental  factors  did  not  cooperate  against  it.  Thus  we  find  with 
the  infiltration  of  the  interalveolar  septa  destruction  and  obstruction  of  the 
capillaries.  In  the  tuberculous  tissue  no  new  capillary  blood  vessels  are 
formed,  so  that  there  soon  comes  a  time  when  the  nutrition  of  the  in- 
flammatory tissue  is  outgrown,  and  coagulation  necrosis  sets  in  and  both 
cells  and  micro-organisms  at  the  center  of  the  tubercle  die,  the  younger 
tubercle  bacilli  being  found  in  large  numbers  only  in  the  newly  invaded 
tissue.  The  tubercle  bacilli  are  in  all  probability  frequently  picked  up  by 
leukocytes  or  other  phagocytic  cells,  and  carried  to  the  lymphatics,  where 
they  seem  to  overpower  their  captors,  grow,  and  produce  secondary  tubercles. 
It  may  also  be  true  that  the  lymph-currents  themselves  occasionally  detach 
and  carry  away  the  tubercle  bacilli,  and  remembering  the  great  blood  vascu- 
larity and  equally  great  lymph  vascularity  of  the  pulmonary  tissues,  it  is  easy 
to  understand  how  a  focus  of  tuberculous  disease  may  become  a  center  from 
which  the  process  extends  in  all  directions,  and  leads  to  an  extensive  invasion 
of  the  lung. 

While  this  is  going  on  the  size  of  the  original  lesion  continues  to  increase 
by  the  incorporation  of  outlying  tubercles  as  they  are  reached.  The  center 
is  continually  degenerating — that  is,  caseating.  Cavities  are  formed  of 
tuberculous  tissue  in  various  ways :  for  example,  from  a  large,  caseous, 
primary  lesion,  or  from  a  similar  secondary  lesion,  the  extension  of  the 
tuberculous  disease  into  the  bronchial  tube  may  offer  an  opportunity  for  the 
escape  of  the  softened,  necrotic  center  of  the  tuberculous  mass.  In  this 
way  a  ragged  hole  is  formed,  small  in  the  beginning  but  continually  tending 
to  increase  in  size.  Such  a  cavity  presents  an  irregular  wall  of  yellowish  or. 
yellowish-gray,  cheesy,  tuberculous  tissue.  The  bronchial  vessel  from  which 
its  contents  escape  may  appear  to  enter  at  one  side  and  leave  it  at  the  other, 
or  may  enter  and  apparently  not  leave  it,  the  proximal  portion  having  been 
obliterated  by  the  tuberculous  inflammation  or  plugged  by  inhaled  secre- 
tions. If  thick-walled  blood  vessels  occur  in  the  immediate  surroundings, 
they  may  appear  as  ridges  upon  the  walls  of  the  cavity,  or  may  extend  as 
cords  directly  through  it.  The  distending  influence  of  the  inspired  air  will 
always  aid  in  increasing  the  size  of  cavities.  The  entering  air  brings  into 
the  cavity  mucous  secretion  from  the  inflamed  bronchioles  with  which  it 
connects,  and  with  this  secretion,  bacteria  of  putrefaction  or  of  suppuration, 
which,  by  developing  in  the  necrotic  material  within  the  cavity,  cause  a 
rapid  destruction  of  the  tissue  and  somewhat  change  the  natural  order  of 
events,  by  the  production  of  purulent  or  even  gangrenous  lesions.  At  other 
times  the  wall  of  a  bronchial  vessel  is  weakened,  without  being  perforated 
or  eroded  by  the  tuberculous  process,  when  bronchiectasis  occurs. 

The  erosion  of  blood  vessels  within  tuberculous  cavities  not  infrequently 
causes  hemorrhage.  If  capillaries  are  eroded,  the  hemorrhage  is  slight  and 
the  sputum  blood-stained.  '  If  large  vessels  rupture,  the  hemorrhage  may  be 
large  or  even  fatal.  Blood  vessels  with  tuberculous,  weakened  walls  dilate, 
with  the  formation  of  small  aneurysms,  which,  should  they  rupture,  pro- 
duce severe  and  sometimes  fatal  hemorrhage.  The  presence  of  escaped 
blood  into  the  tuberculous  cavity  facilitates  the  growth  of  saprophytic  bac- 
teria, and  thus  aids  the  further  progress  of  the  secondary  infections.  The 
pulmonary  tuberculosis  is  invariably  associated  with  bronchitis,  the  muco- 
purulent discharges  from  the  inflamed  tubes,  mixed  with  the  necrotic  mate- 
rial from  the  cavities,  forming  the  sputum  so  characteristic  of  the  affection. 

During  the  time  that  the  cheesy  material  is  being  discharged  from  the 
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cavity  into  the  tube  with  which  it  communicates,  and  while  the  tuberculous 
area  is  disseminating  its  infectious  micro-organisms  through  the  lymphatics 
and  thus  invading  new  tissue,  there  is  a  continual  backward  and  forward 
movement  of  infectious  material  in  the  air-passages  of  the  lung,  constantly 
invading  new  parts  of  the  bronchial  tree.  With  each  expiratory  effort  the 
infectious  matter  is  carried  outward ;  with  each  succeeding  inspiratory  effort 


Fig.  281.— Tuberculosis  of  the  lung:  the  upper  lobe  shows  advanced  cheesv  consoli- 
dation with  cavity-formation,  bronchiectasis,  and  fibroid  changes ;  the  lower  lobe  retains  its 
spongy  texture,  but  contains  numerous  miliary  tubercles. 

it  is  carried  back  again  into  deeper  and  heretofore  uninvaded  air-passages, 
so  that  a  triple  infection  is  continually  in  progress :  (1)  By  continuity  of 
tissue ;  (2)  through,  the  lymphatics  ;  (3)  through  the  air-tubes.  Thus,  from 
a  single  primitive  lesion  of  the  lung,  the  whole  organ  may  become  involved 
and  transformed  into  an  almost  unrecognizable,  consolidated,  cheesy,  eroded, 
and  cavernous  mass  of  diseased  tissue. 
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The  disease  of  the  lung  usually  does  not  progress  very  far  before  tuber- 
culous changes  are  inaugurated  within  the  bronchial  lymphatic  glands.  It 
is  interesting  that  the  disease  of  these  organs  is  subordinate  to  that  of  the 
lungs,  and  only  in  rare  cases  progresses  more  rapidly  than  the  original  lesion. 
Occasionally  the  erosion  of  a  blood  vessel  enables  infectious  material  to  enter 
the  blood-stream,  and,  by  disseminating  the  bacilli  through  the  systemic  cir- 
culation, occasions  general  miliary  tuberculosis. 

Hematogenous  Pulmonary  Tuberculosis. — In  this  form  of  Kiberculosis 
the  primary  lesion,  instead  of  occurring  within  air-cells,  takes  place  within 
capillary  blood  vessels.  The  bacilli  are  not  inspired,  but  carried  to  the  lung 
from  tuberculous  foci  elsewhere,  in  the  form  of  minute  emboji.  They  prob- 
ably enter  the  thoracic  duct  by  way  of  the  lacteals  with  the  products  of 
digestion,  reach  the  venous  circulation,  and  are  then  conveyed  to  the  lungs. 
Should  a  single  embolus  containing  a  tubercle  bacillus  thus  enter  the  lung,  a 
miliary  tubercle  will  be  formed,  differing  from  other  miliary  tubercles  only  in 
that  its  primitive  cells  have  been  derived  from  the  endothelium  of  the 
capillary  blood  vessels  and  from  the  cells  of  the  surrounding  interalveolar 
tissue.  Before  the  tubercle  attains  visible  dimensions  it  encroaches  upon  the 
air-cells  and  occasions  within  them  a  catarrhal  inflammation  identical  with 
that  already  described  in  connection  with  the  aerogenic  tubercles.  One  by 
one  the  neighboring  cells  are  filled  up  and  included,  and  thus  in  a  short 
time  a  lesion  similar  to  that  already  described  will  be  formed. 

It  often  happens  that  great  numbers  of  tubercle  bacilli  are  carried  to 
the  lung  by  the  venous  blood  from  tuberculous  lesions  of  the  spinal  column, 
testicle,  joints,  etc.,  in  a  short  time  causing  the  formation  of  a  great  number 
of  miliary  tubercles.  Sometimes  both  lungs  appear  filled  with  equally  dis- 
tributed, minute  tubercles,  originating  in  this  manner.  This  is  called 
miliary  tuberculosis  of  the  lung. 

Lymphogenic  Pulmonary  Tuberculosis. — The  lymphatic  form  of  pulmo- 
nary tuberculosis  most  frequently  succeeds  tuberculosis  of  the  bronchial 
glands  and  pleura,  the  tubercle  bacilli  being  carried  from  these  tissues  into 
the  lung  tissue  itself  via  the  lymphatics.  In  tuberculous  bronchial  lymph- 
adenitis the  perforation  of  the  enlarged,  softened,  and  ulcerating  glands  into 
a  bronchus  or  even  into  the  lung  itself,  followed  by  discharge  of  their  con- 
tents into  the  air-passages,  causes  what  is  really  a  form  of  secondary  aero- 
genic tuberculosis. 

Tuberculous  extension  takes  place  from  the  plisura  both  by  continuity  of 
tissue  and  by  distribution  of  the  bacilli  along  the  lymphatic  vessels  of  the  pul- 
monary septa  and  those  about  the  bronchial  vessels.  There  is  usually  little 
difficulty  in  detecting  the  pleurogenic  pulmonary  tuberculosis,  as  the  dis- 
eased pleura  is  so  altered  in  appearance  as  to  be  quite  characteristic. 

The  tubercle  formation  or  eruption  is  accompanied  by  more  or  less  hy- 
peremia of  the  surrounding  lung  and  by  alveolar  and  bronchial  catarrh. 
.  The  bronchi  usually  manifest  signs  of  inflammation  ;  the  mucous  membrane 
is  red,  may  contain  a  mucopurulent,  sometimes  a  bloody,  material.  When 
many  tubercles  are  present,  the  lung  is  consolidated  and  denser  and  contains 
less  air  than  normal.  The  exclusion  of  air  from  the  lung  is  always  in  pro- 
portion to  the  amount  of  consolidated  pulmonary  tissue.  When  the  tuber- 
culous areas  are  of  large  size,  the  tissue  appears  solid,  yellowish  or  grayish, 
sometimes  friable,  sometimes  softened,  and  creamy  or  even  purulent.  Cav- 
ities when  present  appear  as  irregular  spaces  in  the  consolidated  tissue. 
Sometimes  neighboring  cavities  communicate  with  one  another. 

The  tuberculous  disease  may  be  confined  entirely  to  one  lung,  but  it  is 
somewhat  unusual  to  find  advanced  tuberculosis  of  one  lung  without  some 
involvement  of  the  other.     The  lungs  are  rarely  uniformly  affected,  the  dis- 
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ease  usually  being  much  more  advanced  in  one  than  the  other.  The  disease 
is  rarely  limited  to  the  natural  divisions  of  the  lung,  several  or  all  of  the 
lobes  of  the  diseased  lung  being  simultaneously,  though  not  equally,  affected. 

In  advanced  cases  the  disease  may  transform  an  entire  lung  into  a  con- 
solidated mass  of  yellowish  tissue,  riddled  with  cavities,  divided  up  by 
dense  bands  of  connective  tissue,  and  covered  with  a  thickened  pleura,  and 
devoid  of  any  resemblance  to  normal  pulmonary  tissue. 

The  remaining  air-containing  portions  of  the  lung  are  rarely  normal  in 
appearance,  because  of  an  acute  or  chronic  distention  (compensatory  emphy- 
sema). Along  the  free  borders  of  the  lung,  and  here  and  there  upon  its 
surface,  one  finds  groups  of  distended  air-cells.  The  plugging  of  the  bron- 
chial vessels  with  secretions  and  cheesy  matter  from  the  cavities,  and  the 
obliteration  of  the  smaller  bronchial  tubes  by  the  development  of  tubercles 
in  and  around  them  and  the  swelling  of  their  lining  membrane,  predispose 
to  atelectasis.     Fresh  atelectasis  in  the  tuberculous  lung  is  common. 

Bronoliopneunionia  is  ci  common  secondary  process  in  tuberculosis  of  the  lungs,  depend- 
ing upon  the  entrance  of  infectious  material.  It  is  usually,  but  not  always,  tuberculous  in 
nature,  and  tends  to  diminish  the  air-space  by  increasing  the  amount  of  consolidated  tissue. 

Tuberculous  Pleuritls.— Tuberculosis  of  the  lung  rarely  progresses  to  any  considerable 
extent  without  affecting  X\ie  fleura,  which  is  at  first  likely  to  undergo  a  simple  local  inflamma- 
tion over  the  tuberculous  area,  but  very  frequently  becomes  agglutinative,  so  that  the  parietal 
and  visceral  pleurae  unite.  When  this  does  not  occur,  the  pleura  over  the  tuberculous  lung 
almost  invariably  becomes  much  thickened,  and  not  infrequently  exhibits  a  number  of  miliary 
tubercles  upon  its  surface,  or  imnjediately  beneath  it.  In  the  more  chronic  cases  the  thickening 
of  the  pleura  probably  aids  the  progress  of  the  disease  by  keeping  the  lung  from  properly 
expanding. 

According  to  the  course  of  the  disease  different  appearances  are  pre- 
sented. Thus,  when  the  progress  is  extremely  rapid,  the  lung  may  consoli- 
date so  quickly  and  uniformly  as  to  bear  a  close  resemblance  to  the  stage 
of  gray  hepatization  of  croupous  pneumonia.  In  such  lungs  there  may  be 
no  excavations  or  cavities.  This  is  sometimes  spoken  of  as  tuberculous  pneu- 
monia. When  less  rapid  and  accompanied  by  consolidation  with  numerous 
small  excavations,  the  condition  which  leads  to  a  rapid  fatal  termination  is 
spoken  of  as  phthisis  florida.  The  ordinary  form,  which  is  familiar  to  every 
practitioner  and  soon  becomes  familiar  to  every  student,  is  that  in  which  the 
disease  is  of  months'  and  sometimes  of  several  years'  duration.  It  is  usually 
called  caseofibroid  phthisis,  and  seems  to  indicate  some  resisting  power  on 
the  part  of  the  patient. 

In  the  caseofibroid  tuberculosis  of  the  lungs,  together  with  cheesy  areas, 
excavations,  fresh  miliary  tubercles,  bronchiectasis,  emphysema,  atelectasis, 
etc.,  one  finds  also  new  formation  of  connective  tissue,  sometimes  surround- 
ing tuberculous  areas,  sometimes  taking  on  the  form  of  a  hyperplasia  of 
the  pulmonary  trabecula  and  peribronchial  tissue,  which  seems  to  indicate 
a  tendency  of  nature  to  shut  off,  encapsulate,  or  organize  the  specific  in- 
flammatory lesions.  Extensive  areas  of  tissue  may  show  marked  connec- 
tive-tissue formation,  but  though  healing  is  in  progress  in  some  parts  of  the 
organ,  the  destructive  lesions  are  steadily  gaining  upon  it  elsewhere,  and 
ultimately  the  individual  is  obliged  to  succumb. 

Rarely  the  disease  takes  an  essentially  chronic  course  in  which  the  multi- 
plication and  dissemination  of  tubercles  are  held  in  abeyance  for  years  by  an 
enormous  hyperplasia  of  connective  tissue,  surrounding,  encapsulating,  and 
isolating  the  tuberculous  areas.  Unfortunately,  however,  in  fibroid  phthisis 
the  connective-tissue  formation  is  itself  far  from  benign,  and  the  isolating 
and  encapsulating  bands,  when  they  subsequently  contract,  deform  the 
lung,  diminish  its  size,  distort  the  chest  (especially  when  pleuritic  adhesions 
exist),  and  diminish  the  breathing  space. 
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Recovery  from  Pulmonary  Tuberculosis. — Recovery  occurs  when  the 
immunity  of  the  patient  checks  the  further  spread  of  the  disease.  It  takes 
place  by  organization,  encapsulation,  isolation,  and  subsequent  calcification 
of  the  lesions  already  present.  It  is  quite  probable  that  it  is  not  less  the 
encapsulating  barrier  formed  to  limit  the  disease  than  that  peculiar  resisting 
power  of  the  individual  which  enables  the  barrier  to  be  formed  that  predis- 
poses to  recovery.  The  isolated  and  encapsulated  tuberculous  tissue  under- 
goes caseation,  and  in  it  both  cells  and  tubercle  bacilli  seem  to  die.  In  the 
molecular  debris  lime-salts  are  usually  deposited.  It  is  quite  common  to 
find  firm  fibroid  and  calcified  tuberculous  nodules  in  the  apices  and  some- 
times in  the  lower  lobes  of  the  lungs  of  individuals  dying  from  other  affections. 
In  size  they  vary  from  that  of  a  pin-head  to  that  of  a  pigeon's  egg.  They 
are  firmly  encapsulated  in  the  connective  tissue,  and  when  incised,  are  found 
to  consist  entirely  of  chalky  material,  which  the  knife  penetrates  with  diffi- 
culty. These  are  in  all  probability  healed  tubercles,  although  it  is  not  always 
possible  to  differentiate  between  the  healed  tubercle  and  a  healed  abscess  or 
gumma. 

Complications  of  Pulmonary  TulDerculosis. — Pleuritic  Adhesions. — These  are  extremely 
common.  When  extensive,  they  diminish  the  respiratory  movements  and  probably  thus 
facilitate  the  spread  of  the  tuberculous  disease.  In  fibroid  phthisis,  by  uniting  the  lung  with 
the  wall  of  the  chest,  they  enable  the  contracting  bands  of  tissue  to  draw  upon  the  chest-wall 
so  as  to  deform  the  thorax'.  The  adhesions  result  from  pleuritic  inflammations  secondary  to 
the  tuberculosis,  but  not  always  themselves  tuberculous.  The  pleuritic  adhesions  found  in 
tuberculosis  pulmonalis  may  at  times  be  independent  of  the  tuberculosis  and  subsequent  to 
prior  simple  pleuritis. 

Suppuration  and  Gavgrene. — These  two  processes  depend  upon  the  accidental  entrance  of 
septic  micro-organisms  into  a  tissue  of  diminished  vital  resistance.  The  appearances  are  quite 
typical  and  need  no  repeated  description. 

EmpyeTna. — The  occasional  discharge  into  the  pleural  cavity  of  pyogenic  micro-organisms 
or  tubercle  bacilli  from  subpleural  tuberculous  lesions  not  infrequently  causes  suppuration  of 
the  pleura,  or  empyema.     The  empyema  is,  however,  frequently  preceded  by  pneumothorax. 

Pneumothorax . — This  results  from  the  rupture  of  a  tuberculous  cavity,  permitting  air  to 
enter  the  cavity  of  the  pleura.  It  causes  collapse  of  the  lung,  with  great  embarrassment  of 
respiration  and  compression  of  the  lung.  As  the  escape  of  air  is  usually*accbmpanied  by  the 
escape  of  septic  organisms,  the  development  of  pneumothorax  is  almost  invariably  followed  by 
suppuration  and  forms  a  pyopneumothorax. 

Hemorrhage. — Hemorrhage  from  the  lung — hemoptysis — may  occur  from  the  oozing  of  the 
blood  from  eroded  capillaries,  usually  situated  in  the  walls  of  the  cavities.  It  may  occur  from 
the  direct  erosion  of  a  blood  vessel  of  considerable  size,  but  is  usually  preceded  by  aneurysmal 
dilatation  resulting  from  weakening  of  the  walls  of  the  vessel.  The  hemorrhages  are  of  all 
degrees  of  severity — sometimes  only  sufficient  to  tinge  the  expectoration  slightly  red,  sometimes 
large  enough  to  cause  the  death  of  the  patient  from  loss  of  blood.  When  large  hemorrhages 
are  not  fatal,  they  are  usually  distinctly  detrimental,  in  that  the  blood  which  escapes  by  way 
of  the  air-vessels  is  sucked  back  into  the  bronchioles  and  air-cells  with  each  inspiratory  effort, 
thus  lessening  the  already  diminished  breathing  space,  increasing  the  amount  of  effete  matter 
contained  within  the  lungs,  and  paving  the  way  for  the  development  of  any  septic  and  putre- 
factive organisms  that  may  be  present.  For  this  reason  hemorrhages  are  sometimes  followed 
by  gangrene  of  the  lung. 

Syphilis  of  the  Lung. — Syphilitic  disease  of  the  lung  is  rare.  It 
may  be  either  congenital  or  acquired.  The  congenital  form  is  by  far  the 
more  common.  Its  usual  appearance  is  that  known  as  white  pneumonia,  a 
form  resembling  bronchopneumonia. 

White  pneumonia  is  characterized  by  the  occurrence  of  consolidated 
patches  which  may  unite  and  form  lobar  areas  of  inflammation.  The  disease 
is  so  called  because  of  the  whitish  or  grayish  color  of  the  inflamed  patches, 
which  are  completely  consolidated.  When  examined  with  the  microscope, 
desquamation  of  the  epithelial  cells  of  the  alveoli,  similar  to  that  seen  in 
catarrhal  pneumonia,  is  observed.  There  are  marked  infiltration  of  leuko- 
cytes and  a  characteristic  proliferation  of  cells  in  the  interalveolar  tissue. 
The  blood  vessels  of  the  alveolar  walls  show  thickening  of  the  intima.  In 
the  lung  tissue  immediately  surrounding  the  patch  there  is  imperfect  devel- 
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opment  or  expansion  of  the  organ.  The  tissue  is  always  anemic,  and  its 
whiteness  probably  depends  in  large  part  upon  the  anemia.  The  disease  is 
usually  bilateral. 

Considerably  rarer  is  the  acquired  form  of  pulmonary  syphilis.  Of  the 
syphilitic  manifestations,  the  gumma,  if  not  the  most  common,  is  the  most 
easily  recognized.  It  undergoes  the  usual  cycle  of  round-cell  infiltration, 
connective-tissue  proliferation,  coagulation  necrosis,  and,  in  the  event  of 
recovery,  organization.  The  resemblance  of  the  pulmonary  gumma  to  soften- 
ing tubercles  must  not  be  forgotten,  nor  must  one  forget  that  the  tubercle  is 
of  extremely  common  occurrence  in  the  lung,  while  the  gumma  is  equally 
rare,  especially  in  adults. 

Actinomycosis  of  the  Lung. — This  disease  is  usually  secondary  to 
primary  infection  of  some  higher  part  of  the  respiratory  or  digestive  tract, 
from  which  it  spreads  by  the  inhalation  of  the  actinomyces  fungi.  It  occurs 
in  the  form  of  a  superficial  catarrh  of  the  respiratory  passages,  accompanied 
by  a  fetid  discharge  in  which  the  microscope   shows  the  presence  of  the 


Fig.  282. — Syphilitic  "  white  "  pneumonia  of  the  new-born.  The  alveolar  walls  are  con- 
siderably thickened  with  a  richly  cellular  connective  tissue  (i).  In  the  alveolar  lumen  numer- 
ous large,  desquamated  epithelial  cells  (2)  and  several  leukocytes  are  seen  (X  250)  (Diirck). 

fungi.  As  the  disease  ascends  higher  and  higher  and  the  parenchyma 
of  the  lung  is  reached,  the  alveolar  tissue  of  the  organ  becomes  invaded. 
Granulomata  are  formed,  each  surrounded  by  a  zone  of  catarrhal  pneu- 
monia and  appearing  as  small  grayish  or  reddish  nodules.  These  con- 
tinually augment  in  number,  the  lung  sooner  or  later  becoming  riddled  with 
them.  The  nodules  and  their  surrounding  pneumonic  areas  may  lead  to  ex- 
tensive consolidations,  and  as  the  consolidated  tissue  is  prone  to  undergo 
softening  by  suppuration  and  fatty  metamorphosis  and  break  down,  the 
nodules  soon  lead  to  the  formation  of  numerous  communicating  cavities 
filled  with  the  same  purulent  material  that  characterizes  actinomycotic  in- 
flammations in  general.  While  the  invasion  is  in  progress  and  the  early 
infiltrated  parts  of  the  tissue  are  disintegrating,  the  formation  of  new  con- 
nective tissue  takes  place  in  the  less  inflamed  surrounding  tissue  and  leads  to  a 
partial  encapsulation  of  the  disintegrated  tissue,  so  that  the  actinomycotic 
lung  is  not  only  riddled  with  holes,  but  also  considerably  indurated. 

The  disease  ultimately  reaches  the  pleura,  which  becomes  covered  with 
the  usual  exudate  and  eventually  is  much  indurated  and  thickened,  and  often 
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adherent  to  the  chest-wall  or  diaphragm.  By  extension  through  the  pleura 
the  disease  may  extend  to  the  neighboring  tissues  and  invade  the  muscles  of 
the  thorax,  the  subcutaneous  tissue,  the  skin,  the  pericardium,  the  diaphragm, 
etc. 

Glanders. — Glanders  of  the  lung  is  a  rare  affection.  It  is  characterized  by  the  formation 
of  small,  pea-size,  grayish-yellow,  whitish  or  yellowish,  cellular  nodules.  In  some  cases  the 
disease  is  rapid  and  suppurative  in  form  and  leads  to  the  formation  of  rather  large-sized  areas 
of  pneumonic  infiltration,  sometimes  lobular,  sometimes  lobar  in  configuration,  and  sometimes 
characterized  by  the  occurrence  of  hemorrhagic  infiltrations. 

Lepra. — Leprous  lesions  of  the  lung  are  rare.  They  have  no  definite  macroscopic  features 
by  which  they  can  be  differentiated  from  the  other  granulomata.  The  microscope  alone  can 
make  a  positive  diagnoMs.  Tuberculosis  of  the  lung  being  common  among  the  lepers,  care 
must  be  taken  in  making  a  diagnosis  of  the  condition. 

Tumors  of  the  Lung. — Primary  tumors  of  the  lung  are  of  compara- 
tively rare  occurrence.     Fibroma,  osteoma,   lipoma,  chondroma,  and  others 


Fig.  283. — Metastatic  sarcoma  of  the  lung ;  a  sarcoma  embolus  in  one  of  the  small  veins  (x  13S)- 


have  been  seen.  Primary  carcinoma  of  the  lung  is  very  rare.  It  most  fre- 
quently develops  from  the  mucous  glands  of  the  bronchi,  and  grows  with  the 
formation  of  ragged,  fungous,  intrabronchial  masses  which  increase  in  size 
and  extend  along  the  tubes  in  both  directions  until  they  invade  the  alveolar 
tissue.  Ultimately  the  distribution  takes  place  through  the  lymphatics  and 
blood  vessels.  In  some  cases  the  carcinoma  may  develop  from  the  alveolar 
epithelium  itself  and  spread  from  the  very  beginning  through  the  lym- 
phatics, as  well  as  through  the  air-system. 

The  difficulty  of  differentiating  between  the  two  modes  of  origin  after 
the  lesion  has  been  in  existence  for  a  time  must  be  apparent. 

The  growth  of  the  primary  carcinoma  is  always  slow,  and  its  tendency 
seems  to  be  to  remain  a  circumscribed,  though  not  encapsulated,  growth. 

The  secondary  tumors  of  the  lung  may  be  of  any  metastatic  variety. 
They  are  usually  differentiated  from  the  primary  tumors  by  the  number  of 
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centers  from  which  they  grow.  All  the  secondary  tumors  are  commonly 
bilateral.  The  form  usually  assumed  is  that  of  more  or  less  rounded  nodes, 
quite  sharply  circumscribed  from  the  surrounding  tissue.  They  originate  as 
emboli  which  lodge  in  the  blood  vessels,  and,  extending  through  the  limita- 
tions of  the  circumscribing  vessel,  distribute  their  cells  through  the  lym- 
phatics. It  does  not  follow  of  necessity,  though  it  often  happens,  that  the 
growth  of  the  tumor  is  accompanied  by  more  or  less  inflammation,  which 
aids  in  the  process  of  consolidation.  The  disease  spreading  along  the  lym- 
phatic vessels  soon  extends  to  the  pleura,  upon  the  surface  of  which  little 
lines  of  invaded  lymphatics  can  often  be  seen. 

Sarcoma  is  a  frequent  metastatic  tumor  in  the  lung.  Carcinoma  is  not 
uncommon. 

Bony  deposits  in  the  connective-tissue  trabecula  of  the  lung  are  some- 
times observed.  They  are  small,  numerous,  and  scattered  throughout  both 
lungs.  Each  mass  is  irregularly  branched  in  shape,  and  situated  deeply  in 
the  pulmonary  tissue,  where  it  feels  to  the  examining  fingers  like  a  hard 
nodule.  Their  intimate  attachment  to  the  surrounding  connective  tissue 
makes  it  difficult  to  remove  the  masses. 

Parasites  of  the  Lung-. — Of  the  vegetable  parasites,  the  aspergillus, 
the  mucor,  and  the  o'idium  may  be  mentioned.  They  are  rarely  met,  and 
produce  inflammatory  changes  devoid  of  any  essential  characteristics.  Among 
the  animal  parasites  the  Paragonimus  Westermanii,  lung  fluke,  or  bronchial 
fluke,  is  occasionally  met  with  in  Asia.  It  becomes  encysted  near  the  root 
of  the  bronchi,  and  discharges  its  eggs  into  the  mucopurulent  secretions 
caused  by  its  presence  there.  Thousands  of  these  eggs  are  expectorated 
every  twenty-four  hours.     It  causes  hemoptysis. 

The  Cysticercus  celluloses  sometimes  becomes  encysted  in  the  lungs. 
The  Strongylus  longivaginaius  is  occasionally  seen.  Monas  and  cercomonas 
are  mentioned  by  Ziegler.  Coccidia  and  psorosperms  are  also  upon  record  as 
pulmonary  parasites. 

The  most  important  parasite  of  the  lung  is  the  echinococcus.  It  is  more 
frequently  secondary  than  primary,  and  usually  depends  upon  primary 
disease  of  the  liver.  Hence  it  is'  most  common  in  the  neighborhood  of 
the  liver — that  is,  in  the  lower  lobe  of  the  right  lung.  The  entrance 
of  the  parasite  into  the  lung  may  depend  upon  the  penetration  of  the  dia- 
phragm, or  may  be  due  to  its  distribution  through  the  hepatic  vein,  inferior 
vena  cava,  and  right  side  of  the  heart.  There  may  be  but  one  parasitic  cyst 
or  there  may  be  several  in  different  parts  of  the  lung.  The  size  varies  from 
a  walnut  to  a  man's  head.  When  large,  they  not  infrequently  cause  displace- 
ment of  the  thoracic  viscera.  In  extreme  cases  they  have  been  known  to 
produce  curvature  of  the  spine.  The  presence  of  the  parasites  may  cause  no 
inconvenience  to  the  patient,  as  it  often  undergoes  a  natural  cycle  of  changes 
that  ends  in  a  more  or  less  perfect  recovery  by  calcification  and  encapsulation. 

In  less  favorable  cases  they  progressively  increase  in  size  until  a  time 
comes  when  the  cyst  must  rupture.  If  the  cyst  ruptures  into  the  pleural 
cavity,  it  may  cause  pneumothorax.  If  it  ruptures  into  a  bronchus,  the 
fluid  may  be  expectorated.  In  some  cases  the  cyst  will  suppurate  and  lead 
to  secondary  infections.  A  case  of  echinococcus  of  the  branches  of  the 
pulmonary  artery  ■  has  been  reported  by  Scheuthauer,  and  a  still  more  re- 
markable case,  in  which  the  parasite  occurred  in  the  lymphatic  vessels,  has 
been  observed  by  Virchow.  When  fragments  of  the  cyst-wall  are  found  in 
the  expectoration,  the  diagnosis  of  the  condition  is  made  quite  easy.  The 
fragments  have  the  well-known,  milk-white,  glassy  appearance,  cartilaginous 
consistence,  and  characteristic  disposition  to  curl  up  with  the  free  edges 
inward.      The  contents,  where  they  can  be   secured  by  aspiration   or  by 
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evacuation,  may  be  allowed  to  sediment,  and  then  be  examined  with  the 
microscope  for  the  characteristic  booklets. 

DISEASES  OF  THE  PLEURA. 

The  protected  position  and  simple  structure  of  the  pleura  combine  to 
lessen  the  number  of  primary  affections  to  which  it  is  subject.  On  the 
other  hand,  however,  its  proximity  to  the  pulmonary  tissue  and  its  rich 
lymphatic  circulation  favor  the  development  of  secondary  diseases,  the  great 
majority  being  secondary  to  disease  of  the  lung. 

Active  hyperemia  is  observed  as  the  early  stage  of  pleuritis. 

Passive  hyperemia  most  frequently  depends  upon  venous  engorge- 
ment from  obstructive  heart-disease.  The  vessels  are  distended,  and  a 
watery  transudate  collects  in  the  pleural  cavities,  causing  what  is  known  as 
hydrothorax.  Except  in  pathologic  conditions,  in  which  some  previous  dis- 
ease has  occluded  all  or  part  of  one  cavity,  hydrothorax  is  a  symmetric 
bilateral  affection,  characterized  by  the  occurrence  of  a  watery,  straw- 
colored  fluid  in  the  pleural  cavities.  This  fluid  is  of  low  specific  gravity  and 
usually  does  not  coagulate  spontaneously. 

Passive  hyperemia  also  occurs  when  effusions  of  the  pleura  are  suddenly 
removed  by  aspiration  and  the  pressure  upon  the  vessels  is  thus  relieved. 

Hemorrhage. — Petechiae  appear  upon  the  pleura  in  many  of  the  in- 
fectious diseases  and  in  some  of  the  intoxications.  They  also  characterize 
such  ill-defined  diseases  as  scorbutus  and  morbus  maculosus  Werlhofii.  In 
the  latter  diseases  rather  large  ecchymoses  are  sometimes  observed.  In 
death  from  suffocation  the  violent  inspiratory  efforts  may  so  strain  the  capil- 
laries that  they  rupture  and  form  subpleural  ecchymoses.  Large  hemorrhages 
may  be  caused  by  the  intrapleural  ruptm'e  of  aneurysms,  rupture  of  the  lung, 
lacerated  and  incised  wounds  of  the  chest- wall,  fractured  ribs,  etc.,  and  also 
from  malignant  tumors  of  the  pleurae. 

The  blood  that  escapes  into  the  pleura  usually  fails  to  coagulate,  being  in 
contact  with  normal  endothelium.  When  not  infected,  it  is  slowly  absorbed, 
but  its  presence  is  commonly  succeeded  by  agglutinative  inflammatory  changes 
in  the  membrane,  with  adhesions. 

Infection  of  hemorrhagic  extravasations  by  bacteria  entering  through  the 
chest-wall  or  from  the  lung  is  serious,  leading  to  purulent  and  sometimes 
fetid  processes  that  may  prove  fatal. 

Pleuritis,  Pleurisy,  or  Inflammation  of  the  Pleura. — Pleuritis 
may  be  either  primary  or  secondary.  As  knowledge  of  the  subject  advances, 
the  number  of  primary  or  idiopathic  cases  diminishes,  and  the  number  of 
secondary  cases  increases. 

Etiology. — Primary  pleuritis  is  nearly  always  infectious,  but  sometimes 
seems  to  depend  upon  exposure  to  cold,  upon  sudden  chilling  of  the  body, 
and  upon  other  hygienic  indiscretions  associated  with  physical  weakness. 
It  sometimes  occurs  as  a  complication  of  Bright's  disease  and  rheumatism, 
either  because  of  the  toxemia  or  infections  that  occur  in  those  diseases. 

Secondary  pleuritis  may  depend  upon  the  invasion  of  the  pleura  by  con- 
tinuity of  tissue  or  by  lymphogenic  or  hematogenic  metastasis.  In  punc- 
tured and  incised  wounds  of  the  chest  bacteria  introduced  by  the  injurious 
agent  may  cause  infection  and  pleuritis.  Abscesses  of  the  chest-wall,  medi- 
astinum, liver,  or  other  contiguous  parts  of  the  body  may  invade  the  pleura, 
either  by  continuity  or  rupture.  Carious  ribs  with  tuberculosis  or  other  infec- 
tions may  also  cause  pleuritis.  Abscesses,  gangrene,  tuberculosis,  actino- 
mycosis, and  pneumonia  all  involve  the  pleura  either  by  continuity  or  by 
lymphogenic  metastasis.      In  septicemia,  pyemia,  typhoid  fever,  influenza, 
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and  other  infectious  processes  hematogenic  metastasis  may  cause  pleuritis ; 
and  in  infectious  diseases  which  do  not  become  generalized,  local  lesions 
may  permit  the  entrarxe  of  bacteria  into  the  circulation,  from  which  they 
may  be  conveyed  to  the  pleura,  causing  pleuritis. 

Toxic  conditions  may  also  lead  to '  pleuritis,  though  at  present  there  is 
little  positive  knowledge  upon  this  subject. 

Bacteriology. — There  is  no  specific  bacterium  of  pleuritis ;  any  irritating 
organism  that  accident  brings  to  the  tissue  may  operate  injuriously  upon  it. 
Thus,  abscesses  of  contiguous  parts  with  secondary  invasion  of  the  pleura  may 
furnish  staphylococci  or  streptococci ;  abscesses  or  inflammations  originating 
in  the  alimentary  apparatus,  the  colon  bacillus ;  external  traumatic  injuries, 
the  pyogenic  cocci,  the  Bacillus  proteus  vulgaris,  Bacillus  pyocyaneus,  etc.  ; 
carious  ribs  and  vertebrae  and  tuberculous  cavities  and  lesions  of  the  lung, 
the  tubercle  bacillus,  together  with  contaminating  organisms  accidentally 
present ;  fetid  processes  in  the  lungs,  a  variety  of  saprophytic  organisms. 

Morbid  Anatomy. — Pleuritis.  may  be  local  or  general.  Local  pleuritis 
occurs  in  traumatic  injuries  and  in  local  lesions  of  the  pleura.  General 
pleuritis  involves  the  whole  membrane  and  probably  indicates  that,  the  gen- 
eral resisting  power  of  the  individual  is  diminished,  or  that  the  virulence  of 
the  infecting  organism  is  exceptionally  great.  The  inflammation  always 
begins  with  hyperemia  characterized  by  a  dulness  and  a  redness  associated 
with  a  slight  roughness,  the  parietal  and  visceral  surfaces  ceasing  to  glide 
over  one  another  as  usual,  and  their  movements  being  accompanied  by 
pain  to  the  patient.  In  a  short  time  flakes  of  fibrin  begin  to  appear  xipoii 
the  surface.  This  fibrin  is  probably  in  part  due  to  an  exudation  from  the 
blood  vessels,  in  part  to  a  fibrinoid  degeneration  of  the  subendothelial  con- 
nective tissue  of  the  pleura,  so  that  some  of  the  fibrin  appears  upon  the  sur- 
face, and  some  is  beneath  the  endothelial  layer,  which  continues  for  a  time 
intact. 

These  changes  occur  in  the  same  manner  whether  the  pleuritis  be  local  or 
general.  The  fibrinous  exudate  serves  to  make  the  pleural  surfaces  adhesive, 
and  in  local  disease  they  agglutinate  at  the  injured  point,  thus  checking  the 
painful  sliding  movement  and  facilitating  repair  by  holding  the  parts  quies- 
cent. 

From  this  point  the  inflammation  may  progress  toward  recovery  or  fur- 
ther exudation  may  occur. 

The  dry  pleurisy  described  is  known  s& pleuritis  sicca;  pleurisy  with  exu- 
dative effusions,  as,  pleuritis  exudativa. 

Exudative  pleurisy  is  usually  general,  not  local.  It  may  be  serous, 
bloody,  or  purulent. 

The  majority  of  cases  are  serous  and  may  terminate  as  such,  or  may  by 
subsequent  changes,  become  purulent.  ' 

In  ordinary //,?z,!/-///j-  exudativa  serosa  the  dulness  and  congestion  of  the 
membrane  characterizing  the  inception  of  the  inflammation  are  in  a  few 
hours  succeeded  by  the  exudation  of  fibrin.  In  a  length  of  time  varying 
frorn  a  few  hours  to  several  days  a  copious  and  rapid  exudation  of  serous 
fluid  occurs,  and  may  be  so  extensive  as  completely  to  fill  the  cavity  and 
rise  to  the  altitude  of  the  clavicle.  The  lung  is  compressed  upward  and 
backward  by  the  fluid.  The  pain  disappears,  but  is  replaced  by  dyspnea, 
ihe  fluid  is  clear  and  straw-colored,  its  specific  gravity  being  about  i  020 
It  contains  3  per  cent,  or  more  of  albumin,  usually  numerous  flocculi  of 
fibrin  held  m  suspension,  and  when  aspirated,  not  infrequently  spontaneously 
coagulates  in  the  bottle. 

Should  the  pleural  cavity  be  opened  and  inspected,  it  is  found  filled  with 
clear  fluid,  except  that  the  lowest  part  also  contained  considerable  gelatinous 
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fibrin  which  has  separated  from  it  by  coagulation.  The  surfaces  of  the  pleura 
appear  dull,  and  show  a  varying  quantity  of  fibrin  adhering  to  them.  Should 
recovery  begin  at  this  point,  restitutio  ad  integrum  is  not  difficult,  as  it  is  a 
simple  matter  for  the  fluid  to  be  absorbed.  The  remaining  fibrin  is,  however, 
a  source  of  trouble,  as  it  remains  long  after  the  absorption  of  the  serum  and 
may  form  a  temporary  support  upon  which  new  connective  tissue  and  vascular 
loops  grow,  forming  adhesions  or  fibrous  unions  between  the  approximated 
surfaces.  How  long  the  surfaces  of  the  pleura,  once  inflamed,  remain  rough- 
ened and  irregular  is  difficult  to  determine,  but  .those  who  have  suffered 
from  pleurisy  can  testify  to  the  fact  that  disagreeable  sensations  in  the  chest, 
depending  upon  the  irregularities  and  adhesions,  remain  for  years. 

The  extent  of  adhesion  varies  considerably.  Sometimes  the  entire 
pleural  cavity  is  obliterated;  sometimes  the  adhesions  form  pockets  here 
and  there ;  sometimes  they  are  only  occasional  and  of  limited  extent.  Ad- 
hesion of  the  pleura  from  local  inflammations  appears  to  be  very  common  : 
fully  80  per  cent,  of  the  autopsies  I  have  held  have  shown  old  fibrous  ad- 
hesions at  the  apices  or  external  surfaces  of  the  lungs. 

When  a  second  attack  of  pleurisy  occurs  in  one  who  has  pleuritic  adhe- 
sions, the  exudation  may  occur  only  in  the  occasional  pockets — loculated  or 
sacculated  pleurisy. 

When  the  infection  of  the  pleura  is  exceptionally  virulent,  the  serous 
effusion  may  change  to  pus,  or  a  pleurisy  may  be  purulent  from  the  begin- 
ning.    Purulent  pleurisy  is  known  as  empyema. 

Empyema. — Thoracic  empyema,  or  purulent  pleurisy,  is  an  infectious 
inflammatory  condition  of  the  pleura  characterized  by  a  purulent  accumula- 
tion in  its  cavity. 

Etiology. — It  is  always  infectious,  but  not  specific,  as  a  variety  of  micro- 
organisms may  cause  it.  It  may  follow  traumatic  injuries  of  the  chest-wall, 
local  disease  of  the  chest-wall  and  lung,  lymph  metastasis,  and  blood  metas- 
tasis. 

Traumatic  Injuries .—^vi  most  cases  it  is  easy  to  explain  empyema  after 
traumatic  injuries  of  the  chest-wall  if  one  finds  an  external  or  pulmonary 
wound  through  which  the  infectious  agent  could  enter.  Such  lesions  are 
evident  in  punctured  and  gunshot  wounds,  compound  fracture  of  the  ribs, 
hypodermic  and  paracentesis  wounds,  etc.  In  some  few  cases,  however,  it 
is  difficult  to  see  how  the  trauma  acts.  This  is  well  illustrated  in  a  case 
mentioned  by  J.  G.  Sutton,'  who  speaks  of  having  "performed  an  autopsy 
upon  the  body  of  a  young  muscular  man  who  died  rapidly  from  suppuration 
of  the  pleura  after  a  blow  on  the  side.     There  were  no  other  lesions. ' ' 

A  traumatic  non-specific  purulent  pleurisy  may  be  experimentally  pro- 
duced by  the  introduction  of  irritating  chemic  substances — oil  of  turpentine, 
etc. — into  the  pleural  cavity.  In  the  traumatic  empyemas  the  cause  of  in- 
fection seems  to  enter  the  chest  from  without,  and  examination  of  the  pus 
in  such  cases  usually  reveals  the  presence  of  staphylococci  and  other  familiar 
micro-organisms. 

In  speaking  of  chest-punctures  as  causes  of  empyema  some  mention 
should  be  made  of  the  exploration  of  the  chest  by  the  hypodermic  needle 
and  the  withdrawal  of  fluid  through  an  aspirating  needle  as  sources  of  infec- 
tion. Griffiths '  in  1 887  carefully  studied  1 5 1  cases  of  aspiration  and  found  that 
in  2  cases  only  did  the  fluid  become  purulent.  One  of  these  was  complicated 
with  tuberculosis,  the  other  with  erysipelas. 

Local  disease  of  the  tissues  contiguous  to  the  pleura  is  a  fruitful  source  of 
empyema.  Bronchopneumonia,  especially  occurring  in  influenza  and  tuber- 
culosis ;  croupous  pneumonia,  tuberculosis,  carcinoma,  gangrene,  cavity  and 

1  Lectures  on  Pathology,  p.  235.  ^  British  Medical  Journal,  1887,  vol.  i.,  p.  831. 
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abscess  formation  of  the  lung  may  lead  to  empyema  under  appropriate  condi- 
tions. 

In  tuberculosis,  which  is  the  most  fruitful  source  of  the  disease  in  adults, 
the  tuberculosis  itself  may  excite  empyema,  the  condition  having  been  ob- 
served in  primary  tuberculosis  of  the  pleura  as  well  as  in  tuberculosis  of  the 
lung,  or  the  disease  may  lead  to  empyema  through  the  escape  of  infectious 
material  from  small  superficial  cavities.  If  these  cavities  rupture,  pneumo- 
thorax usually  results.  In  tuberculosis  it  is  possible  for  empyema  to  depend 
upon  extension  of  the  infection  along  the  lymphatic  channels  from  lung  to 
pleura,  but  this  seems  to  be  quite  rare,  for  in  tuberculous  empyema  the 
tubercle  bacillus  is  commonly  the  only  micro-organism  present,  and  not 
infrequently  careful  search  fails  to  discover  any  organisms  in  the  pus.  The 
tuberculous  empyema  commonly  develops  as  a  serofibrinous  pleurisy  which 
subsequently  becomes  purulent. 

Carious  ribs  and  vertebrae  sometimes  lead  to  empyema,  though  probably 
more  frequently  the  reverse  condition  is  true  and  the  empyema  leads  to  caries 
and  necrosis  of  the  bone. 

Perforation  of  the  diaphragm  and  the  evacuation  of  a  hepatic  abscess  into 
the  pleural  cavity  have  been  known  to  excite  empyema.  Carcinoma  of  the 
esophagus  and  even  of  the  stomach  may,  by  perforation  into  the  pleural 
cavity,  cause  purulent  inflammation. 

The  rupture  of  echinococcus  cysts  and  the.  escape  of  their  contents  into 
the  pleura  may  lead  to  pus-formation. 

Sometimes  mediastinal  abscesses  and  suppurating  or  tuberculous  bronchial 
or  mediastinal  lymphatic  nodes  break  down  and  evacuate  into  one  or  the 
other  pleural  cavity,  with  resulting  empyema.  In  rare  cases  gumma  of  the 
lung,  liver,  pleura,  chest-wall,  or  other  tissue  may,  by  rupture  or  otherwise, 
act  as  exciting  causes  of  purulent  pleurisy. 

As  in  the  traumatic  empyemas,  no  one  specific  micro-organism  covers  all 
these  cases,  and  in  each  particular  condition  the  micro-organisms  present  are 
easily  accounted  for  by  the  primary  condition. 

Lymphatic  metastasis  is  probably  an  important  means  by  which  bacteria 
reach  the  pleura  from  neighboring  but  not  contiguous  tissues.  In  some  cases 
it  may  be  that  primary  inflammatory  diseases  of  the  pericardium  extend  to  the 
pleura  through  the  lymphatics.  It  may  be  by  the  lymphatics  that  the  pleura 
becomes  infected  in  pneumonia.  Sometimes  the  source  of  infection  seems 
to  be  much  more  remote.  Sutton  mentions  the  occurrence  of  pleurisy  in 
middle-ear  disease  by  extension  of  the  inflammation  to  the  cellular  tissue  of 
the  pleura  along  the  sheath  of  the  jugular  vein.  Wounds  of  the  neck  and 
ligations  of  the  great  vessels  of  the  neck  have  been  followed  by  pleurisy  of 
similar  origin. 

In  rare  cases  peritonitis  may  extend  to  the  pleura  by  lymphatic  extension 
through  the  diaphragm. 

Blood  metastasis  is  typically  illustrated  by  pyemia.  The  bacteria  circu- 
lating in  the  blood  may  be  deposited  directly  in  the  pleura  with  the  produc- 
tion of  small  abscesses  which  open  into  the  pleura  and  infect  it,  or  there  may 
be  a  previous  hematogenic  septic  pneumonia  with  miliary  abscesses  and 
escape  of  bacteria  into  the  pleura.  In  some  of  the  infectious  fevers  em- 
pyema occurs  either  as  a  complication  or  as  a  sequel.  This  is  most  frequent 
in  scarlatina,  but  also  occurs  in  typhoid,  measles,  whooping-cough,  and  pneu- 
monia. The  micro-organisms  present  may  or  may  not  be  those  specific  for 
the  respective  diseases. 

In  diseases  characterized  by  diminished  resistance  to  infection,  as  nephritis, 
the  micro-organisms  which  enter  the  blood  and  fail  to  meet  with  prompt  de- 
struction may  accidentally  lodge  in  the  pleura  and  excite  empyema. 
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Bacteriology. — The  bacteria  most  frequently  discovered  in  the  pus  of 
empyema  are  the  streptococcus,  pneumococcus,  tubercle  bacillus,  staphylo- 
cocci, typhoid  bacillus,  influenza  bacillus,  Friedlander's  bacillus,  and  Bacillus 
coli  communis. 

The  micro-organisms  found  in  the  pus  vary  considerably  with  the  time  of 
life  at  which  the  empyema  occurs.  Thus  in  children  the  pneumococcus  is 
most  frequently  met,  while  in  adults  it  is  the  streptococcus.  In  adults  the 
number  of  tuberculous  empyemas  is  nearly  twice  as  great  as  in  children. 
Netter  found  the  following  micro-organisms  in  empyema  : 

Pneumococcus 

Pneumococcus  and  streptococcus 

Saprophytic  organisms 

Staphylococci    .... 
Tubercle  bacillus  .    .    . 
Streptococci    . 

Gonococci,  colon  bacilli,  Friedlander's  bacillus,  typhoid  bacilli,  and  influ- 
enza bacilli  have  been  found  in  empyema  pus.  Osier  says  that  occasionally 
psorosperms  have  been  found.  Spirilla  were  unexpectedly  encountered  in 
one  case,  and  corresponded  with  the  form  frequently  met  with  in  the  mouth. 
They  could  not  be  cultivated.  A  case  of  leptothrix  empyema  in  a  dog  is  on 
record. 

Diphtheria  bacilli  have  been  found  in  empyema  occurring  as  a  sequel  of 
diphtheria,  though  usually  the  streptococcus  would  be  expected  in  these 
cases. 

Putrid  empyema  is  caused  by  the  entrance  into  the  pleural  cavity  of 
saprophytic  bacteria.  The  condition  usually  occurs  in  cancer  of  the  gastro- 
intestinal apparatus,  from  micro-organisms  which  work  their  way  into  the 
mediastinum  and  gradually  invade  the  pleura,  or  from  gangrene  of  the  lung. 
The  pus  is  characterized  by  extreme  fetor. 

The  bacteriologic  flora  is  very  mixed,  many  species,  both  aerobic  and 
anaerobic,  being  present. 

Wiirz  points  out  that  considerable  practical  prognostic  importance 
attaches  to  the  bacteriologic  study  of  the  pus  of  empyema.  Thus  empyema 
in  childhood,  caused  by  the  pneumococcus,  is  quite  benign  and  runs  a  rapid 
course  to  recovery,  while  that  caused  by  the  streptococcus  runs  a  slower 
course  and  is  more  serious.  Tuberculous  pleuritis  is  a  chronic  process 
usually  terminating  fatally  or  lasting  for  years  until  tuberculosis  or  an  inter- 
current affection  carries  off  the  patient  or  he  gradually  succumbs  to  pro- 
longed hectic,  amyloid  disease,  or  asthenia. 

Empyema  is  more  frequent  in  children  than  in  adults.  Mackey  found  that 
40  per  cent,  of  the  pleural  effusions  of  childhood  but  only  5  per  cent,  of 
those  of  adults  were  purulent.  The  disease  may  occur  at  any  age.  Pleuritis 
has  been  found  in  the  fetus  and  in  the  new-born.  The  greatest  number  of 
cases  in  adults  occur  between  the  twentieth  and  fiftieth  years. 

The  affection  is  usually  unilateral,  though  both  sides  may  be  affected. 
The  left  side  is  more  frequently  affected  than  the  right. 

Morbid  Anatomy. — The  pleural  cavity  contains  pus,  the  quantity  varying 
from  a  few  cubic  centimeters  to  several  liters,  and  the  quality  according  to 
the. mode  of  formation  and  duration. 

In  the  cases  which  begin  with  a  serofibrinous  exudate  and  later  develop 
into  empyema  the  formation  of  pus  is  indicated  by  a  clouding  of  the  liquid. 
Later  the  great  increase  in  the  corpuscular  elements  gives  the  exudate  the 
typically  purulent  appearance.  In  these  cases  the  amount  of  exudate  is  usually 
considerable  before  it  becomes  distinctly  purulent. 
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In  the  cases  which  are  purulent  from  the  beginning  pus-formation  may  be 
observed  at  any  stage,  and  the  quantity  of  pus  first  discovered  may  be  very 
small.  In  ordinary  cases  there  is  a  distinct  tendency  for  the  pus  to  separate 
into  layers  through  the  sedimentation  of  the  contained  corpuscles.  This 
leaves  a  fairly  clear  fluid,  with  a  thick,  crumbly  or  flocculent  sediment  below. 
Errors  in  diagnosis  may  be  occasioned  by  this  sedimentation,  as  unless  care 
be  exercised,  an  exploring  needle  may  withdraw  clear  fluid  only. 

The  appearance  of  the  pus  varies  with  different  conditions  and  in  the  dif- 
ferent infections.  The  pus  in  the  pneumococcus  empyema  of  children  is  apt 
to  have  a  greenish  color.  In  the  ordinary  streptococcus  empyema  of  adults 
it  presents  the  appearance  of  laudable  pus.  In  the  tuberculous  cases  it  is 
somewhat  variable,  though  usually  flocculent  and  curdy  and  lacking  in  healthy 
morphologic  constituents. 

The  pus  has  a  specific  gravity  varying  from  1.023  to  i. 01 5.  It  is,  of 
course,  rich  in  albumin  and  contains  glycogen,  paralbumin,  urea,  uric  acid, 
and  cholesterin  (Naunyn).  Sometimes  leucin,  tyrosin,  and  xanthin  are 
present.  In  rare  cases  crystals  similar  to  those  of  spermin  are  present,  and 
are  thought  by  some  to  indicate  that  the  empyema  originates  from  ruptured 
hydatid  cysts. 

The  pus  usually  has  an  acid  reaction,  but  if  infected  by  saprophytic 
micro-organisms,  may  become  alkaline. 

The  progress  of  the  disease  is  frequently  associated  with  changes  in  the 
exudate.  In  individuals  with  good  absorbing  powers,  as  in  children,  it  is 
possible  for  the  entire  exudate  to  be  absorbed.  In  the  greater  number  of 
cases,  and  especially  in  adults,  however,  the  fluid  is  absorbed,  leaving  the 
corpuscular  elements  to  undergo  subsequent  degenerative  changes.  Fatty 
degeneration,  the  formation  of  fatty  acids,  leucin,  tyrosin,  cholesterin,  etc., 
take  place  in  the  corpuscles,  and  the  inspissation  of  the  solid  part  of  the 
exudate  by  the  absorption  of  the  fluid  changes  the  contents  of  the  pleural 
cavity  into  a  cheesy  or  crumbly  mass  of  grayish-yellow  color.  In  the  course 
of  time  lime-salts  usually  precipitate  in  this  mass,  which  then  becomes  dense 
and  gritty. 

Changes  in  the  Pleura.- — In  pneumococcus  empyema  of  children  the 
pleura  may  show  surprisingly  little  alteration,  its  surface  being  smooth  and 
shining  or  slightly  dulled  and  congested.  Upon  microscopic  examination 
the  subendothelial  tissue  of  the  pleura  is  found  infiltrated  with  pus-cells. 

More  completely  in  empyema  the  pleura  participates  in  the  disease  proc- 
ess, and  upon  its  congested  and  thickened  surface  flakes  of  fibrin  and  shreds 
of  degenerating  endothelial  tissue  are  observed.  As  the  empyema  continues 
to  increase  in  size  and  the  pus  to  act  upon  and  macerate  the  tissue,  the 
pleura  may  become  more  and  more  distinctly  covered  with  a  grayish-white 
loose  pseudomembrane.  When  stripped  off,  this  sometimes  leaves  a  shining 
surface,  which  indicates  that  the  endothelium  is  intact,  but  more  frequently 
leaves  a  dull,  eroded  surface,  which  indicates  that  the  endothelium  is  de- 
stroyed. The  nature  of  the  pseudomembrane  is  uncertain.  It  is  thought 
by  most  pathologists  to  originate  from  the  inflammatory  exudate  by  coagu- 
lation upon  the  surface.  By  others  it  is  looked  upon  as  a  product  of  the 
degenerating  endothelium  ;  by  still  others,  who  find  that  the  endothelium  is 
sometimes  elevated  and  covers  the  so-called  fibrin  formation,  as  a  product 
of  subendothelial  connective-tissue  degeneration  of  the  pleura. 

In  many  cases  of  empyema  pleuritic  adhesions  are  observed.  They  pro- 
bably depend  in  a  majority  of  cases  upon  antecedent  troubles.  Their  forma- 
tion usually  begins  at  the  apices  of  the  diseased  lungs,  probably  because  of 
the  quiescence  of  that  part  of  the  pulmonary  tissue  during  respiration,  and 
because  the  accumulating  exudate  separates  the  surfaces  lower  down. 
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The  adhesions  may  be  inconspicuous,  but  frequently  descend  nearly  to 
the  fluid,  which  becomes  circumscribed,  so  as  more  closely  to  resemble  an 
abscess  cavity  than  a  purulent  collection  in  the  pleural  cavity.  The  corrode 
ing  action  of  the  pus  upon  the  pleura  is  quite  evident,  and  from  prolonged 
contact  it  loses  the  endothelial  covering,  becomes  greatly  thickened,  iniil- 
trated  with  pus-cells,  and  forms  a  true  "  pyogenic,  membrane. " 

In  this  thickened  and  altered  pleura  lime-salts  are  deposited  earlier  than 
in  the  inspissated  pus  of  the  cases  terminating  by  absorption,  and  sometimes 
true  bone-formation — pleural  bones — has  been  observed. 

The  pulmonary  pleura  is  even  more  diseased  than  the  costal  pleura,  so 
that  in  chronic  cases  the  lung  becomes  covered  with  a  thick  rind  which  is 
soft,  edematous,  necrotic,  and  lacerable  so  long  as  there  is  fluid  in  the  chest, 
but  which  transforms  into  an  unyielding  callous  rind  when  evacuation  or 
absorption  brings  about  regenerative  changes. 

Changes  in  the  Lung. — It  is  almost  impossible  for  empyema  to  occur 
without  incommoding  the  action  of  the  lung,  and  except  in  the  benign 
pneumococcus  empyema  of  childhood  and  possibly  a  few  of  the  rapid 
streptococcus  empyemas  of  adults,  they  cannot  occur  without  leaving  perma- 
nent changes  in  the  lung.  The  chronic  tuberculous  empyema  is  particularly 
damaging  to  the  pulmonary  tissues. 

The  immediate  effect  of  empyema  is  to  occupy  space,  so  that  complete 
expansion  of  the  lung  becomes  impossible.  As  the  empyema  becomes  larger 
the  expansion  becomes  less  and  less,  until  atelectasis  is  almost  complete  and 
in  exaggerated  cases  the  organ  becomes  inconspicuous  ini  size,  flattened  in 
form,  and  may  later  not  only  be  atelectatic,  but  also  compressed  by  the  in- 
creasing fluid.  The  tissue  is  solid,  airless,  tough,  leathery,  and  grayish  or 
reddish-brown  or  even  blackish  in  color.  When  incised,  it  is  non-crepitant 
and  carnified.  The  bronchial  tubes  may  appear  larger  than  normal  and  may 
contain  mucopus. 

Few  cases  reach  such  a .  stage  of  compression  and  destruction  as  this, 
partly  because  few  empyemas  become  large  enough,  and  partly  because  of 
the  early  formation  of  adhesions  between  the  pulmonary  and  costal  pleurae 
in  the  upper  part  of  the  chest.  If  pus  forms  after  adhesion,  a  loculated  em- 
pyema may  result. 

When  the  chest  cavity  is  opened  in  cases  of  empyema,  the  lung  may  not 
appear  and  the  empyema  may  seem  to  occupy  the  entire  pleural  cavity.  This 
appearance  depends  upon  the  fact  that  adhesions  have  formed  between  the 
lung  and  less  diseased  parts  of  the  pleura,  while  over  the  exposed  pulmo- 
nary and  costal  surfaces  the  macerated,  thickened,  and  infiltrated  pleura  is 
completely  changed  into  a  "pyogenic  membrane." 

In  still  less  marked  cases,  when  adhesions  are  not  extensive  and  the  proc- 
esses less  chronic,  the  surface  of  the  pleura  becomes  infiltrated  and  thickened, 
and  in  the  repair  that  follows  the  thin  edges  of  the  lung  suffer  most. 

In  chronic  empyema  the  macerating  and  corroding  effect  of  the  pus  is 
exerted  in  large  measure  upon  the  pulmonary  pleurae,  which  sometimes  be- 
come so  softened  and  infiltrated  that  the  pus  is  permitted  to  enter  the 
alveolar  structure  of  the  lung  without  actual  perforation  and  be  expec- 
torated. That  this  process  is  one  of  infiltration  and  does  not  depend  upon 
perforation  is  shown  by  the  fact  that  in  these  cases  pneumothorax  does  not 
occur. 

The  absorption  of  the  pus  and  its  entrance  into  the  lymphatic  structure 
of  the  lung  are  followed  by  inflammation  of  its  interstitial  tissue,  so  that 
pleurogenic  pneumonia  usually  occurs.  If  this  process  is  active,  the  dis- 
secting effect  of  suppuration  is  very  marked ;  if  chronic,  the  fibrosis  pre- 
dominates and  the  trabeculae  of  the  lungs  are  thickened. 
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The  recovery  of  empyema  is  followed  by  further  disaster  to  the  pulmon- 
ary tissue  by  the  fibrosis  that  takes  place.  In  mild  cases  of  moderate  dura- 
tion the  thickened  pleura,  by  its  contraction,  rounds  off  the  sharp  inferior 
edges  of  the  lung  and  offers  some  impediment  to  complete  expansion.  In 
bad  cases  the  expansion  is  greatly  or  completely  hindered  by  the  firm  callous 
rind  of  almost  cartilaginous  consistence  which  forms  upon  the  compressed 

In  chronic,  exaggerated  cases,  atelectasis,  carnification,  fibrosis,  and  cal- 
cification all  cooperate  to  make  any  improvement  in  the  condition  of  the 
lung  impossible. 

When  such  cases  recover  or  improve  after  evacuation,  the  lung  is  unable 
to  expand  and  occupy  its  normal  position,  so  the  ribs  fall,  the  side  sinks  in, 
and  a  marked  deformity  of  the  thorax  follows. 

Empyema  with  atelectasis  and  compression  of  one  lung  is  always  accom- 
panied by  vicarious  action  of  the  other,  whose  tissues  are  more  or  less  in- 
flated in  consequence.  In  breathing  exercises  directed  toward  the  expan- 
sion of  the  diseased  lung  it  is  the  sound  lung  that  is  chiefly  influenced,  and 
care  should  be  taken  not  to  have  the  inspiratory  efforts  so  forcible  as  to 
occasion  emphysematous  changes  in  it. 

Changes  in  the  Thorax. — The  formation  and  continuance  of  empyema 
are  accompanied  by  enlargement  of  the  affected  side.  The  diameter  of 
that  side  is  greater  than  that  of  its  fellow,  and  the  intercostal  spaces  bulge. 
The  diaphragm  is  pushed  down,  and  with  it  the  liver  on  the  right  side  or 
the  spleen  on  the  left.  The  heart  is  usually  dislocated  toward  the  opposite 
side,  and  may  embarrass  the  movements  of  the  normal  lung. 

After  evacuation  and  recovery  the  affected  side  of  the  chest  usually  cbl- 
lapses,  the  ribs  sink  in,  the  shoulder  droops,  and  the  spinal  column  makes  a 
scoliotic  twist  toward  the  empyemic  side. 

The  hope  of  improvement  by  gymnastics  will  often  be  defeated  by  the 
further  contraction  of  the  new  fibroid  tissue  in  the  chest,  and  all  hope  of 
causing  the  lung  to  expand  in  exaggerated  chronic  cases  may  as  well  be 
abandoned. 

Effect  upon  the  Respiration. — The  empyema,  with  the  collapse  of  pul- 
monary tissue  which  it  involves,  is  an  important  hindrance  to  respiration, 
so  that  dyspnea  and  insufficient  aeration  of  the  blood  are  usual.  In  ad- 
dition to  the  compromised  breathing-space  on  the  diseased  side,  the  dis- 
location of  the  heart  toward  the  other  side  increases  the  difficulty,  and  from 
the  time  the  empyema  forms,  it  becomes  a  source  of  respiratory  deficiency. 
The  described  subsequent  changes  make  it  impossible  for  this  ever  to  be 
overcome,  and  the  patient  will  remain  a  more  or  less  feeble  breather.  In 
some  cases,  especially  in  children,  the  dyspnea  may  be  so  slight,  however,  as 
to  escape  observation. 

Effect  upon  the  Circulation. — The  dislocation  of  the  heart  by  pressure  of 
the  accumulating  pus  is  noticeable  in  most  cases,  and  the  pressure  often  trans- 
mits the  cardiac  impulse  to  the  purulent  accumulation  and  occasions  pulsating 


The  dislocation  of  the  heart  also  makes  traction  upon  and  may  kink  the 
great  vessels,  especially  at  the  diaphragmatic  orifices,  so  that  the  circu- 
lation in  the  lower  extremities  is  disturbed  and  may  show  itself  in  venous 
congestion. 

General  disturbance  of  the  venous  circulation  is  also  occasioned  by  the 
obstruction  of  circulation  in  the  diseased  lung  and  increased  labor  of  the 
right  side  of  the  heart.  Right-sided  cardiac  hypertrophy  is  not  infrequently 
observed  in  consequence  of  this  increased  labor. 

The  disturbed  pulmonary  circulation,  as  has  been  pointed  out  by  Orth, 
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is  not  infrequently  associated  with  compensatory  venous  collateral  communi- 
cations between  the  pulmonary  vessels  and  those  of  the  thoracic  walls. 

Course  and  Termination. — Contact  with  the  pus  not  only  affects  the 
pleura,  but  seems  to  affect  the  subjacent  tissues  as  well.  We  iind  the  tone 
of  the  muscles  is  lost,  so  that  in  empyema  the  diaphragm  is  more  depressed 
than  in  other  fluid  accumulations  in  the  chest,  and  the  intercostal  muscles 
indicate  loss  of  tone  by  permitting  the  spaces  to  bulge. 

The  erosions  sometimes  progress  so  that  the  subpleural  and  deeper  tissues 
are  destroyed,  and  the  empyema,  like  other  abscesses,  "burrows  "  its  way  to 
the  surface  to  evacuate.  This  form  is  described  as  an  empyema  necessitatis. 
Such  an  empyema  usually  "points,"  and  if  not  surgically  treated,  sponta- 
neously evacuates  its  contents.  By  the  greater  number  of  writers  it  is  said 
that  the  "pointing"  and  evacuation  usually  take  place,  as  was  first  pointed 
out  by  Cruveilhier,  in  the  space  between  the  sternal  end  of  the  lower  costal 
cartilage  and  the  sternal  border,  the  reason  given  for  this  being  that  the 
external  intercostal  muscle  is  absent  and  resistance  diminished.  Eichhorst 
found  that  in  nearly  all  his  cases  the  perforation  of  the  chest-wall  took  place 
in  the  fifth  and  sixth  intercostal  spaces  between  the  mammary  and  axillary 
lines.  Osier  says  the  perforation  of  the  chest-wall  may  occur  anywhere 
from  the  third  to  the  sixth  interspace.  According  to  Marshall,  it  is  usually 
in  the  fifth.  While  distinctive  enough,  the  burrowing  and  pointing  of  an 
empyema  may  become  most  perplexing  by  making  its  appearance  in  unusual 
places.  Eichhorst  mentions  a  case  in  which  the  pus  burrowed  down  behind 
the  peritoneum  and  suggested  a  paranephritic  abscess.  Cases  are  not  lack- 
ing in  which  it  descended  to  Poupart's  ligament  and  simulated  psoas 
abscess.  It  has  been  known  to  reach  the  knee  before  pointing.  Bouveret 
described  a  case  that  pointed  in  the  lumbar  region  and  simulated  a  lumbar 
aneurysm. 

Spontaneous  rupture  is  usually  sudden,  and  a  liter  or  more  of  pus  may 
escape  with  a  gush.  In  some  cases,  however,  the  opening  is  very  small  and 
the  pus  escapes  in  drops. 

The  evacuation  may  take  place  from  a  single  opening  or  there  may  be 
several,  which  may  communicate  beneath  the  skin.  In  a  few  cases  evacua- 
tion is  followed  by  closure  of  the  fistula  and  recovery,  but  the  majority  of 
cases  exhibit  fistulous  communications  with  the  chest,  remaining  for  years. 
Osier  mentions  a  case  given  in  Copeland's  Dictionary  of  Medicine,  of  a 
Bavarian  physician  who  had  a  pleural  fistula  for  thirteen  years  and  enjoyed 
fairly  good  health. 

As  long  as  the  fistula  remains  open  it  continues  to  discharge  pus,  and  the 
drain  upon  the  system  thus  incurred  ultimately  may  lead  to  constitutional 
involvements,  such  as  amyloid  disease,  of  which  complication  the  patients 
may  die  if  not  carried  off  in  advance  by  the  tuberculosis  occasioning  the 
cold  abscess  or  by  intercurrent  affections. 

The  erosions  caused  by  empyema  are  always  exerted  upon  the  external 
tissues,  and  their  movement  and  evacuation  are  not  always  toward  the  outer 
surface  of  the  body.  Sometimes  the  lung  is  eroded  and  a  fistulous  com- 
munication with  a  bronchial  tube  set  up.  This  is  a  dangerous  accident,  as 
the  patient  may  aspirate  pus  into  the  healthy  part  of  the  lung,  and  drown 
in  it.  When  this  does  not  happen,  pneumothorax  is  nearly  always  sure  to 
follow. 

Sometimes  the  perforation  occurs  into  the  esophagus  or  into  the  stomach, 
and  the  pus  is  vomited  or  passed  with  the  feces.  The  pericardium  is  some- 
times perforated.  The  mediastinum  is  not  infrequently  involved,  and  an 
empyema  of  one  side  may  find  its  way  to  the  opposite  side  by  fistulas  through 
the  mediastinum. 


568  DISEASES   OF  THE   RESPIRATORY  SYSTEM. 

The  presence  of  pus  in  the  pleural  cavity  gives  rise  to  more  or  less  well- 
marked  constitutional  symptoms,  such  as  loss  of  appetite,  hectic  fever,  and 
sweats,  and  there  is  always  pain  of  greater  or  less  intensity  in  the  affected 
side.  So  soon  as  the  pus  is  evacuated,  these  symptoms  subside.  If,  how- 
ever, the  iistula  heals  and  pus  reaccumulates,  the  symptoms  again  make  their 
appearance. 

Pneumothorax,  or  air  in  the  cavity  of  the  pleura,  is  the  result  of  acci- 
dents which  almost  invariably  lead  to  empyema,  so  that  it  finds  its  proper 
mention  in  connection  with  it.  The  escape  of  air  into  the  pleural  cavity  is 
most  frequently  dependent  upon  the  rupture  of  the  thinned  wall  of  a  super- 
ficial tuberculous  pulmonary  cavity.  The  air  enters  the  pleural  cavity  during 
inspiration,  when  a  vacuum  is  formed  there  by  the  action  of  the  respiratory 
muscles.  Not  being  inclosed  in  the  elastic  alveolar  tissue  of  the  lung,  how- 
ever, and  not  being  forced  by  the  contracting  air-cells  into  a  series  of  con- 
ducting tubes  facilitating  its  escape,  the  air  remains  in  the  chest  and  acts  as 
a  cushion,  compressing  the  lung  during  expiration.  With  each  inspiration 
more  air  enters  until  the  air-pressure  within  and  without  the  pleural  cavity  is 
equal,  after  which  it  acts  as  a  constant  embarrassment  by  compressing  the  lung 
and  preventing  expansion. 

Pneumothorax  is  not  only  a  serious  accident,  because  of  the  difficulty  in 
breathing  but  also  because  it  usually  adds  an  infection  which  soon  transforms 
it  into  a  pyopneumothorax. 

Etiology. — It  may  result  from  external  perforating  wounds  of  the  chest, 
as  by  foreign  bodies  or  broken  ribs ;  from  accidental  perforations  of  the 
esophagus  or  stomach  into  the  pleura;  rupture  of  the  lung  from  violent 
crushing  of  the  chest ;  and  has  been  known  to  occur  in  consequence  of  the 
invasion  of  the  pleural  cavity  by  gas-producing  bacteria,  such  as  the  Proteus 
vulgaris,  under  which  circumstances  the  pneumothorax  may  develop  without 
any  communication  with  the  external  air. 

Pneumothorax  is  very  rarely  a  collection  of  gas  only ;  nearly  always  a  col- 
lection of  fluid  is  present  in  the  chest,  which,  according  to  its  quality,  causes 
the  conditions  described  as  hydropneumothorax,  hematopneumothorax,  sero- 
pneumothorax, pyopneumothorax,  etc. 

Pyopneumothorax  is  a  condition  in  which  both  air  and  pus  fill  the  chest 
cavity ;  it  adds  to  the  inconveniences  of  the  pneumothorax  the  more  serious 
suppuration.  If,  before  the  development  of  pneumothorax,  extensive  adhe- 
sions between  the  chest  and  lung  shall  have  been  formed  through  previous 
attacks  of  pleuritis,  the  lung  may  be  able  to  continue  respiration  because 
of  the  expansive  traction  of  the  respiratory  movements.  When  complete 
union  of  the  costal  and  pulmonary  pleurae  has  occurred,  pneumothorax  is 
impossible. 

Weil  divides  pneumothorax  into — 

1,  Open  pneumothorax,  in  which  the  air  has  free  entrance  and  exit  through  the  perforation. 

2,  Ventilated  pneumothorax,  in  which  the  opening  is  so  situated  or  so  shaped  as  to  permit 
the  air  to  enter  during  inspiration,  but  not  to  escape  during  expiration.  The  air  ceases  to  enter 
when  the  maximum  pressure  is  attained. 

3,  Closed  pneumothorax,  in  which  the  opening,  having  permitted  air  to  enter  the  pleural 
cavity,  closes  by  actual  healing  or  by  fibrinous  plugging,  and  no  communication  any  longer 
exists. 

In  tuberculosis  with  large  or  superficial  cavities  the  exciting  cause  of  the 
development  of  the  affection  is  usually  some  strain,  as  a  violent  cough,  etc. 

At  the  autopsy  the  chest  is  found  distended,  and  as  the  knife  enters  to 
sever  the  costal  cartilages,  the  air  often  rushes  out  with  an  audible  sound. 
At  times,  instead  of  air,  an  inflammable  gas  may  escape.  The  lung  is  always 
found  to  be  more  or  less  compressed,  according  to  its  condition  (consolidated 
lungs  cannot  be  compressed).     In  most  cases  there  is  serofibrinous,  purulent, 
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or  other  fluid  in  the  chest  cavity,  and  upon  inspection  the  perforation  from 
which  the  air  escapes  can  usually  be  found.  They  are  more  frequently  situ- 
ated in  the  upper  lobe  than  in  the  lower,  probably  because  cavities  are  more 
common  in  the  upper  lobe.  When  in  the  lower  lobe,  they  are  most  common 
posteriorly  at  the  apical  portion. 

Chylothorax  is  a  rare  affection,  of  which  but  few  cases  are  upon  record. 
It  usually  occurs  in  consequence  of  injury  or  disease  of  the  thoracic  duct. 
The  fluid  that  collects  within  the  chest  is  of  milky  appearance,  and  is  said  to 
yield  a  layer  of  creamy  fat  when  allowed  to  stand. 

Tuberculosis  of  the  Pleura. — Primary  tuberculosis  of  the  pleura  is 
rare.  It  usually  occurs  in  the  form  of  clusters  of  rounded,  pearly  masses 
about  the  size  of  a  pea  {pearl  disease).  From  these  the  miliary  tubercles 
may  be  seen .  extending  along  the  lines  of  the  lymphatic  vessels.     Second- 


FlG.  284. — Carcinoma  of  the  pleura.     Pleuritis  carcinomatosa  in  primary  carcinoma  of  the 
stomach.    The  white  nodules  are  lymphogenic  metastatic  tumors  (Bollinger). 

arily  it  results  from  the '  extension  of  tubercular  affections  of  the  ribs  and 
spinal  column  to  the  pleura.  It  may  also  be  of  secondary,  hematogenic, 
metastatic  origin  as  a  part  of  general  miliary  tuberculosis.  It  is  most  com- 
mon as  a  secondary  affection  in  pulmonary  tuberculosis. 

It  may  manifest  itself  only  by  the  eruption  of  a  few  miliary  tubercles 
upon  the  pleural  surface,  with  a  superficial  coating  of  fibrin  ;  or  it  may  appear 
as  a  well-marked  affection  characterized  by  wide-spread  adhesions  between 
the  costal  and  pulmonary  pleurae  ;  or,  further,  it  may  be  of  extreme  severity 
accompanied  by  empyema,  in  which  no  other  micro-organisms  than  the 
tubercle  bacilli  can  be  found.  The  tubercles  that  develop  in  the  course 
of  the  affection  are  without  peculiarities.  They  spread  along  the  lym- 
phatics of  the  pleura.  Occasionally  one  finds  considerable  conglomerations 
of  tubercles  with  or  without  caseation. 

Tumors  of  the  Pleura. — Of  the  primary  tumors,  the  most  common 
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and  the  most  important  is  the  endothelioma.  Fibroma,  sarcoma,  angioma, 
lymphangioma,  lipoma,  and  osteoma  have  been  observed. 

The  secondary  tumors  are  more  frequent  and  occur  in  consequence  of 
metastasis  from  mammary  carcinoma  and  malignant  diseases  of  the  thyroid, 
stomach,  and  esophagus. 

Parasites  of  the  Pleura. — Echinococcus  cysts  are  occasionally  found 
in  the  pleura. 

Diseases  of  the  Mediastinum. — It  is  usual  to  make  a  brief  mention  of  the  mediastinal 
diseases  in  connection  with  the  diseases  of  the  respiratory  system,  because  of  the  anatomic 
relation  of  the  tissues,  and  because  it  so  frequently  happens  that  the  mediastini  suffer  from 
contiguity  and  continuity  in  many  of  the  diseases  of  the  bronchi,  broncl)ial  glands,  and  pleurae. 

Mediastinitis  is  inflammation  of  the  areolar  or  cellular  tissue  of  the  anterior,  median,  or 
posterior  division  of  the  mediastinum.  Like  other  inflammations,  it  may  be  either  acute  or 
chronic.  The  acute  form  is  frequently  suppurative  ;  the  chronic,  productive.  , The  disturbance 
is  usually  traumatic  or  rheumatic,  but  may  depend  upon  pleuritis,  pericarditis,  ostitis,  etc.  ;  or 
may  result  from  the  outward  rupture  of  pyopericardium  or  pyothorax.  A  tuberculous  medias- 
tinitis not  infrequently  succeeds  tuberculosis  of  the  lungs  and  pleTiras.  The  rupture  of  en- 
larged, inflamed,  or  tuberculous  bronchial  lymphatic  glands  also  sometimes  produces  it. 

The  course  of  mediastinitis  does  not  differ,  except  as  its  anatomic  relations  may  affect  it, 
from  inflammations  of  other  cellular  tissues. 

Interstitial  mediastinal  empliysema  is  not  uncommon  in  consequence  of  small  globules 
of  air  traveling  along  the  trabecula  of  the  lung  and  its  root,  in  pulmonary  emphysema,  and  as 
the  result  of  traumatism. 

Tumors  of  the  Mediastinum. — The  most  common  primary  tumor  is  sarcoma,  chiefly 
lymphosarcoma,  which  originates  from  the  lymph-glands  or  cellular  tissue  of  the  part.  In 
Hodgkin's  disease  the  posterior  mediastinum  is  not  infrequently  invaded  by  the  lymphatic 
tumors. 

Osteoma, ^broma,  lipoma,  and  chondroma  have  also  been  seen  in  this  location. 

Carcinoma  is  a  secondary  tumor  of  the  mediastinum.  It  is  usually  of  rapid  development 
and  of  the  medullary  form. 

Dermoid  tumors  are  not  uncommon  in  the  mediastinum.  They  may  develop  from  the 
thymus  gland,  but  are  more  likely  fetal  inclusions. 

Parasites. — The  echinococcus  is  occasionally  encountered  in  the  mediastinum. 


CHAPTER    V. 
DISEASES  OF  THE  SKIN. 

Active  hyperemia  of  the  skin  is  known  as  erythema.  It  is  a  common 
affection,  resulting  from  slight  traumatic  injuries,  burns  of  the  first  degree, 
the  action  of  irritating  substances,  excessive  cold  [erythema  pernio),  com- 
bination of  warmth,  moisture,  and  friction  {erythema  intertrigo),  and  pre- 
cedes inflammation.  It  also  occurs  in  specific  infectious  conditions,  such  as 
scarlatina  and  rubella,  and  in  certain  vasomotor  disturbances. 

Hyperemia  may  be  diffuse  or  circumscribed,  the  latter  often  occurring  in 
small,  rounded  areas  and  known  as  roseola. 

Passive  hyperemia  in  weak  heart  is  characterized  by  a  blueness  of 
the  lips,  fingers,  toes,  and  other  parts,  known  as  cyanosis.  After  death  the 
sedimentation  of  blood  to  the  dependent  parts  of  the  body  is  the  cause  of  a 
postmortem  condition  described  as  livores  mortis. 

Continued  hyperemia  is  accompanied  by  some  edema  and  more  or  less 
desquamation.  Not  infrequently  some  pigmentation  remains  when  the 
hyperemia  has  disappeared,  depending  upon  hemolysis  following  diapedesis. 
Venous  stasis  of  the  veins  of  the  anterior  aspect  of  the  leg — varicose  veins — 
brings  about  a  condition  of  connective-tissue  thickening,  with  loss  of  the 
vital  resistance  of  the  tissues  to  injury,  which  is  apt  to  result  in  what  is 
known  as  ulcus  cruris  or  varicosum.  Slight  injuries  with  infection  lead  to 
large  superficial  sloughs  and  ulcerations — -leg  ulcers. 

Hemorrhage  into  the  tissues  of  the  skin  frequently  occurs  in  traumatic 
lesions  and  in  infectious  exanthematous  diseases,  pernicious  anemia,  purpura, 
scurvy,  intoxications,  etc.  The  blood  usually  extravasates  into  the  corium 
or  into  the  papillary  layer,  and  may  find  its  way  under  the  epithelium  or 
between  its  cells.  Hemorrhages  are  characterized  by  failure  to  disappear 
under  pressure  and  by  a  red  or  purple  color.  They  may  be  divided  into 
traumatic,  idiopathic,  and  symptomatic  forms.  Idiopathic  hemorrhages  are 
usually  spoken  of  as  purpura.  Minute  hemorrhages  are  called  petechice ; 
elongate  stripes  and  branched  linear  hemorrhagic  marks  are  sometimes 
described  as  vibices  ;  large  hemorrhages,  as  ecchymoses.  Sometimes  the  blood 
escapes  in  quantities  sufficient  to  form  distinct  cystic  accumulations,  or 
hematomata. 

Blood  occasionally  enters  the  sweat-glands  and  escapes  with  their  secre- 
tion, causing  hematidrosis. 

Purpura  or  peliosis  rheumatica  is  an  affection  characterized  by  the 
occurrence  of  small,  often  petechial,  subcutaneous  hemorrhages,  chiefly  dis- 
tributed over  the  lower  limbs.  It  usually  occurs  in  rheumatism  and  rheuma- 
toid disorders,  and  is  probably  infectious  in  nature. 

Edema  of  the  skin  is  usually  the  result  of  kidney  disease  or  of  increased 
transudation  from  the  vessels  in  venous  or  lymphatic  stasis.  Edema  may 
be  local  or  general,  the  term  anasarca  being  used  to  describe  the  latter 
condition. 

CBdema  neonatorum  is  frequently  confused  with  sclerema  neonatorum.  It 
is  a  rare  condition  seen  in  children  exposed  to  cold  shortly  after  birth. 

Angioneurotic  edema  is  the  result  of  vasomotor  disturbances  sometimes 
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caused  by  eating  fish,  strawberries,  mushrooms,  etc.  It  seems  to  be  purely 
reflex  and  nervous  in  origin. 

The  angioneurotic  edema  is  chiefly  characterized  by  its  circumscribed  and 
acute  occurrence.  It  is  frequently  associated  with  urticaria,  from  which  it 
is  with  difficulty  differentiated,  especially  in  cases  with  very  large  wheals. 
It  begins  in  the  subcutaneous  tissue,  however,  and  never  follows  external 
irritation. 

Anemia  of  the  skin  is  recognized  chiefly  by  the  extreme  pallor,  induced 
by  the  absence  of  blood.  It  may  be  the  result  of  general  anemia,  or  may 
be  local  and  dependent  upon  the  action  of  vasoconstrictor  nerves,  as  in 
Raynaud's  disease,  or  to  the  action  of  cold,  astringents,  etc. 

In  pernio,  or  exposure  to  cold,  the  skin  becomes  anemic  from  vasocon- 
striction. 

Pigmentation  or  melanoderma  of  the  skin  may  occur  locally  or 
may  be  widely  distributed.  Of  course,  the  amount  of  pigment  contained  in 
the  cells  of  the  Malpighian  layer  of  the  skin  varies  in  the  different  races  and 
in  different  individuals.  Aside  from  this,  however,  we  have  true  pathologic 
conditions. 

Local  Pigmentations. — Nevi  or  moles  are  common  lesions,  sometimes  congenital,  some- 
times acquired.  Some  are  elevated  above  the  surface  of  the  skin  {ntsvi  verrucaci),  while 
others  are  not  [ncsvi  spili).  Inasmuch  as  they  are  pigmented,  they  are  called  navi  pig- 
mentosa They  may  be  as  small  as  a  pin-head  or  large  enough  to  cover  several  square 
feet  of  surface.  The  surface  is  frequently  covered  with  hair  {^ncevi  pilosi).  The  pigment  is 
found  in  the  cells  of  both  the  epidermis  and  the  corium.  Similar  moles  of  a  yellowish  color  are 
called  xanthelasma  of  xanthoma.  Local  pigmentations  of  inflammatory  origin  not  infrequently 
follow  the  application  of  blisters,  mustard-plasters,  actual  cautery,  etc.,  to  the  skin,  and  occur 
after  mild  burns. 

Lentigo,  ephelides,  or  "  freckles  "  are  acquired,  non-elevated,  yellowish  or  brownish  spots 
of  small  size,  which  develop  upon  the  skin  of  fair  individuals  in  consequence  of  exposure  to 
the  sun. 

Chloasma  or  melasma  is  characterized  by  larger,  yellowish,  brownish,  or  blackish  patches, 
of  irregular  size  and  shape,  which  usually  appear  upon  the  face.  They  are  symptomatic, 
depending  upon  biliary,  uterine,  cachectic,  and  other  conditions.  They  are  common  upon  the 
forehead  in  pregnancy  and  sometimes  during  menstruation. 

Melanosis,  Addison's  disease,  or  melasma  suprarenale  is  characterized  by  an  acquired,  uni- 
versal pigmentation  of  the  skin.  The  pigmentation  is  more  marked  upon  the  face  and  hands. 
It  may  cause  only  a  slight  darkening  and  muddy  color,  may  be  a  distinct  bronzing,  or  may  be 
almost  black.     The  distribution  is  often  rather  streaked. 

Icterus  ox  jaundice  is  a  pigmentation  of  the  skin  and  deeper  tissues  by  bile.  It  causes  the 
entire  surface  to  assume  a  yellow-green  or  olive  color.  The  bile  reaches  the  skin  through  the 
blood. 

Argyria  is  a  deposit  of  chlorid  of  silver  in  the  skin  as  the  result  of  prolonged  administra- 
tion of  nitrate  or  other  salts  of  silver. 

Ecchymosis  is  extravasation  of  blood  into  the  superficial  tissues  following  a  contusion  or 
other  injury. 

Tattoo-marks  result  from  the  intentional  introduction  of  insoluble  pigments  into  the  epiderm 
by  needle-pricks.  Various  colors,  chiefly  carmin  and  India  ink,  are  employed,  the  resulting 
effect  usually  being  some  permanent  artistic  design. 

Leukoderma,  or  absence  of  pigment  from  the  skin,  is  seen  in 
its  most  marked  and  most  typical  form  in  the  congenital  and  occasionally 
hereditary  affection  known  as  albinism  (^.  v.")  or  congenital  leukofathia. 
Albinism  is,  as  a  rule,  universal  absence  of  pigment  in  the  skin.  Partial 
albinism  is,  however,  occasionally  observed.  Acquired  leukopathia  is  known 
as  vitiligo.  It  sometimes  occurs  spontaneously,  sometimes  follows  such  in- 
fectious diseases  as  scarlatina,  typhoid,  etc.  It  may  be  endemic.  The  skin 
and  hair  in  the  affected  areas  are  entirely  devoid  of  pigment,  and  appear 
white,  in  marked  contrast  to  the  normally  pigmented  skin.  An  epidemic 
form  of  leukoderma  or  vitiligo  is  sometimes  seen,  and  is  supposed  to  be 
contagious  and  related  to  leprosy.  Leukodeima  is  a  symptom  of  leprosy, 
in  that  the  pigment  of  the  skin  disappears  in  many  cases  from  the  diseased 
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areas,  especially  where  cicatricial   tissue  is  forming, 
areas  is  white  and  often  coarse. 
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Atrophy  of  the  skin  is  observed  in  senility.  The  sltin  becomes  thin,  and  the  papillae  be- 
come short  and  may  disappear.  The  fibrillar  and  elastic  elements  undergo  a  hyaline  degen- 
eration and  disappear,  the  vessels  become  destroyed,  and  pigmentary  deposits  in  the  form  of 
yellowish  granules  in  the  rete  Malpighi  are  observed.  The  horny  layer  of  the  epidermis  is 
scaly,  and  is  separated  from  the  papillary  layer  by  very  few  layers  of  cells.  The  hairs  fall  and 
are  not  replaced  because  of  atrophy  of  the  follicles.  Sometimes  fine  woolly  hairs  are  pro- 
duced before  the  atrophy  pf  the  root  is  sufficiently  advanced  to  prevent  the  growth  of  hairs. 
Sometimes  the  atrophic  follicles  are  obstructed  by  epidermal  accumulations  and  undergo  cystic 
dilatations,  each  little  cyst  containing  a  hair.  The  cyst  is  formed  partly  by  the  hair-follicle, 
partly  by  the  related  sebaceous  glands,  which  latter  often  discharge  their  secretion  into  the 
cyst,  so  that  a  considerable  size  may  be  attained  and  a  "  wen  "  or  '*  atheroma  "  be  formed. 

Atrophic  conditions  of  the  skin  associated  with  exfoliation  of  the  epidermis  in  the  form 
of  fine  scabs  are  spoken  of  as  pityriasis.  Pityriasis  simplex  is  frequent  in  old  age ;  pityriasis 
iaiescentium,  in  tuberculosis  and  other  chronic  marantic  affections. 


Fig.  285. — Vitiligo  or  leukoderma  (Schamberg). 

Atrophic  conditions  of  the  skin  are  also  seen  as  a  result  of  abdominal  distention  in  preg- 
nancy, ascites,  neoplasms,  etc.,  and  in  various  nervous  diseases. 

Neurotrophic  lesions  of  the  skin  in  chronic  diseases  of  the  nervous  system  have  been 
studied  by  Paget  and  S.  Weir  Mitchell.  The  skin  becomes  red,  thin,  shining— flossy  skin. 
The  subcutaneous  tissue  also  wastes,  so  that  the  finger-tips  become  pomted.  The  growth  of 
hair  and  nails  is  retarded,  and  the  nails  become  brittle. 

Secondary  atrophies  of  the  skin  succeed  such  conditions  as  syphilis,  tuberculosis,  chronic 
inflammations,  etc.  Kraurosis  vulvm  is  an  atrophic  disease  of  the  skin  of  the  vulva  with 
marked  loss  of  tissue.  ,  .  jj-ti 

Necrosis  of  the  skin  is  usually  associated  with  diseases  of  the  spinal  cord  and  peripheral 
nerves,  with  loss  of  trophic  innervation  and  the  formation  of  decubitus  or  bed-sores.  Infection 
commonly  changes  the  necrosis  to  gangrene.  ■  ,   j      .   . 

Gangrene  of  the  skin  invariably  accompanies  death  of  the  extremities.  Indeed,  in  senile 
gangrene  and  in  other  forms  as  well  the  gangrene  begins  in  the  skin  and  spreads  to  the  deeper 
tissues.  Gangrene  affecting  the  skin  alone  is  not  infrequent  in  diabetes.  Symmetric  gangrene 
occurs  in  Raynaud's  disease  and  some  of  the  severe  infections. 

A  peculiar  form  of  disease  of  the  skin  and  deeper  tissues  of  the  foot  is  called  malumper- 
forans  pedis  or  perforating  ulcer  of  the  foot,  and  consists  in  the  formation  of  a  rapidly  and 
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deeply  spreading  ulcer  of  the  foot.  The  condition  is  in  all  probability  neurotrophic,  the  lesion 
being  gangrenous  or  necrotic.  In  some  cases  it  may  depend  upon  circulatory  rather  than  upon 
nervous  changes. 

Gangrene  of  the  skin  may  also  follow  the  application  of  s  per  cent,  carbolic  acid  for  even 
a  short  time. 

Hyperplasia,  keratosis  cutis,  or  comification  of  the  skin,  may  be  excessive  and  lead  to 
vario^is  forms  of  hyperplasia. 

Callosities  are  local  thickenings  of  the  epidermis,  usually  observed  upon  the  palms  and 
soles,  where  the  friction  of  working  and  walking  is  received.  Somewhat  similar  congenital 
or  acquired  formations  in  infancy  are  sometimes  described  as  keratodermia. 

Clavus,  or  corn,  is  a  similar  thickening  of  the  epidermis  in  which  only  a  small  area  of  the 
tissue  is  affected.  The  circumscribed  limits  of  a  clavus  permit  it  to  be  pressed  upon  the  sub- 
jacent papillary  tissues,  which  may  atrophy  or  be  stimulated  to  inflame.  Suppuration  some- 
times occurs. 

Cornu  cutaneum,  or  horn,  is  sometimes  formed  upon  the  skin,  and  may  attain  considerable 
dimensions.  They  may  develop  from  normal  skin  or  from  cicatrices  or  atheromata.  Horns 
also  grow  from  the  matrices  of  the  nails,  especially  those  of  the  great  toes. 

Verruca,  or  warts,  are  true  papiUomata  of  the  skin.  The  condyloma  acuminatum  is  an  in- 
flammatory formation  usually  observed  upon  the  genital  organs  and  about  the  anus.  It 
depends  upon  the  irritation  of  gonorrheal  and  other  inflammatory  discharges,  or  upon  the 
decomposition  of  smegma.  The  growth  consists  of  a  considerable  enlargement  of  the  papillae 
of  the  skin,  which  often  branch  or  divide  and  are  covered  with  a  thickened  epithelial  layer. 
The  warts  are  usually  irregular  in  shape,  according  to  the  number,  size,  and  shape  of  the 
papillae.  The  papillae  are  well  supplied  with  blood  vessels,  and  are  infiltrated  with  round- 
cells.  There  may  be  more  or  less  well-marked  lymphangitis  in  the  neighborhood  of  the  warts, 
which  are  usually  multiple,  irregular  in  size  and  shape,  soft,  of  a  reddish  color,  and  somewhat 
translucent. 

Keratosis  foUicularis,  Darier's  disease,  or  psorospermosis 
foUicularis  is  a  rare  disease  of  the  skin  usually  observed  in  childhood. 
The  cause  is  not  known.  It  is  characterized  by  a  primary  hyperkeratosis 
and  parakeratosis  involving  the  sebaceous  and  hair-follicles.  The  mouths 
of  the  follicles  are  dilated  and  packed  with  funnel-shaped  masses  of  imper- 
fectly cornified  cells.  The  characteristic  changes  occur  in  the  rete,  which 
contain  round  bodies  bearing  a  strong  resemblance  to  parasites,  and  hence 
caWed  J>sorosperms.  They  are  now  supposed  to  be  forms  of  cellular  degen- 
eration. There  are  also  numerous  compressed,  homogeneous,  shrunken 
bodies,  best  seen  at  the  bottom  of  the  follicle  plugs,  called  by  Darier  "grains," 
and  fissures  or  lacunse  between  the  rete  cells,  resulting  from  the  pressure  of 
the  horny  grains.  The  rete  proliferates  and  thickens,  and  in  places  grows 
deeply  into  the  corium,  producing  papuliferous  areas.  The  stratum  granu- 
losum  is  absent  from  the  lesions. 

Elephantiasis  Arabum  is  a  most  interesting  affection,  characterized  by 
hyperplasia  of  the  subcutaneous  cellular  tissue,  which  sometimes  results  in 
extreme  deformity.  The  disease  usually  appears  in  the  lower  extremities  or 
in  the  external  genital  organs.  Elephantiasis  of  the  leg  is  sometimes  called 
"Barbadoes  leg."  The  disease  is  of  frequent  occurrence  in  certain  tropic 
and  semitropic  countries,  especially  Barbadoes,  Arabia,  Egypt,  India,  the 
Malayan  Islands,  and  Central  America.  Sporadic  cases  occur  in  Europe 
and  America.  The  darker  races  are  more  predisposed  to  it  than  is  the  Cau- 
casian. 

Manson  has  shown  the  disease  to  depend  upon  the  Filaria  sanguinis  homi- 
nis.  The  disease  begins  as  a  febrile  affection,  sometimes  as  an  afebrile  hy- 
perplasia of  the  connective  tissues.  Sometimes  it  seems  to  follow  eczema 
and  other  chronic  or  frequently  recurring  skin  inflammations. 

The  affected  part  assumes  an  enormous  size,  the  leg  sometimes  becoming 
■nearly  as  great  in  girth  as  the  body  ;  the  scrotiim  has  been  observed  to  weigh 
as  much  as  loo  pounds.  The  surface  of  the  skin  may  be  smooth,  but  upon 
the  limbs  is  usually  thrown  into  folds.  The  skin  has  a  puffy,  velvety  appear- 
ance and  is  pale  in  color.  The  tissues  may  be  soft  and  flabby  when  touched 
{elephantiasis  mollis^,  or  firm,  hard,  and  white  (elephantiasis  dura). 

Microscopically,  the  tissue  beneath  the  skin  is  found  to  be  enormously 
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thickened  and  to  consist  of  bundles  of  coarse  fibers  more  regularly  arranged 
than  the  normal  areolar  tissue.  The  blood  vessels  are  dilated,  and  their 
walls  thickened.  The  skin  is  usually  thickened ;  it  may  be  smooth  or  the 
surface  may  be  marked  by  verrucosities  or  projections.  When  the  epidermis 
is  thickened  and  formed  into  coherent  plates  or  scales,  the  affection  is  called 
acquired  ichthyosis  or  keratosis. 

Scleroderma  is  a  form  of  induration  of  the  skin  caused  by  hyperplasia 
of  the  connective  tissue  and  elastic  fibers,  and  of  the  muscle-fibers  of  the 
corium.  It  is  accompanied  by  narrowing  of  the  lymph-spaces  and  lymph- 
vessels,  with  some  cellular  proliferation  about  the  sweat-ducts,  hair-follicles, 
and  sebaceous  glands,  and  in  the  adipose  tissue.  The  upper  layers  of  the 
corium  may  become  so  adherent  to  the  fascia  and  periosteum,  and  the  hyper- 
plastic tissues  may  be  so  dense  and  hard  that  the  hair-follicles,  sebaceous 
glands,  and  sweat-glands  may  atrophy.  There  are  no  changes  in  the  epi- 
dermis. 

The  disease  may  be  diffuse  (sclerema^)  or  circumscribed  (morphea').  It  is 
more  frequent  in  women  than  in  men,  and  usually  occurs  in  neurotic  indi- 
viduals or  in  those  with  some  disease  of  the  nervous  system. 

The  etiology  of  the  affection  is  obscure.  In  some  cases  it  is  associated 
with  changes  in  the  thyroid  gland.  Sometimes  it  has  succeeded  repeated 
attacks  of  erysipelas  and  rheumatism.  It  has  also  been  observed  subsequent 
to  exposure. 

Sclerema  Neonatorum. — This  is  a  rare,  usually  fatal  disease  of  the  skin 
occurring  in  new-born  infants  and  bearing  some  resemblance  to  scleroderma. 
It  is  chiefly  seen  in  premature  children  or  in  those  suffering  from  marasmus 
or  other  depressing  conditions.  Various  explanations  for  the  apparent  "  dry- 
ing-up  "  of  the  skin  are  given.  Some  regard  the  process  as  infectious; 
Langer  thinks  it  depends  upon  solidification  of  the  fats. 

Hypertrophy  of  the  Skin. — Ichthyosis  is  a  peculiar  hypertrophic 
condition  of  the  skin  resulting  from  a  remarkable  tendency  for  the  epithe- 
lial cells  to  transform  themselves  into  the  horny  epidermis  (keratosis).  The 
disease  may  be  congenital  or  acquired,  and  is  usually  general,  though  some- 
times local. 

All  grades  or  degrees  of  the  keratosis  and  hypertrophy  present  themselves, 
the  mildest  grade  being  known  as  xerosis  or  xeroderma,  and  consisting  of 
little  more  than  the  minute,  papule-like  elevations  about  the  hair-follicles 
caused  by  their  mouths  being  filled  with  horny  plugs,  as  seen  in  keratosis 
pilaris.  The  severest  form  consists  in  the  immense  thickening  seen  in  ichthy- 
osis sauroderma,  or  "crocodile  skin." 

Congenital  ichthyosis  is  characterized  by  a  markedly  thickened,  horny 
skin,  sometimes  folded  and  frequently  interrupted  by  cracks  or  fissures  of 
the  superficial  layers,  so  dividing  it  as  to  resemble  alligator  skin  in  very  bad 
cases,  and  in  mild  cases  to  give  the  appearance  of  fish-scales.  The  hands 
and  feet  may  be  covered  with  dense,  horny  layers  that  interfere  with  proper 
development. 

In  the  horny  epidermis  the  lanugo  hairs  are  caught  and  retained.  The 
lower  layers  of  the  skin  are  usually  atrophic,  while  the  cells  transform 
directly  into  horny  cells  without  the  intermediation  of  the  granular  layer. 
The  pathologic  changes  are  essentially  hyperplasia  and  cornification  of  the 
epithelium. 

Acquired  ichthyosis  usually  begins  with  the  occurrence  of  yellowish  or 
brownish  pigmented  areas  over  which  the  horny  layer  of  the  epidermis 
thickens  and  becomes  dry  and  shining.  As  the  disease  spreads,  fissures  and 
cracks  occur,  dividing  the  thickened  epidermis  into  scales  or  plates. 

The  local  forms  of  ichthyosis  are  characterized  by  thickening  of  the 
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horny  layers  of  the  skin — keratoma  or  ichthyotic  warts.     The  cause  of  the 
affection  is  entirely  unknown. 

INFLAMMATIONS  OF  THE  SKIN. 

Inilammation  of  the  skin  arises  from  many  different  causes  and  presents  a 
great  variety  of  appearances.  Certain  terms  are  used  in  describing  the  skin 
lesions  that  must  be  defined  before  they  can  be  properly  understood.  Of 
these,  the  following  are  important : 

Macule,  or  "  spot,"  is  any  circumscribed,  non-elevated,  colored  or  discolored  area  upon  the 
skin.  Macules  may  be  white  when  the  normal  pigment  is  absent,  or  may  be  brown  or  yellow- 
ish when  an  abnormal  intensification  of  pigment  occurs ;  they  are  pink,  red  purple,  or  blue 
when  dependent  upon  hyperemia  or  hemorrhage  of  the  skin.  Old  hemorrhagic  spots  may 
become  greenish-yellow  or  yellow  as  the  blood-pigment  is  absorbed.  The  red  macules,  when 
not  large,  are  commonly  spoken  of  as  roseola. 

ErytheTfia  is  a  diffuse  redness  extending  over  a  considerable  area  of  the  skin.  The  color 
of  an  erythematous  patch  is  nearly  scarlet,  thus  differing  very  much  from  lividiiy  or  cyanosis, 
in  which  the  color  is  bluish  or  ashen. 

Papules  are  small,  flattened,  hemispheric  or  conic,  solid  elevations  of  the  skin.  They  usu- 
ally are  about  the  size  of  a  millet-seed  or  a  pea,  and  are  formed  by  a  leukocytic  infiltration 
of  the  skin  occurring  in  the  epithelial  and  papillary  layers  or  sometimes  in  the  corium. 

Nodes  or  tubercles  are  larger  prominences  approaching  a  hazelnut  in  size.  Very  large 
nodes,  as  large  as  a  walnut,  are  sometimes  described  as  fhyma. 

Wheals  are  flat,  tabular  elevations,  distinctly  circumscribed,  of  rapid  formation  and  dis- 
appearance, and  probably  dependent  upon  hyperemia  and  serous  infiltration  of  the  skin. 

Vesicles  are  small  prominences  containing  fluid.  They  have  thin,  transparent  envelops 
composed  of  a  few  layers  of  the  epidermis,  and  contain  clear,  serous  fluid ;  or  in  less  usual 
cases  slightly  bloody  or  slightly  purulent  fluid.  Large  fluid  collections  are  usually  formed  by 
the  union  of  vesicles,  although  they  sometimes  form  independently  and  are  known  as  bullee. 

Pustules  are  similar  lesions  which  contain  pus  instead  of  serum.     They  are  usually  of  a 
yellowish-white  color,  and  are  about  the  size  of  a  millet-seed.     Achor  is  a  larger  purulent  col-  , 
lection,  not  usually  very  prominent,  and  perforated  by  a  hair.      Large  pustules  are  called 
ecthyma. 

Excoriations  and  erosions  are  lesions  caused  by  loss  of  surface  epithehum,  by  which  an 
oozing  of  lymph  and  occasional  injuries  to  the  blood  capillaries  occur. 

Ulcers  are  deeper  destructive  lesions  than  can  be  included  under  excoriations. 

Fissures  or  rhagades  are  cracks  in  the  tissue  which  may  affect  the  epidermis  only,  or  may 
descend  through  the  entire  thickness  of  the  skin. 

Crusts  are   dried  masses  of  exudates  and  secretions  collecting  upon  the  surface. 

Scales  are  masses  of  horny  epithelial  cells  accumulated  upon  the  upper  layers  of  the  skin. 

Traumatic  inflammation  of  the  skin  usually  results  from  the  action 
of  extremes  of  heat  and  cold  or  from  chemic  agents.  The  result  of  the 
operation  of  the  different  causes  is  similar :  thus  in  regard  to  burns  it  is 
possible  to  recognize  certain  degrees  of  damage  done. 

Burns  of  the  first  degree  axe  characterized  by  erythema  and  swelling  of  the  skin;  bums  of 
the  second  degree,  by  vesication  and  bulla  formation  ;  burns  of  the  third  degree,  by  destruction 
of  all  the  layers  of  the  skin  and  ulceration.  Burns  from  carbolic  acid  and  other  caustic  sub- 
stances can  frequently  be  similarly  characterized.  Chemic  substances  not  infrequently  modify 
the  appearances  by  color  or  other  characteristics  peculiar  to  themselves  ;  thus,  burns  from 
nitrate  of  silver  become  black ;  those  from  carbolic  acid,  white ;  and  those  from  nitric  acid, 
yellow. 

Dermatitis  venenata  follows  direct  chemic  or  toxic  irritation  of  the  skin,  and  results  from 
contact  with  numerous  substances,  such  as  poison-ivy,  mustard,  croton  oil,  and  cantharides. 

The  use  of  bromin  and  iodin  for  medicaments  may  cause  acneform  inflammations  of  th6 
skin,  while  belladonna,  quinin,  antipyrin,  and  some  other  drugs  produce  characteristic  derma- 
titis medicamentosa. 

Idiopathic  Inflammations  of  the  Skin.— Eczema. — Eczema  is  prob- 
ably the  most  frequent  and  most  varied  inflammatory  disease  of  the  skin.  It  is 
an  inflammatory  affection  of  all  the  layers,  characterized  by  multiform  lesions, 
most  frequently  observed  upon  the  face,  hands,  feet,  and  genital  organs.  Its 
appearance  is  more  varied  than  that  of  any  other  disease.  At  times  it  is 
characterized  by  diffuse  redness — eczema  rubrum  or  erythematosum  ;  at  times 
by  the  formation  of  papules — eczema  papulomm.     If  desquamation  occurs, 
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it  may  be  called  eczema  squamosum.  The  formation  of  vesicles — eczema  vesi- 
culosum — is  not  at  all  infrequent,  while  the  formation  of  pustules,  probably 
from  infections  from  the  superficial  layers  of  the  skin,  leads  to  the  formation 
of  eczema  pustulosum.  The  lesions  are  dry  or  moist,  according  to  the  forma- 
tion of  vesicles  and  papules  which  rupture  and  discharge  upon  the  surface. 
Very  moist  forms  are  sometimes  called  eczema  madidans,  and  when  the  exu- 
date dries  upon  the  surface  with  the  formation  of  considerable  crusting, 
eczema  crustosum  occurs.  From  fissures  and  erosions  of  the  skin  some  blood 
may  escape  and  mix  with  the  secretions. 

Various  secondary  results  of  eczema  occur,  among  which  may  be  men- 
tioned the  formation  of  an  excessive  amount  of  epidermis,  so  that  the  skin 
becomes  unduly  horny.  This  condition  has  been  described  by  Unna  as 
parakeratosis.  Rapid  desquamation  of  the  epidermis  characterizes  eczema 
squamosum. 

The  disease  may  be  acute  or  chronic,  the  chronic  form  being  more  usually 
dry,  and  characterized  by  thickening  of  the  corium  and  fibrosis  of  the  sub- 
cutaneous tissue  and  deposits  of  pigment  in  the  diseased  areas.  The  acute 
form  is  subject  to  frequent  relapses,  and  is  apt  to  leave  behind  it  a  thickened, 
sometimes  pigmented  skin. 

The  histologic  changes  characteristic  of  eczema  consist  of  inflammation 
of  the  corium,  with  consequent  changes  in  the  epithelium.  There  is  always 
more  or  less  hyperemia,  with  transudation  of  serum  and  infiltration  of  round- 
cells.  The  lymphatics  are  turgescent,  and  the  cells  of  the  corium  pro- 
liferate. In  mild  cases  only  the  papillae  and  upper  layers  of  the  corium  are 
involved,  while  in  severe  cases  the  inflammation  may  descend  into  the  subcu- 
taneous tissues,  causing  the  lesions  to  resemble  erysipelas.  From  collection  of 
the  inflammatory  exudate  and  maceration  of  the  cells  vesicles  and  bullae  may 
form  between  the  rete  and  granular  or  horny  layers  of  the  epidermis.  Vesi- 
cles also  occur  in  consequence  of  colliquative  degeneration  of  the  cells. 
The  exudate  from  eczematous  patches  has  a  gummy  character. 

Associated  with  the  active  inflammatory  processes  one  may  also  observe 
abnormalities  in  the  cellular  transformations,  such  as  hypokeratosis,  hyper- 
keratosis, excessive  or  deficient  desquamation,  etc. 

Eczema  foUiculontm  is  not  a  true  inflammation,  and,  therefore,  not  an  eczema. 

Eczema  seborrhaicum  occurs  upon  the  scalp,  especially  of  those  who  wear  coverings  all  the 
time.  In  its  mild  form  this  affection  has  also  been  called  pityriasis  capitis.  The  derm  usually 
shows  mild  inflammation  with  vacuolation  of  the  rete,  mitosis,  and  invasion  by  wandering  cells. 
Severe  grades  more  closely  resemble  ordinary  eczema. 

Dermatitis  repeiis  is  a  rare  form  of  spreading  inflammation  of  the  skin  starting  from  an 
injury.     It  is  undoubtedly  infectious. 

Neurotic  Inflammations  of  the  Skin. — Of  these,  some  have  been 
mentioned,  and  do  not  require  further  description ;  for  example,  the 
decubitus  of  spinal  disease,  the  malum  perf or ans  pedis,  the  necrotic  and  gan- 
grenous lesions  of  Raynaud's  disease.  One  of  the  peculiar  dermal  neuro- 
pathies is  that  known  as  herpes  zoster,  or  "shingles,"  in  which  there  is  an 
acute  formation  of  vesicles  over  the  distribution  of  a  nerve.  The  disease  is 
unilateral,  as  a  rule,  and  most  commonly  affects  the  skin  of  the  thorax. 
The  vesicles  contain  clear  fluid,  which  in  the  course  of  three  or  four  days 
becomes  turbid  and  subsequently  purulent  and  dry,  with  the  formation  of 
crusts.  A  theory  recently  suggested  by  Pfeiffer  and  Wasielewski  is  that  the 
disease  occurs  in  the  distribution  of  a  vessel,  not  a  nerve,  the  capillaries 
being  blocked  by  micro-organisms.  In  rare  cases  the  herpes  vesicles  contain 
bloody  fluid — herpes  zoster  hcemorrhagica. 

The  histologic  changes  in  herpes  zoster  begin  in  the  rete  cells,  which 
undergo  rapid  proliferation,  some  of  them  increasing  greatly  in  size.     Cavi- 
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ties  are  formed  containing  portions  of  the  degenerated  cells.     Hartzell  and 
others  have  described  protozoa-like  bodies  in  the  cells. 

The  so-called  glossy  skin  is  looked  upon  by  many  as  a  chronic  form  of 
dermatitis.  .  . 

Infectious  dermatitis,  as  opposed  to  exanthematous  dermatitis,  to  be 
described  later,  is  a  term  including  forms  of  inflammation  limited  to  the 
skin  and  its  subjacent  tissue  and  not  those  that  are  accidental  consequences 
of  a  general  systemic  infectious  disease. 

Herpes  simplex  {herpes  facialis ;  herpes  labialis ;  herpes  progenitalis)  is 
not  infrequent,  certain  persons  being  apparently  predisposed  to  it.  The 
cause  of  herpes  is  not  known.  It  may  be  infectious,  but  experience  shows 
that  it  accompanies  indigestion,  cold,  etc.  It  is  particularly  common  in 
pneumonia.    Progenital  herpes  may  be  due  to  lack  of  personal  cleanliness,  etc. 

Simple  dermal  abscesses  are  not  infrequent  in  consequence  of  spontane- 
ous infection  of  the  sweat,  sebaceous  glands,  and  hair-follicles,  punctures  and 
lacerations  of  the  skin  from  accidental  injuries  and  surgical  sutures,  etc. 
When  in  connection  with  hair-follicles,  these  little  abscesses  are  often  spoken 
of  as  sycosis.  The  lesion  is  an  abscess,  the  cocci  or  other  micro-organisms 
causing  the  trouble  being,  as  a  rule,  readily  demonstrable  in  the  pus. 

The  etiologic  elements— namely,  the  cocci— are  probably  usually  derived 
from  the  skin  itself,  where  they  normally  abound,  though  they  may  be  carried 
in  by  needles,  splinters,  etc.,  from  other  sources. 

Furuncles  or  boils  are  more  extended  suppurative  lesions  caused  by  a 
wider  distribution  of  the  cocci  and  the  invasion  of  more  tissue,  the  invasion 
beginning  in  a  hair-follicle  and  its  sebaceous  glands.  The  lesion  is  usually 
of  a  purple  color,  projects  from  the  surface,  is  the  size  of  a  pea,  hazelnut, 
or  walnut,  and  is  very  painful.  In  the  process  of  suppuration  the  colliquation 
necrosis  of  the  tissue  leads  to  the  formation  of  a  central  slough,  which,  when 
separated,  forms  the  "core"  of  the  boil.  The  lesion  heals  by  evacuation 
and  cicatrization. 

Boils  usually  occur  in  young  persons  at  situations  where  the  skin  is  irri- 
tated or  abraded  by  clothing,  etc.  The  infection  depends  chiefly  upon  the; 
Staphylococci  albus  and  aureus. 

Carbuncles  (^benign  anthrax)  are  larger  suppurative  lesions  of  the  skin, 
frequently  situated  upon  the  back  of  the  neck,  and  occurring  in  persons 
beyond  middle  life.  Diabetes  and  other  systemic  and  constitutional 
depravities  markedly  predispose.  The  carbuncle  is  usually  a  large  lesion, 
3  to  8  cm.  in  diameter,  which  may  be  compared  to  an  aggregation  of 
small  boils.  It  is  elevated,  purplish,  firm,  and  very  painful,  and  is  fre- 
quently surrounded  by  an  edematous  zone.  Carbuncle  differs  from  furuncle 
in  that  the  inflammation  spreads  in  the  subcutaneous  tissue  and  from  it  ex- 
tends upward  along  the  fat  columns,  producing  new  foci  of  suppuration  and 
necrosis  of  the  overlying  skin,  by  which  numerous  exits  for  the  inflamma- 
tory products  are  formed.  In  the  course  of  several  days  suppuration  occurs 
at  many  points,  and  evacuation  occurs  through  a  number  of  superficial  open- 
ings, so  that  the  appearance  was  described  by  the  older  surgeons  as  similar  to 
a  "  pepper-box." 

The  disease  is  apt  to  cause  profound  systemic  intoxication,  and  is  not 
rarely  fatal.  Its  cause  is  not  accurately  determined.  Bacteriologic  exami- 
nation usually  shows  the  presence  of  streptococci  and  staphylococci. 

Erysipelas  is  an  acute  inflammatory  disease  of  the  skin  depending  upon 
streptococcus  infection.  It  may  occur  spontaneously,  probably  from  inocu- 
lation of  the  micro-organism  into  minute,  perhaps  invisible,  lesions  of  the 
skin  in  the  neighborhood  of  the  nose  and  mouth,  or  from  the  inoculation  of 
wounds.     The  spontaneous  form  usually  selects  the  face,  and  hence  is  often 
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described  as  facial  erysipelas.  Whether  spontaneous  or  traumatic,  the  disease 
is  characterized  by  a  rapid  invasion  and  the  formation  of  a  flat,  tabular  ele- 
vation of  a  peculiar  rosy- red  or  "erysipelatous ' '  color,  with  a  shining  surface 
and  a  sharp  demarcation  from  the  surrounding  tissue.  The  inflamed  tissue 
is  edematous,  readily  pitting  upon  pressure.  Its  surface  is  often  occupied  by 
vesicles,  and  the  contents  of  the  vesicles  often  become  clouded  and  form 
pustules.  There  are  much  fever  and  profound  systemic  depression.  There  is 
rarely  much  pus-formation,  and  microscopic  examination  of  the  tissue  shows 
the  chief  field  of  operation  to  be  the  lymphatic  channels  in  which  the  strep- 
tococci multiply  and  spread.  There  is  some  round-cell  infiltration.  The 
disease  recovers  by  absorption  of  the  exudates,  and  it  is  unusual  to  have  any 
extensive  tissue  destruction,  though  gangrene  sometimes  occurs. 

Dermatitis  Herpetiformis  or  Duhring's  Disease  {Hydroa  Herpetiformis ; 
Dermatitis  Multiformis ;  Herpes  Gestationes  ;  Pemphigus  Pruriginosus,  etc.'). 
— This  is  a  peculiar  disease,  which  Duhring  classifies  as  midway  between 
erythema  multiforme  and  pemphigus.  It  consists  of  an  acute  inflammation 
of  the  papillary  layer  of  the  skin,  the  epidermis  and  deeper  layers  being 
scarcely  affected.  Edema  is  always  present  and  often  excessive,  the  papillae 
are  invaded  by  polymorphonuclear  leukocytes  and  occasional  erythrocytes, 
and  often  many  eosinophilic  cells  are  present.  Vesicles  form  between  the 
derm  and  rete.  There  is  a  slight  perivascular  cellular  invasion  of  the  cutis. 
The  exudate  is  fibrinous,  and  at  times  the  contents  of  the  vesicles  cloud  and 
become  slightly  purulent. 

The  etiology  of  the  disease  is  not  understood.  It  occurs  during  preg- 
nancy and  in  various  conditions  of  depraved  vitality,  such  as  accompany 
renal  and  other  organic  affections.  It  is  also  sometimes  observed  in  nervous 
debility. 

Impetigo  Iierpetiformis  is  also  a  very  rare  and  usually  fatal  affection, 
characterized  by  superficial  pustules  which  appear  to  be  metastatic  abscesses 
of  the  skin.  A  few  writers  consider  the  lesion  to  be  the  result  of  a  neu- 
rosis. 

Pemphigus  is  a  disease  of  unknown  etiology,  characterized  by  the  for- 
mation of  large  vesicles  upon  the  skin.  The  vesicles  vary  in  size  from  a  pea 
to  a  goose-egg.  The  contents  are  at  first  clear,  later  becoming  clouded  and 
finally  purulent.  Eventually  they  coagulate  or  evacuate,  crusts  forming  and 
the  lesions  healing,  either  readily  and  perfectly,  or  so  slowly  and  imperfectly 
that  the  convalescence  is  delayed  for  months  or  years.  The  disease  may 
be  fatal.  The  acute  contagious  pemphigus  of  the  new-born  and  some  of 
the  pemphigoid  affections  of  the  tropics  are  probably  different  affections  of 
microbic  origin. 

Pemphigus  is  divided  into  acute  pemphigus  or  dermatitis  bullosa  and 
chronic  pemphigus.  The  acute  form  usually  lasts  one  or  two  weeks  and  re- 
covers readily,  being  closely  related  to  the  acute  infectious  diseases  in  its 
course.  The  chronic  form  is  divided  into  the  common  {pemphigus  vulgaris'), 
exfoliative  (^pemphigus  exfoliativa'),  and  vegetative  (^pemphigus  vegetans) 
forms. 

1.  Pemphiffus  chronicus  vulgaris  resembles  the  acute  form,  but  is  of  longer  duration. 

2.  Pemphigus  chronicus  foliaceus  is  a  form  in  wliich,  without  the  previous  formation  of 
blebs,  there  are  local  loosenings  and  exfoliations  of  epidermis,  leaving  moist  surfaces  which 
become  covered  with  crusts  and  slowly  heal.  This  form  lasts  for  months  and  years  and  maybe 
fatal. 

3.  Pemphigus  chronicus  vegetans  is  a  form  in  which  the  lesion  is  situated  upon  the  tender 
skin  of  the  genitals,  groins,  axillae,  or  in  the  mouth,  vagina,  pharynx,  larynx,  etc.,  and  is  char- 
acterized by  the  occurrence  of  the  bleb,  the  separation  of  its  epithelial  covering,  and  the  sub- 
sequent formation  of  warty  and  papillary  outgrowths  from  the  denuded  surface. 

When  the  lesions  of  pemphigus  are  studied  microscopically,  it  is  found 
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that  the  entire  epidermis  is  affected  and  is  elevated  from  the  cutis,  which  is 
secondarily  degenerated,  exhibiting  coUiquation  of  the  cells  and  degenera- 
tion of  both  collagenous  and  elastic  tissues.  Later,  in  the  stage  of  cloudy 
exudate,  it  is  found  that  leukocytic  infiltration  has  occurred.  The  fluid  of 
the  blebs  is  in  part  the  result  of  coUiquation  of  the  cells,  in  part  of  inflani- 
matory  exudation.  In  the  form  known  as  pemphigus  hmmorrhagicus  it  is 
stained  by  blood. 

The  cause  of  pemphigus  is  still  uncertain,  though  various  observers  have 
claimed  the  discovery  of  micro-organisms  specific  for  the  affection  and  capa- 
ble of  reproducing  it  in  animals. 

Herpes  is  probably  an  infectious  disease  of  the  skin  which  often  occurs 
spontaneously,  though  very  frequently  during  the  course  of  other  affections, 
especially  pneumonia,  typhoid  fever,  and  malaria. 

The  lesions  consist  of  groups  of  vesicles  containing  clear  serous  fluid 
which  in  the  course  of  time  becomes  turbid.  These  lesions  persist  for  a  few 
days,  then  dry,  crust,  and  heal.     They  frequently  occur  in  crops. 

Various  forms  are  described  :  Herpes  zoster,  already  mentioned,  occurs  in 
the  distribution  of  certain  nerves  and  may  be  of  nervous  or  arterial  origin. 
Herpes  facialis  or  labialis  is  common  upon  the  lips  and  face.  This  condi- 
tion, when  mild,  is  known  to  every  one  as  the  "fever-blister."  Herpes 
prceputialis  occurs  upon  the  penis,  clitoris,  labia,  etc. 

Lichen  planus  is  a  peculiar,  papular  skin  affection  occasionally  observed 
in  persons  of  neurotic  temperament,  supposedly  resulting  from  disturbances 
of  innervation.  Torok  describes  the  lesions  as  depending  upon  an  inflam- 
mation of  the  upper  layers  of  the  corium,  with  secondary  changes  in  the 
epidermis.  The  papillae  and  a  narrow,  sharply  outlined  zone  of  tissue  beneath 
them  are  infiltrated  with  cells  like  leukocytes,  and  are  more  or  less  edema- 
tous. The  rate  cells  undergo  proliferation,  which  in  chronic  cases  may  be 
so  excessive  as  to  obliterate  the  papillae,  or,  on  the  contrary,  to  enlarge  them 
by  downward  growth  of  the  interpapillary  processes.  These  cells  of  the 
rete  are  not  so  conspicuous  in  the  acute  cases,  and  instead  of  undergoing 
hyperplasia,  may  become  atrophied  by  crowding  of  the  infiltrating  cells  from 
below.  The  stratum  corneum  being  thickened,  conic  masses  of  horny  epi- 
thelial cells  form  about  the  orifices  of  the  sweat-glands,  leaving  a  central 
■depression  in  the  papule  when  exfoliated.  Some  observers  think  vesicles 
form  between  the  rete  and  papillae  at  one  stage  of  the  affection,  and  regard 
Ihe  umbilication  of  the  papules  as  depending  upon  the  absorption  of  the 
contents  of  the  vesicles. 

The  etiology  of  the  disease  is  not  understood. 

Anthrax,  or  malignant  pustule,  is,  fortunately,  a  rare  affection  of  the 
skin  following  infection  by  the  Bacillus  anthracis.  It  usually  occurs  in 
those  whose  occupations  bring  them  into  contact  with  the  flesh,  hides, 
hair,  or  other  parts  of  diseased  animals,  from  which  the  specific  infection  is 
derived.  The  infection  may  take  place  through  any  small  lesion,  and  has 
been  known  to  follow  the  bites  of  insects  which  have  preyed  upon  infected 
materials  or  animals.  The  disease  usually  manifests  itself  upon  the  face, 
neck,  hands,  and  shoulders,  beginning  with  the  formation  of  a  small  red 
papule  resembling  a  flea-bite,  surrounded  in  from  twelve  to  fifteen  hours  by 
a  small  vesicle  containing  brownish  or  bluish'  fluid.  When  not  scratched, 
the  vesicle  dries  and  forms  a  scab.  The  surrounding  skin  is  somewhat  red- 
dened, indurated,  and  swollen.  The  affected  area  enlarges  in  depth  and 
width,  the  color  darkens,  and  finally  a  black  eschar  is  formed.  This  is  at 
first  superficial,  but  gradually  involves  the  deeper  layers  of  the  skin.  The 
black  spot  varies  in  size  from  2  mm.  to  2  cm.;  it  is  hard  and  dry  on  the  sur- 
face, and  there  is  no  indication  of  suppuration.     Subsequently  a  new  set  of 
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vesicles  forms  about  the  eschar,  giving  it  the  appearance  of  a  ring  set  with 
pearls.  In  some  cases  it  has  an  appearance  not  unlike  a  vaccine  vesicle. 
The  vesicles  coalesce,  and  their  contents  may  be  somewhat  discolored  by 
blood.  The  surrounding  skin  may  become  reddened  and  swell  consid- 
erably, so  as  to  form  a  distinct  tumor — carbuncular  tumor.  If  the  disease 
continues  to  spread,  the  swelling  may  become  great  and  very  extensive. 
Fresh  crops  of  vesicles  often  appear.  The  progress  of  the  disease  takes 
from  three  to  nine  days,  when  a  line  of  demarcation  forms  around  the  eschar 
and  the  slough  separates,  leaving  a  cicatrizing  surface  which  heals  without 
suppuration. 

The  disease  is  characterized  by  Raimbert  as  without  pain,  without  pus 
in  the  initial  lesion,  and  with  the  formation  of  a  vesicular  areola,  not  puru- 
lent and  of  limited  dimensions. 

Not  infrequently  the  disease  becomes  erysipelatous  in  character  and  sup- 
puration and  gangrene  may  occur.  The  systemic  complications  are  pro- 
found in  most  cases,  and  the  infection  is  commonly  fatal.  When  the  lesions 
are  examined  bacteriologically,  the  specific  bacilli  are  usually  readily 
detected.  They  have  also  been  secured  from  the  blood  before  death.  When 
not  found  in  the  original  lesion,  they  may  be  found  in  other  parts  of  the 
body.  The  local  infection  is  complicated  by  the  presence  of  putrefactive 
bacteria,  which  at  times  seem  able  to  destroy  the  anthrax  bacilli,  and  it  is 
not  impossible  that  some  cases  recover  through  these  means. 

The  histology  of  the  lesions  consists  of  an  acute  inflammation  with  much 
edema,  a  serofibrinous  exudation,  and  more  or  less  necrosis.  Bacilli  are 
easily  defined  in  the  cells,  between  the  cells,  and  in  the  lymph-spaces. 

Impetigo,  formerly  differentiated  as  impetigo  simplex  and  impetigo  contagi- 
osum,  is  a  pustular  disease  of  the  skin  which  depends  upon  infection  with 
pus  cocci.  It  occurs  in  badly  nourished  children.  The  pustules  are  situ- 
ated in  the  derm  only,  and  are  not  destructive  in  tendency,  healing  without 
scars. 

Ecthyma  is  a  more  intense  degree  of  the  same  process,  the  pustules 
being  larger,  deeper,  and  more  destructive.  The  lesions  may  be  succeeded 
by  pigmentation. 

Chancroids  are  infectious  lesions  of  the  skin  and  adjacent  mucous  mem- 
branes of  the  genital  organs,  usually  resulting  from  inoculation  during  coitus. 
The  lesion  is  observed  about  twenty-four  hours  after  infection,  and  begins 
as  a  vesicle  or  pustule  which  rapidly  forms  a  destructive  ulcer  with  a  yellow- 
ish, purulent  base,  irregular  infiltrated  edges,  soft  consistence,  and  a  marked 
tendency  to  spread.  There  is  apt  to  be  rapid  lymphatic  extension  to  the 
inguinal  glands,  which  usually  also  suppurate.  A  small  bacillus  described  by 
Ducrey  is  supposed  to  be  the  cause  of  the  disease. 

Tuberculosis  of  the  skin  may  be  primary  or  secondary.  The  secondary 
forms  occur  as  small,  superficial,  rounded  ulcers,  usually  about  the  mouth, 
genitals,  or  anus ;  or  in  the  forms  known  to  the  older  writers  as  scrofuloderma, 
consisting  of  small,  rounded,  isolated  nodules  in  the  subcutaneous  tissues, 
which  soften  and  form  ulcers  with  indurated  edges.  The  lesion  first  described 
probably  results  from  direct  implantation  of  the  bacilli  from  infected  dis- 
charges ;  the  second  probably  sometimes  from  hematogenous  distribution  of 
the  bacilli,  sometimes  from  direct  implantation  of  the  bacilli  in  the  skin.  By 
far  the  most  frequent  forms  of  tuberculosis  of  the  skin  are  lupus  and  verruca 
tuberculosa. 

Lupus  erythematosus  is  a  form  of  primary  tuberculosis  of  the  skin  charac- 
terized by  the  formation  of  slightly  elevated  red  patches,  usually  upon  the 
nose,  lips,  or  cheeks.  From  the  surface  of  the  patches  the  epidermis  be- 
comes loosened  and  desquamates.     Slight  pressure  often  suffices  to  rupture 
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the  covering  of  the  subepithehal  tubercles  and  allow  the  escape  of  their 
contents,  after  which  shallow,  slowly  but  persistently  increasing  ulcers  form ; 
as  these  spread  at  the  periphery  the  center  usually  slowly  cicatrizes. 

Lupus  vulgaris  differs  in  that  without  any  inflammatory  hyperemia  the 
formation  of  tubercles  takes  place  in  the  cutis  and  elevates  the  skin  so  that 
papules  are  formed.  The  disease  usually  begins  upon  the  face,  but  the  limbs 
and  trunk  are  not  infrequently  affected. 

The  lesions  are  very  polymorphic  in  consequence  of  what  are  really  slight 
variations  in  the  pathologic  process.  The  affection  usually  begins  in  a  single 
little  papule  caused  by  the  formation  of  granulation  tissue  inclosing  true 
tubercles.  The  coagulation  necrosis  of  the  tuberculous  tissue  soon  causes 
rupture  of  the  suprajacent  epidermis  and  the  formation  of  an  ulcer,  which, 
after  the  evacuation  of  its  contents,  may  heal,  or,  in  less  favorable  cases, 
may  continue  to  spread.  The  eruption,  rupture,  and  cicatrization  Of  the 
tubercles  form  the  most  favorable  course  the  disease  can  run,  though  this  is  in 
itself  disfiguring,  from  the  formation  of  a  larger  or  smaller  area  of  skin  rich 
in  granulation  tissue,  studded  with  new  tuberculous  papules,  and  seamed  by 
cicatrices.  The  formation  of  spreading  ulcers  is  much  more  destructive,  and 
consequently  extremely  disfiguring,  and  leads  to  lupus  exulcerans.  When 
the  loss  of  epithelium  is  marked,  the  condition  is  called  lupus  exfoliaceus. 
The  scar  tissue  is  sometimes  excessive,  sometimes  hypertrophic,  and  pro- 
duces indurations,  warty  outgrowths,  polypoid  excrescences,  ridges,  seams, 
stellate  cicatrices,  etc.  This  causes  the  occurrence  of  lupus  verrucosa,  papil- 
laris, tuberosa,  nodosa,  hypertrophica,  etc.,  according  to  the  appearance  pre- 
sented. The  irregularities  of  arrangement  in  lupus,  together  with  the  fre- 
quent infections  and  the  possible  entrance  of  the  "cancer  parasite,"  are 
sometimes  the  cause  of  epitheliomatous  changes,  which  may  progress  more 
rapidly  than  the  original  disease  and  completely  mask  it. 

A  not  uncommon  limited  form  of  dermal  tuberculosis  is  that  known  as 
veri~uca  tuberculosa,  or  anatomic  tubercle.  The  lesion  is  seen  upon  the 
hands  of  anatomists,  surgeons,  pathologists,  veterinary  surgeons,  servants  in 
anatomic  and  pathologic  laboratories,  and  butchers.  It  results  from  the 
direct  tuberculous  inoculation  by  needle-pricks,  knife-punctures,  etc.  The 
lesion  is  a  papillary  hypertrophy  with  epidermal  hyperplasia  and  desquama- 
tion. Macroscopically  it  usually  appears  as  a  purplish,  elevated,  rough, 
papular  area.  Microscopically  tubercles  are  found  in  the  rete  and  in  the 
subepithelial  layers.     There  are  usually  very  few  tubercle  bacilli  present. 

In  general  miliary  tuberculosis  Leichtenstern  has  observed  small  red  pap- 
ules upon  the  skin,  which  resulted  from  the  formation  of  small  dermal 
tubercles. 

The  tubercles  found  in  cutaneous  tuberculosis  do  not  differ  in  histology 
from  those  of  other  parts  of  the  body.  The  number  of  bacilli  in  the  lesions 
is  usually  extremely  small. 

Syphilis  is  a  disease  with  numerous  manifestations  upon  the  skin.  Some 
of  the  lesions  are  highly  characteristic;  others  are  recognized  with  much 
difficulty. 

The  chancre,  or  primary  lesion,  is  occasionally  seen  upon  the  skin  of  the 
genital  organs  from  contact  during  coitus,  and  is  sometimes  also  seen  in 
consequence  of  direct  implantation,  as  in  tattooing,  etc.  The  cutaneous 
chancre  is  not  very  characteristic  in  appearance.  It  may  present  itself— (a) 
As  an  indurated  papule,  parchment-like  superficial  induration,  or  a  split-pea- 
like  subepithelial  induration,  which  may  heal  in  the  course  of  a  few  weeks 
without  attracting  any  attention.  (J)  As  an  induration,  which,  after  a  time, 
suffers  desquamation  of  the  epithelium,  necrosis  of  the  upper  layers  of  the 
corium,  the  formation  of  an  erosion,  and  sometimes  of  an  ulcer.     Such  ah 
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ulcer  may  be  characterized  by  sufBcient  induration  to  make  its  nature  clear, 
or  may  become  infected  quite  early  with  accidentally  present  cocci,  etc.,  and 
become  inflamed,  hyperemic,  soft,  and  devoid  of  its  essential  characters. 
{/)  Rarely  the  chancre  begins  as  a  vesicle  which  speedily  becomes  an  ulcer 
by  loss  of  the  epithelium.  Microscopically  the  lesion  presents  the  cellular 
infiltration  and  vascular  changes  described  in  the  section  upon  Syphilis. 

The  eruptions  of  constitutional  syphilis,  depending  upon  the  generaliza- 
tion of  the  poison  through  the  blood,  are  extremely  varied.  They  may  be 
common  to  the  entire  body,  or  limited  to  the  buttocks,  back,  trunk,  etc. 
When  widely  distributed,  they  differ  from  other  similar  eruptions  in  the  fre- 
quency with  which  they  occur  upon  the  palms  of  the  hands  and  soles  of  the 
feet.  They  have,  as  a  rule,  a  peculiar  copper-red  color  and  a  tendency  to  a 
rounded  form.  All  the  essential  forms  of  exanthema  may  occur.  The  affec- 
tion may  take  the  form  of  macules,  papules,  pustules,  ulcers,  blebs,  or  gum- 
mata.  The  affection  may  be  very  slight,  or  so  severe  as  to  threaten  life,  if 
not  in  some  cases  to  cause  death. 

By  dermatologists  the  lesions  are  named  from  their  resemblances  to  simple 
skin  affections,  thus :  Roseola  syphilitica,  lichen  syphiliticus,  pemphigus 
syphiliticus,  impetigo  syphilitica,  psoriasis  palmaris  syphilitica,  etc. 

The  most  frequent  and  most  important  skin  lesions  are  the  chancre,  the 
roseola,  the  condyloma  latum,  the  rupia  (large  pustular  syphiloderm),  and 
the  gumma.  (For  descriptions  of  the  histology  of  these  lesions  the  student 
is  referred  to  the  chapter  upon  Syphilis  in  Part  I.)  They  are  all  essentially 
characterized  by  round-cell  infiltrations  with  a  ■  marked  tendency  to  localize 
about  the  blood  vessels,  which  are  always  turgescent  in  and  about  the  lesions. 

The  syphilitic  skin  affections  may  heal  kindly,  leaving  no  marks  behind 
them,  or  may  cause  white  or  pigmented  areas  which  remain  for  a  time ;  or, 
as  is  most  frequent,  cause  scars  which  slowly  undergo  cicatricial  contraction. 
Very  little  permanent  disfigurement  results  in  the  ordinary  case  of  dermal 
syphilis. 

Lepra  of  the  skin  may  be  either  tubercular — lepra  grcecorum — or  anes- 
thetic— lepra  ancesthetica.  Description  of  the  lesions  is  given  in  the  section 
upon  Leprosy. 

Glanders. — The  skin  lesions  of  glanders  usually  appear  as  papules,  nodules, 
vesicles,  bullae,  variola-like  pustules,  or  as  phlegmonous  or  erysipelatous  in- 
flammations. Deep  sloughing  ulcers  and  even  gangrenous  patches  may  be 
observed.  The  lymphatic  vessels  and  glands  enlarge,  to  form  i^&  farcy  buds, 
and  subsequently  ulcerate.  The  disease  not  being  peculiar  to  the  skin,  and 
readily  extending  from  it  to  other  tissues,  merits  no  further  mention  here. 

Rhinoscleroma  and  mycosis  fungoides  have  been  described  at  some 
length  in  Part  I. 

Toxic  Inflammations  of  the  Skin. — /.  Inflammations  of  the  Skin 
Caused  by  Contact  with  Irritating  Substances.— SiomQ  local  irritants,  such  as 
poison-ivy,  cantharides,  mustard,  croton  oil,  carbolic  acid,  sulphuric  acid,  etc., 
cause  traumatic  injuries  of  the  skin,  even  reaching  the  point  of  gangrene. 

Ivy-poisoning. — Contact  with  the  \ea.vtsoi  Rh-us  toxicondendron  or  Rkus  radicans  affects  the 
skin  of  susceptible  individuals  very  markedly,  producing  an  erythema,  with  vesication,  oozing, 
crusting,  and  a  marked  tendency  to  spread' from  place  to  place,  so  that  some  have  thought  the 
serum  from  the  vesicles  contained  the  irritating  substance. 

Cantharides,  mustard,  and  the  stronger  water  of  ammonia,  when  applied  to  the  skin,  pro- 
duce erythema  and  vesication.     Prolonged  application  may  be  followed  by  sloughing. 

Croton  oil  differs  from  most  local  irritants  in  that  its  application  is  followed  by  the  forma- 
tion of  large  numbers  of  small  pustules. 

II.  Inflammations  of  the  Skin  Depending  upon  Irritative  Substances  Circu- 
lating in  the  Blood. — Irritants  circulating  in  the  blood  sometimes  cause  skin 
lesions,  some  of  which  are  mild,  some  severe. 
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Among  those  best  known  is  urticaria,  which  sometimes  occurs  after  eating  certain  foods, 
such  as  strawberries,  shell-fish,  cheese,  etc. ;  erythema  and  roseola,  rarely  papules,  vesicles, 
and  petechise,  result  from  similar  causes  and  after  the  administration  of  such  drugs  as 
atropin,  quinin,  morphin,  strychnin,  digitalis,  salicylates,  phenacetin,  antipyrin,  sulphonal,  cal- 
omel, etc. 

Doubtless  the  retained  excrementitious  products  of  faulty  digestion 
and  incomplete  metabolism  play  an  important  role  in  the  production  of 
skin  eruptions  or  in  paving  the  way  for  local  skin  infections.  Thus,  in 
albuminuria  and  diabetes  local  gangrenous  patches  of  the  skin  are  fre- 
quently observed,  and  diabetes  is  a  common  predisposing  cause  of  boils  and 
carbuncles. 

Urticaria  is  an  angioneurotic  affection  of  the  skin  usually  resulting  from 
intoxication.  Very  different  causes  may  induce  it,  and  it  may  result  from 
external  or  internal  stimuli.  Mechanical,  thermal,  and  chemic  irritations  of 
the  skin,  poisons  absorbed  from  the  alimentary  system,  psychic  conditions, 
such  as  profound  emotion  and  individual  idiosyncrasy,  may  all  have  impor- 
tant bearings  upon  its  etiology.  In  certain  nervous  affections  a  most  marked 
predisposition  to  urticaria  occurs  in  the  form  of  dermatographia,  in  which 
drawing  a  pencil  or  other  bluntly  pointed  instrument  over  the  skin  causes  a 
corresponding  urticarial  elevation  to  follow  in  a  few  moments. 

It  is  supposed  that  the  wheals  depend  upon  spasmodic  contraction  of  the 
vessels,  followed  by  their  subsequent  paralytic  dilatation  and  the  formation 
of  an  exudation  which  rapidly  accumulates  and  is  later  rapidly  absorbed. 
The  redness  of  the  wheal  at  first  depends  upon  the  hyperemia,  while  the 
subsequent  central  pallor  is  caused  by  the  exudate  expressing  the  blood  from 
the  capillaries.  In  urticaria  factitia  Gilchrist  observed  all  the  phenomena 
of  inflammation  within  fifteen  minutes  after  its  formation. 

In  rare  cases  the  urticaria,  if  severe,  may  be  followed  by  vesication,  and 
in  still  rarer  cases  the  vesicles  may  contain  blood-stained  fluid.  These  re- 
cover with  the  formation  of  pigmented  patches  {urticaria pigmentosa).  Unna 
and  Gilchrist  believe  that  the  pigmentation  is  not  so  much  dependent  upon 
the  hemorrhage  into  the  cutis  as  upon  the  presence  of  accumulated  pigment 
in  the  lower  layer  of  the  rete. 

Prurigo,  a  papular  disease  of  badly  nourished  infants,  is  thought  by  some 
to  result  from  urticaria.  It  is  a  poorly  characterized  affection,  of  which  the 
chief  feature  seems  to  be  the  formation  of  permanent  papules.  In  some  of 
them  Leloir  has  observed  a  cystic  degeneration  of  the  cells  of  the  rete. 

The  exanthematous  diseases  are  characterized  by  skin  eruptions 
due  in  part  to  the  local  action  of  the  specific  cause  of  the  disease,  in  part  to 
its  toxic  products,  and  in  part  to  the  faulty  elimination  of  excrementitious 
products.  Our  knowledge  of  the  diseases  is  too  limited  to  permit  of  an 
accurate  classification. 

Scarlatina  is  characterized  by  a  bright  red,  occasionally  livid,  slightly  swollen  condition 
\3f  the  skin.  It  usually  begins  upon  the  neck  and  clavicular  regions,  the  groin,  under  the  arms, 
on  the  loins,  the  back,  the  breast,  the  face,  and  the  extremities,  in  irregular  patches  which  later 
coalesce.  Not  infrequently  small  dark  points  are  scattered  over  the  reddened  surface.  This 
condition  persists  for  about  a  week,  sometimes  only  one  or  two  days,  and  then  gives  way  to  a 
slightly  yellow-brown  pigmentation.  The  process  terminates  in  desquamation,  which  may  be 
very  slight  and  furfuraceous,  or  may  be  so  extensive  that  large  areas  of  the  epidermis  peel  off 
mtact.  This  is  especially  noticeable  upon  the  fingers  and  toes,  which  sometimes  shed  the  epi- 
dermis like  a  glove  (desquamaiio  membranaced).  Rarely  the  eruption  is  marked  byapapillary 
vesicular,  bullous,  or  hemorrhagic  tendency.  ' 

The  disease  is  characterized  microscopically  by  a  decided  hyperemia,  a  slight  degree  of 
cellular  infiltration,  and  a  collection  of  exudate  in  the  stratum  granulosum,  with  colliquation 
of  Its  cells  and  subsequent  desquamation  of  the  outer  layers.  There  are  very  few  changes  in 
the  papillary  layer  of  the  skin. 

Mallory  has  recently  discovered  what  appear  to  be  protozoan  parasites  in  the  epithelial 
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cells,  but  the  true  nature  of  the  bodies  described  and  their  relation  to  scarlatina  remain  to  be 
proved. 

Measles  is  characterized  by  a  pinkish,  maculopapular  eruption,  which  in  exceptional  cases 
becomes  hemorrhagic  {black  measles).  It  appears  first  upon  the  face  and  neck,  then  upon  the 
delicate  parts  of  the  skin  of  the  trunk.  The  eruption  consists  of  very  slightly  elevated,  rounded 
spots,  which  run  together  irregularly  to  form  larger  patches  of  a  somewhat  crescentic  shape.  The 
skin  is  always  mottled  and  spotted,  the  eruption  never  becoming  confluent.  There  is  always 
some  hyperemic  swelling,  especially  of  the  face,  which  appears  bloated.  The  eruption  lasts 
but  a  few  hours,  then  begins  to  fade,  is  followed  by  a  yellowish  pigmentation,  marked  dryness, 
and  a  powdery  desquamation. 

The  microscopic  changes  consist  of  hyperemia,  transmigration  of  a  few  leukocytes,  swell- 
ing, then  drying  and  desquamation  of  the  superficial  layer  of  epidermis. 

Typhoid  fever  is  characterized  by  an  eruption  of  rounded  or  oval  rosy  spots  of  pin-head  or 
pea  size,  appearing  in  successive  crops  upon  the  abdomen  and  chest,  sometimes  upon  the  back, 
thighs,  and  arms,  rarely  over  the  entire  body.  The  spots  are  usually  few  in  number.  They 
are  rosy  red,  not  elevated,  readily  disappear  upon  pressure,  and  never  become  petechial.  They 
seem  to  consist  of  small  subcutaneous  or  cutaneous  hyperemias,  and  are  probably  dependent 
upon  the  presence  of  typhoid  bacilli,  as  these  have  occasionally  been  cultivated  from  blood 
drawn  from  them. 

In  addition  to  the  roseola,  sudamina  or  miliaria  not  infrequently  occur  in  typhoid.  Suda- 
mina  are  small  vesicles  which  appear  to  depend  upon  elevation  of  the  superficial  layers  of  the 
epidermis  by  the  pressure  of  the  secretions  of  sweat-glands  whose  orifices  have  been  occluded. 
They  are  probably  not  inflammatory  in  origin. 

Typhus  fever  has  a  characteristic  skin  eruption  which  is  described  as  consisting  of  several 
distinct  elements.  There  is,  first  of  all,  an  ill-defined  subcuticular  mottling  of  a  dusky-red 
color,  seemingly  deep  down  in  the  skin  ;  second,  a  widely  distributed  series  of  small,  rounded 
red  spots  which  at  first  disappear  upon  pressure,  but  later  become  petechial.  The  eruption 
may  be  copious,  is  sometimes  mistaken  for  measles,  but  is  more  apt  to  be  petechial.  It  per- 
sists after  death.     It  usually  appears  first  upon  the  face. 

Varicella  is  characterized  by  the  early  appearance  of  red  blotches  and  papules,  upon  each 
of  which  a  little  vesicle  forms  after  a  few  hours.  The  vesicles  are  usually  not  umbilicated,  and 
are  small,  but  may  be  distinctly  umbilicated  and  very  large.  Those  not  destroyed  by  scratch- 
ing dry  up  in  a  few  hours,  forming  small  crusts.  Before  drying  the  vesicles  may  become  filled 
with  turbid  fluid.  Actual  pustules  are  unusual.  Scars  are  not  infrequent  after  the  larger 
lesions.  Rarely  the  lesions  may  be  of  enormous  size  and  suggest  ecthyma.  The  vesicle 
formation  is  supposed  by  Unna  to  depend  upon  colliquation  of  the  cells.  Peculiar  multinu- 
clear  cells  found  in  the  vesicles  have  been  regarded  by  some  writers  as  parasites,  but  Gilchrist 
has  apparently  shown  this  to  be  an  error. 

Variola  is  characterized  by  the  most  marked  and  interesting  of  the  exanthematous 
lesions.  The  appearance  of  the  eruption  is  usually  preceded  by  red  blushes  of  the  skin  much 
resembling  scarlatina,  but  in  some  cases  simulating  measles. 

The  eruption  itself  begins  with  the  formation  of  pin-head-sized  hard  and  firm  papules 
which  have  a  faint  red  color.  Each  is  usually  surrounded  by  a  hyperemic  zone.  By  the  fifth 
or  sixth  day  from  the  beginning  of  the  disease  the  papules  begin  to  change  into  vesicles  con- 
taining clear,  amber-colored  fluid,  and  each  typical  vesicle  is  distinctly  umbilicated  at  the 
center.  In  rare  cases  hemorrhage  occurs  into  the  vesicles.  In  ordinary  cases,  by  the  eighth 
or  ninth  day  the  vesicles  begin  to  change  into  pustules  and  the  central  umbilication  disappears, 
the  lesions  becoming  more  globular  in  form  and  the  color  grayish-yellow.  The  pustules  are 
usually  surrounded  by  an  injected,  swollen  zone.  By  the  eleventh  or  twelfth  day  the  pustules 
dry,  or  in  bad  cases  rupture,  and  crusts  form,  dry,  and  desquamate,  leaving  pits  which  remain 
permanently  if  the  papillary  layers  of  the  skin  have  been  affected. 

This  course  is  typical  of  the  discrete  form,  the  confluent  form  being  characterized  by  so 
many  lesions  that  the  pustules  coalesce,  while  the  hemorrhagic  form  presents  many  variations. 

In  the  usual  discrete  form  the  eruption  begins,  as  a  rule,  upon  the  forehead  and  wrists.  In 
the  confluent  form  the  pustules  are  far  more  numerous  upon  the  face  and  hands  than  upon 
the  body  and  limbs.  In  these  cases  the  rupture  of  the  pustules  converts  the  entire  face  into  a 
suppurating  surface,  so  that  the  patient  presents  a  most  revolting  and  pitiful  appearance.  In 
such  cases  the  papillary  layer  of  the  skin  is  sure  to  be  destroyed,  and  cicatrization  with  scar 
formation  occurs.  It  may  be  some  weeks  before  the  cicatrization  is  completed,  and  the  scars, 
which  are  at  first  red  and  conspicuous,  do  not  whiten  for  months. 

The  hemorrhagic  small-pox  or  black  small-fox  is  characterized  by  the  occurrence  of  hem- 
orrhage into  the  pustules.  "  The  skin  may  have  a  uniformly  purplish  hue,  and  the  unfortu- 
nate victim  may  even  look  plum-colored.  The  face  is  swollen,  and  large  conjunctival  hem- 
orrhages with  the  deeply  sunken  cornea  give  a  ghastly  appearance  to  the  features."  The 
hemorrhagic  form  of  the  disease  is  usually  fatal. 

The  microscopic  changes  of  the  skin  in  small-pox  consist  in  a  primary  circumscribed 
hyperemia  of  the  papillse  and  exudation  into  the  rete.  The  cells  of  the  rete  become 
swollen  and  undergo  coagulation  necrosis  just  above  the  papillas.  The  cells  swell  and  gradu- 
ally form  anuclear,  pale  granules.  This  swelling  and  degeneration  are  succeeded  by  an 
inflammatory  transudation  in  which  many  of  the  epithelial  cells  dissolve,  forming  the  vesicle, 
which  appears  under  the  microscope  as  a  cavity  occupied  by  threads  and  flakes  consisting  of 
epithelial  remnants,  leukocytes,  and  flbrin.     The  umbilication  seems  to  depend  chiefly  upon 
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the  presence  of  the  original  coagulation  necrotic  mass,  which,  not  dissolving  so  readily  as  the 
nethboring  cell  "hold!  down  the  epidermis.  The  depth  to  which  the  vesicle  descends  varies, 
Sut  it  rarelf  Lo  ves  the  papilla.  The  ti.sue  immediately  surrounding  the  vesicle  is  hypere- 
m"c  and  infiltrated  with  leukocytes.  This  is  especially  true  of  the  papilte.  From  the  sur- 
™und"ng  tissue  the  leukccytes  invade  the  vesicle,  which  then  becomes  a  pustule  As  the 
leukocytes  begin  their  active  emigration  the  trabeculse  within  the  vesicle  and  the  central 
degenerated  mass  melt  away,  the  umbilication  disappears,  and  Jhe  collection  of  pus  becomes 
spheric  The  crusts  form  by  the  drying  of  the  exudate.  As  the  activity  of  the  process  sub- 
Fdes  the  leukocytes  wander  back  into  the  lymphatics,  and  the  swelling  of  the  skin  disappears. 
When  the  severity  of  the  pustule  formation  causes  destruction  of  the  papillary  layer,  cicatri- 
zation and  scar  formation  are  inevitable.  ,.,_,•  J  u 

The  epithelial  cells  show  in  their  nuclei  and  cytoplasm  small  spheric  bodies  supposed  by 
many  to  be  the  specific  parasites.  This  is,  however,  not  yet  proved  to  be  the  case,  and  there 
is  as  yet  no  definite  information  regarding  the  etiology  of  the  disease.  ^     ,  .■ 

Vaccinia,  whether  variola  modified  by  passage  through  the  cow  or  an  independent  dis- 
ease is  characterized  by  the  formation  of  a  lesion  at  the  point  of  inoculation,  and  sometimes 
elsewhere,  which  goes  through  about  the  same  cycle  of  changes  as  characterizes  tlie  lesions 
of  variola  It  is  first  a  papule,  then  a  vesicle,  next  a  pustule,  and  finally  a  scab,  under  which 
cicatrization  occurs.  The  morbid  anatomy  and  microscopy  are  identical  with  variola,  and 
supposedly  similar  parasitic  organisms  are  found  in  the  lesions. 

Fungous  Diseases  of  the  Skin.— These  parasitic  affections  are 
caused  by  vegetable  organisms  of  higher  type  than  those  already  described, 
and  are  hence  given  a  separate  class.  The  fungi  are  in  part  related  to  the 
molds,  in  part  to  the  yeasts,  while  others  are  not  yet  satisfactorily  placed. 

Favus.— Favus  is  a  mycotic,  inflammatory  disease  of  the  skin  caused  by  the  Achorion 
SMdnleinU,  and  characterized  by  certain  peculiar  sulphur-yellow  concave  incrustations 
known  as  favus  cups.  The  disease  is  not  uncommon  among  the  lower  animals,  and  is  perhaps 
originally  contracted  from  them,  though  it  is  readily  transmitted  from  man  to  man. 

The  disease  usually  occurs  upon  the  scalp  or  face,  though  it  may  occur  elsewhere  upon 
the  body.  Infection  seems  to  occur  chiefly  through  the  hair-follicles.  The  fungus  grow.s 
between  the  layers  of  horny  epithelium,  forcing  them  apart  and  tending  to  elevate  them.  The 
center  of  the  invaded  area  is  probably  held  down  by  the  hair,  while  the  edges  are  raised,  the 
"  cup"  being  thus  formed.  The  fungus  readily  invades  the  hair-follicle  and  the  inner  root- 
sheath,  usually  in  the  upper  three-fourths  of  the  follicle,  though  sometimes  extending  for  a 
considerable  distance  into  the  hair  itself  The  fungus  is  easily  recognized  by  its  size,  its  long, 
occasionally  branched,  mycelial  threads,  with  numerous  transverse  septa,  and  its  many  spores, 
which,  somewhat  irregular  in  size  and  shape,  are  chiefly  situated  at  the  ends  of  the  threads. 

The  disease  occasionally  affects  the  roots  of  the  nails,  growing  between  the  horny  layers. 
The  fungus  may  in  time  cause  atrophy  of  the  nail  papillBe  as  well  as  of  the  hair-follicles,  and 
eventually  lead  to  alopecia  and  deformity  of  the  nails. 

Ringworm,  a  mycotic  inflammatory  disease  of  the  skin,  is  caused  by  several  parasites 
which  invade  the  hairs  and  hair-follicles.  Two  chief  forms  of  parasites  are  described — 
one  with  minute  spores,  called  the  microsporon,  the  other  with  large  spores,  the  megalosporon 
or  trichophyton .  All  forms  of  ringworm  are  contagious,  and  are  probably  originally  derived 
from  the  lower  animals,  among  which  they  are  common. 

The  microsporon  is  characterized  by  mycelia,  which  form  only  in  the  hairs  themselves,  and, 
after  dividing  and  subdividing,  finally  terminate  on  the  outer  side  of  the  shaft  of  the  hair  in 
fine  filaments  upon  the  ends  of  which  multitudes  of  spores  are  massed.  The  greatest  massing 
of  the  spores  is  observed  about  the  outer  surface  of  the  follicular  portion  of  the  hair. 

The  trichophyton  rarely  shows  any  mycelia  in  the  lesions  or  in  the  invaded  hairs,  but 
appears  in  the  form  of  parallel  rows  of  spores  within  and  upon  the  surface  of  the  hairs. 
The  seat  and  peculiarities  of  the  lesions  govern  the  names  applied  to  them.  Thus : 
Tinec^  circinata  is  ringworm  of  the  hairless  portions  of  the  body.  It  makes  its  appearance 
especially  where  the  skin  is  warm  and  moist.  The  fungus  usually  observed  is  the  trichophy- 
ton, which  grows  in  the  deeper  layers  of  the  horny  layer  of  the  skin  and  sometimes  among 
the  epithelial  cells  down  to  the  rete.  In  this  form  the  mycelia  of  the  trichophyton  are  present 
and  spread  centrifugally,  forming  the  rounded  or  circinate  lesions.  The  reaction  consists  of 
a  mild  inflammation  characterized  by  hyperemia.  A  few  papules  form  about  the  edges  of  the 
reddish  patch. 

Tinea  tonsurans,  or  ringworm  of  the  scalp,  is  frequent  in  children  and  more  rare  in 
adults.  It  usually  depends  upon  the  microsporon,  which  grows  in  the  hair-follicle  and  in  the 
hair  itself  producing  deformity  and  brittleness  of  the  hairs.  In  consequence  the  hairs  break 
off  near  the  scalp,  the  broken  ends  having  a  frayed-out  appearance.  Centrifugal  growth  is 
the  rule,  resulting  in  a  rounded  area  of  very  short  hair  upon  a  mildly  inflamed  base. 

Tinea  sycosis,  or  "barber's  itch,"  is  very  similar  to  tinea  tonsurans,  except  that  it  affects 
the  beard  of  adults.  It  is  caused  by  the  trichopbyton.  It  is  a  more  inflammatory  affection 
than  ringworm  of  the  scalp,  and  seems  to  depend  upon  foUicular  infection.  There  is  con- 
siderable  follicular  inflammation,   and  the  hairs   may  loosen   and    come   out.     The  small 


INFLAMMATIONS   OF  THE  SKIN.  587 

abscesses  of  the  sebaceous  glands  and  hair-follicles  may  depend  more  upon  secondary  infec- 
tion than  upon  the  trichophyton  itself. 

Tinea  imiricaia  occurs  in  tropic  countries,  and  is  caused  by  a  fungus  resembling  the 
trichophyton,  though  it  grows  only  in  the  epidermis  and  does  not  infect  the  hair-follicles. 

Tinea  versicolor,  sometimes  called  pityriasis  versicolor,  is  due  to  a  fungus  known  as  the 
Microsporon  furfur.  It  occurs  upon  the  hairless  portions  of  the  body,  where  the  fungus 
grows  between  the  upper  layers  of  the  horny  tissue  of  the  skin,  producing  a  peculiar,  yellow- 
brown  color  over  irregular  patches,  with  furfuraceous  desquamation,  but  without  inflamma- 
tion.    There  is  no  involvement  of  the  hair-follicles. 

Erythrasma  is  a  mycotic  disease  of  the  moist  warm  parts  of  the  body  where  opposed  sur- 
faces come  together,  as  in  the  axilla  or  groins.  It  is  a  very  chronic  disorder,  and  is  thought 
to  be  due  to  a  fungus  known  as  the  Microsporon  minutissimum,  of  which  the  spores  and  threads 
are  only  about  one-third  the  size  of  the  Microsporon  audouini.  It  is  not  yet  proved  that  this 
fungus  is  specific.  The  disease  is  characterized  by  a  sHght  redness  and  furfuraceous  scaling, 
and  has  fairly  well-defined  edges,  appearing  to  extend  centrifugally. 

Blastomycetlc  Dermatitis. — This  is  a  chronic  inflammatory  and  hyperplastic  disease  of 
the  skin,  caused  by  organisms  closely  related  to  the  yeasts.  The  typical  appearance  of  the 
lesion  differs  but  little  from  verrucose  tuberculosis,  for  which  it  is  commonly  mistaken,  though 
it  occasionally  closely  resembles  epithelioma,  for  which  it  may  also  be  mistaken.  The  areas  of 
skin  affected  may  be  extensive,  and  are  usually  multiple,  occurring  in  different  parts  of  the  body. 
The  first  appearance  of  the  affection  may  be  the  formation  of  a  papule  or  pustule  which 
spreads  slowly.  Months  or  even  years  may  be  required  in  order  that  the  lesions  shall  attain 
ariy  considerable  size.  Larger  lesions  are  irregular  in  outline,  and  show  a  dull,  dusky,  hypere- 
mic  base,  upon  which  are  crusted  ulcerations,  with  thickened  cicatricial  areas  and  irregular 
thickenings  of  the  epithelium.  Montgomery  describes  a  case  in  which  the  affection  occurred 
upon  the  lower  lip  and  could  easily  be  mistaken  for  epithelioma. 

Histologic  examination  of  the  lesions  reveals  interesting  changes  in  both  the  epiderm  and 
cutis.  There  is  marked  hyperplasia  of  the  rete,  the  interpapillary  processes  of  which  descend 
somewhat  irregularly  into  the  corium,  branching  out  much  as  in  epithelioma.  Signs  of  inflam- 
matory disturbances  are  shown  by  the  invasion  of  the  epithelium  by  leukocytes,  and  occa- 
sional pviriform  clusters  in  the  epithelium.  .  Montgomery  considers  these  little  abscesses  as 
characteristic  of  the  affection.  The  rete  cells  are  usually  swollen,  the  prickles  are  very  dis- 
tinct, and  the  spaces  between  the  cells  are  increased.  Epithelial  pearls  are  not  infrequent  as 
the  result  of  irregular  cornification. 

The  chief  changes  in  the  corium  are  the  formation  of  small,  inflammatory,  cellular  collec- 
tions, some  of  which  resemble  abscesses,  some  tubercles.  Giant-cells  similar  to  those  of 
tubercle  are  of  frequent  occurrence  in  the  inflammatory  collections,  which  are  also  character- 
ized by  polymorphonuclear  leukocytes,  plasma  cells,  lymphocytes,  endothelial  cells,  and  occa- 
sional mast-cells. 

The  parasite  supposed  to  be  specific  for  the  affection  is  found  in  most  of  the  inflammatory 
lesions,  especially  in  the  giant-cells.  They  appear  as  round,  clearly  defined,  double-walled, 
homogeneous  bodies,  which  commonly  occur  in  pairs  of  unequal  size.  They  measure  from 
7.5  to  20jLt  in  diameter.  They  require  no  special  staining  to  define  them,  but  can  be  seen  in 
sections  ordinarily  stained  with  hematoxylon  and  eosin,  though  better  in  specimens  prepared 
with  methylene-blue. 

The  organism  has  been  cultivated  in  a  number  of  cases,  growing  upon  some  of  the  usual 
laboratory  media,  though  rather  better  in  tieer-wort.  Usually  no  fermentation  has  been 
observed.  The  multiplication  by  budding  and  the  development  of  the  spheroidal  organisms 
into  elongate  hyphas  have  pretty  well  established  the  yeast  nature  of  the  parasite. 

Kolluscum  contaglosum,  or  epithelioma  contagiosum,  appears  to  be  a  parasitic  disease 
of  the  skin,  though  it  is  uncertain  whether  the  bodies  heretofore  described  as  parasites  are 
coccidia  or  simply  degenerated  cells. 

The  disease  consists  of  a  tumor-like  formation  composed  of  a  group  of  pea-sized  or  bean- 
sized,  waxy-looking,  shining  nodules,  surrounding  a  central,  saucer-shaped  opening. 

Histologically  the  growth  consists  of  a  gland-like  epithelial  tissue,  developing  from  the 
epidermis  and  inclosing  large  numbers  of  the  supposed  parasites.  Each  lesion  is  made  up  of 
a  number  of  conic  lobes  separated  by  fibrous  partitions  and  converging  toward  the  central 
opening.  The  growth  occurs  entirely  in  the  rete.  The  papillae  are  obliterated  by  pressure  or 
elongated  to  form  the  fibrous  septa.  Montgomery  says:  "The  lower  and  outer  cells  of  each 
lobule  are  usually  normal,  and  correspond  to  the  palisade  cells  of  the  rete,  with  which,  at  the 
border  of  the  growth,  they  are  continuous.  Above  them  are  cuboidal  epithelial  cells  which 
undergo  gradual  degeneration  toward  the  center  of  the  growth,  where  they  form  a  soft,  homo- 
geneous, yellowish  mass,  which  can  be  pressed  out  through  the  central  opening.  The  more 
minute  changes,  as  well  as  their  nature,  are  matters  of  dispute.  By  some  the  cell  is  said  to 
undergo  a  homogeneous  amyloid  degeneration,  the  substance  thus  formed  gradually  filling  up 
the  entire  cell,  enlarging  it,  obliterating  its  structure,  and  forming  the  so-called  moUuscum 
body.  The  majority  of' observers  describe  the  formation  of  clear  oval  spaces  or  bodies  in  the 
cell,  beginning  in  the  neighborhood  of  the  cell-nucleus.  These  oval  bodies  are  themselves 
provided  with  a  nucleus,  and  gradually  extend  to  fill  up  the  whole  interior  of  the  cell.  In  its 
later  stages  the  body  is  seen  as  a  finely  granular  mass  surrounded  by  a  clear,  transparent  zone. 
Still  later  the  exterior  of  the  cell  may  undergo  excessive  cornification,  a  feature  which  constitutes 
the  chief  change  in  the  cells.     By  a  few  observers  these  cell-forms  found  in  moUuscum  are  still 
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believed  to  be  protozoa,  but  the  majority  thinlc  with  Gilchrist  and  Zuznitzski  that  they  are 
changed  epithelial  cells." 

The  evident  contagiousness  of  moUuscum  is  strongly  in  favor  of  the  parasitic  nature  of  the 
contained  bodies. 

Erythema  multiforme  is  a  non-specific,  inilammatory  disease  of  the  skin,  resulting  from 
the  activity  of  various  bacteria  or  their  products,  and  characterized  by  reddish  macules, 
papules,  and  vesicles.  It  occurs  in  association  with  rheumatism,  syphilis,  gonorrhea,  and 
other  bacterial  affections,  and  not  infrequently  accompanies  endocarditis,  pericarditis,  acute 
nephritis,  and  other  disorders  in  which  bacteria  gain  entrance  into  the  blood.  It  also  occurs 
in  debilitated  conditions  arising  from  anemia,  cachexia,  chlorosis,  etc.,  and  at  times  appears  as 
a  result  of  various  intoxications. 

The  pathology  of  the  lesion  appears  simple.  There  is  marked  hyperemia  of  the  corium 
and  papillary  layer,  sometimes  of  the  subcutaneous  tissues,  with  an  exudation  between  the  rate 
and  upper  layers  of  the  epiderm  and  the  occasional  formation  of  vesicles  and  bullae.  There 
is  some  hemorrhagic  extravasation  into  the  exudate,  so  that  the  tissue  becomes  pigmented,  the 
pigment  remaining  after  the  disease  recovers.  Some  leukocytes  always  invade  the  epiderm, 
and  leukocytes  are  present  in  the  fluid  exudate  of  the  vesicles  and  bullae. 

According  to  the  extent  of  the  damage  done  by  the  exudation  and  the  type  of  lesion  result- 
ing, the  disease  can  be  divided  into  forms  such  as  herpetic  {herpes  circinatus,  herpes  iris,  etc.), 
bullous,  vesicular,  and  nodose. 

Erjrthema  nodosum  affects  both  skin  and  subcutaneous  tissue,  and  is  characterized  by  the 
formation  of  hyperemic  swellings  which  may  become  as  large  as  hen's  eggs.  Such  lesions 
occur  not  only  in  the  superficial  tissues,  but  also  occasionally  in  the  muscles. 

Dermatitis  exfoliativa,  sometimes  called  pityriasis  rubra,  is  characterized 
by  a  universal  inflammation  of  the  skin  with  exfoliation  of  the  epidermis. 
It  may  arise  spontaneously  or  succeed  other  forms  of  dermatitis,  such  as 
eczema,  psoriasis,  etc.     The  etiology  is  unknown. 

The  histologic  changes  consist  of  a  superficial  inflammation  of  the  corium, 
with  vascular  dilatation,  edema,  and  round-cell  infiltration,  swelling  of  the 
papilte  with  thinning  of  the  rete,  and  exfoliation  of  the  upper  two-thirds 
of  the  horny  layer.  When  the  disease  is  chronic,  the  changes  extend  more 
deeply,  connective-tissue  hyperplasia  occurs  in  the  corium,  and  the  cells  of 
the  rete  become  proliferated.  Very  chronic  cases  are  characterized  by  in- 
creased cornification  of  the  epidermis  and  atrophy  of  the  rete,  corium,  and 
appendages  of  the  skin.  The  stratum  lucidum  and  stratum  granulosum  are 
obliterated  in  most  chronic  cases. 

Dermatitis  exfoliativa  is  sometimes  a  fatal  affection. 

Psoriasis  is  a  chronic  affection  of  the  skin  characterized  by  reddish, 
papular,  scaly  patches,  which  are  dry,  pearly,  and  lustrous.  It  affects  all 
ages  and  both  sexes ;  it  may  be  inherited,  and  is  not  infrequent  in  gouty  and 
rheumatic  individuals. 

The  etiology  of  the  disease  is  unknown.  The  pathologic  histology  is  not 
yet  well  understood.  Sections  of  the  skin  show  an  anomaly  of  the  horny 
layers,  which  are  thickened,  the  cells  being  separated  from  one  another  by 
spaces  in  which  are  found  various  bodies  supposed  to  be  nuclei  of  epithelial 
cells  or  of  leukocytes,  and  granular  aggregations  resembling  cocci.  It  seems 
to  be  the  presence  of  the  air  in  these  spaces  that  gives  the  skin  its  silvery 
luster.  The  cornification  of  the  hyperplastic  cells  is  irregular  and  often 
imperfect,  so  that  the  lower  third  retain  their  nuclei  and  staining  qualities. 
Keratohyalin  and  eleidin  are  nearly  absent  from  the  homy  and  lucid  layers, 
while  the  granular  layer  is  sometimes  thickened,  and  rarely  absent.  The 
cells  of  the  rete  usually  proliferate,  and  the  interpapillary  processes  enlarge 
and  extend  downward.  The  corium  is  moderately  inflamed  and  is  some- 
what infiltrated  with  round-cells,  the  papillae  being  enlarged  and  sometimes 
deformed. 

The  hair-follicles  and  sweat-glands  may  show  distinct  changes,  though 
the  sebaceous  glands  are  usually  normal. 

Lupus  erytliematosus,  a  chronic  inflammatory  affection  of  the  skin  char- 
acterized by  hyperemia  and  thickening,  was  formerly  confounded  with  lupus 
vulgaris  or  tuberculosis  of  the  skin.     It  is  now  known  to  be  an  entirely  inde- 
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pendent  affection,  in  which  no  tubercles  are  formed,  and  the  lesions  of  which 
are  simply  those  of  chronic  inflammation.  The  changes  chiefly  affect  the 
upper  part  of  the  corium,  in  which  a  proliferation  of  connective  tissue  and 
infiltration  of  leukocytes  occur  chiefly  about  the  vessels  and  glands.  Single 
cells  degenerate  by  fatty  and  colloid  metamorphosis.  There  is  marked 
chronic  hyperemia,  and  not  infrequently  obliterative  endarteritis  may  be 
observed.  The  glands  of  the  skin  are  stimulated  to  overaction  in  the  be- 
ginning, but  as  the  disease  becomes  chronic,  they  may  atrophy.  - 

Tumors  of  the  Skin. — Fibroma  is  a  rare  tumor  of  the  skin.  It  is 
usually  well  circumscribed.  It  may  be  sessile  or  pedunculated ;  in  the  latter 
case  it  may  be  pendulous.  Keloids  are  common  in  the  skin  and  always  suc- 
ceed traumatic  injuries.  They  are  much  more  frequent  in  negroes  than  in 
Caucasians. 

Fibroma  moUuscum  is  the  most  frequent  form  of  cutaneous  fibroma.  It 
is  sometimes  called  neurofibroma  moUuscum,  because  nerve-fibers  are  said  to 
have  been  traced   into  the  lesions,  which  are  at  times  painful.     The  dis- 
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Fig.  286. — Section  through  a  xanthoma  nodule,  showing  the  large  cells  filled  with  fat-droplets, 
similar  to  those  composing  the  sebaceous  glands. 

ease  is  said  to  occur  chiefly  in  persons  of  mental  and  physical  deficiency. 
The  tumors  are  usually  multiple,  in  some  cases  thousands  occurring  simul- 
taneously. They  vary  in  size  from  a  pin-head  to  a  hen's  egg,  and  are  usually 
pedunculated  and  polypoid. 

Myoma  of  the  skin  is  very  rare  and  springs  from  the  corium.  In  gen- 
eral it  resembles  fibroma.  The  muscle-cells  of  the  erectores  pili  and  of  the 
vessels  are  supposed  to  be  the  starting-point. 

Neuroma  is  rare,  most  of  the  described  tumors  being  neurofihromata,  or 
simple  fibrous  moUuscum.  Duhring  has,  however,  described  a  case  in  which 
a  tumor  of  the  skin  consisted  of  a  connective-tissue  framework  rich  in  non- 
medullated  nerve-fibers. 

Xanthoma,  or  xanthelasma,  is  a  peculiar  yellowish-brown  discoloration 
{xanthoma  planum')  or  nodular  elevation  {xanthoma  tuberosum)  usually  mak- 
ing its  appearance  about  the  eyelids,  though  occasionally  upon  other  parts 
of  the  body.  It  is  essentially  a  grovrth  of  the  connective  tissue,  but  is  char- 
acterized by  peculiar  cell-nests  the  nature  of  which  is  obscure.     These  cells, 
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epithelioid  in  type,  are  large,  seem  to  possess  a  cell- wall,  and  are  thickly 
iniiltrated  with  fat-granules.  Unna  finds  that  the  fat-granules  do  not  respond 
to  the  usual  inicrochemic  tests  for  fat,  and  it  is  not  improbable  that  the  gran- 
ules are  of  some  other  material.  The  cells  are  grouped  about  the  vessels  of 
the  corium,  sometimes  extending  as  high  as  the  rete.  Ihe  epiderm  may  be 
thinned  and  its  cells  vacuolated.  ,      ■       r-  ^i,  i 

Politzer  thinks  the  fat-cells  result  from  metamorphosis  of  the  muFcle- 
cells  of  the  orbicularis  palpebrarum.  .       ,.       •,  u 

Xanthoma  not  infrequently  accompanies  systemic  disorders,  such  as 
jaundice  and  diabetes  {xanthoma  diabeticorum-),  though  it  is  not  known  that 
these  affections  have  any  definite  etiologic  role.  .,    j    ■     t,    .  t 

Anaioma  —The  various  forms  of  nevi  already  described  in  Part  I.  are 

found  in  the  skin.  Of  these,  the  ncBvi 
vasculosi,  or  "birth-marks,"  are  most 
frequent.  The  soft  warts,  known  as 
fuzvi  vasculosi  tuberosa,  closely  resem- 
ble endotheliomata  in  structure.  Cav- 
ernous angiomata  are  not  common  in 
the  skin.  Simple  telangiectasias  are 
frequent  in  the  form  of  rosacea  upon 
the  faces  of  those  who  are  exposed  to 
the  weather. 

Pigmented  angioma  {angioma  pig- 
mentosum et  atrophicum  or  xeroderma 
pigmentosum)  is  a  rare  form  of  tumor 
seen  in  childhood,  which  later  develops 
into  a  malignant  growth  similar  to  car- 
cinoma or  sarcoma. 

Lymphangioma  resulting  from  dila- 
tation of  the  lymph-vessels  is  not  un- 
common, and  is  usually  associated  with 
vascular  dilatation.  They  may  form 
nodular  swellings,  extensive  thicken- 
ings, or  active  elephantiasis.  Occa- 
sional pigmented  forms  are  observed 
{ncevi  pigmentosi  prominens,  verrucosi, 
papillomatosi  ). 

Lymphangioma  occurs  in  circum- 
scribed form  upon  the  face  and  head, 
and  not  infrequently  upon  other  parts  of  the  body.  Elephantiasis  usually 
occurs  about  the  genitals  and  lower  extremities. 

Hypertrophic  lymphangioma  is  associated  with  cellular  proliferation  and 
passes  imperceptibly  into  endothelioma  of  the  skin. 

Endothelioma  of  the  skin  develops  in  the  form  of  small  nodular  masses 
{endothelioma  tuberosum).  The  tumor  is  characterized  by  tubular  masses  of 
endothelial  cells  developed  from  the  blood  or  lymph  capillaries.  Some  of 
the  soft  warts  show  this  structure. 

Sarcoma  of  the  skin  is  of  rare  occurrence,  and  is  usually  secondary  to 
deep-seated  tumors.     There  are  no  essential  peculiarities. 

Melanotic  sarcoma  of  the  skin  may  develop  from  pigmented  nevi,  or  in 
rarer  cases  from  the  normal  skin.  The  primary  tumor  may  exist  for  a  con- 
siderable time  and  ulcerate  before  metastases  are  observed.  Melanotic  sar- 
coma of  the  skin  is  said  to  impart  metastasis  to  the  lymph-glands,  but  it  is 
not  improbable  that  many  cases  in  which  this  has  happened  have  really  beea 
epithelial  tumors. 


Fig.  287. — Adenoma.  The  tumor,  about 
the  size  of  a  pea,  developed  from  the  seba- 
ceous glands  of  the  nose. 
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To  the  naked  eye,,  the  growths  are  usually  very  black.  The  tumor  is  very 
malignant  and  terminates  fatally. 

Unna  and  Gilchrist  believe  that  all  pigmented  tumors  of  the  skin  are 
epithelial  in  nature,  and  that  melanotic  sarcoma  of  the  skin  should  no  longer 
be  described. 

Cancer  of  the  skin  usually  takes  the  form  oi squamous  epithelioma  {q.  v.). 

Montgomery  divides  these  tumors  into- loMate^  a.nd  tuiu/ar  forms.  The 
lobulated  form  is  characterized  by  descending,  dividing,  and  branching  proc- 
esses from  the  rete,  forming  nests  of  every  conceivable  shape,  being  modi- 
fied by  pressure.     Many  epithelial  pearls  are  formed. 

The  tubular  form  is  characterized  by  processes  of  cylindric  shape  which 
extend  at  varying  angles  through  the  cutis  and  subcutis.  Cell-nests  and 
pearls  are  not  common.  This  form  of  carcinoma  of  the  skin  has  been 
thought  to  originate  from  the  sweat-glands,  but  this  is  not  certain.  The 
rodent  ulcer  is  a  superficial  form  of  this  tumor. 

Paget' s  disease  {q.  v.)  is  a  superficial  form  of  skin  cancer  seeming  to 
begin  in  a  chronic  inflammation  of  the  skin,  usually  of  the  areola  about  the 
nipple,  though  sometimes  elsewhere.  For  a  long  time  no  other  changes  are 
seen  in  the  skin  than  those  depending  upon  chronic  inflammation. 

Lenticular  carcinoma  of  the  skin  usually  occurs  secondarily  to  mammary 
carcinoma  in  the  form  of  small,  multiple,  nodular  lesions,  which  eventually  unite 
to  form  extensive  sclerotic  areas,  such  as  constitute  "  cancer  en  cuirasse." 

Pigmented  carcinoma  of  the  skin  may  originate  from  normal  skin  or  from 
pigmented  nevi  and  moles.  The  lesions  may  be  single  or  multiple,  and 
are  intensely  black.  Early  metastasis  usually  occurs  to  the  lymphatic  glands 
and  to  the  internal  organs. 
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The  Sweat-Glands.— Hidradenitis  suppurativa  is  an  inflammatory 
disease  of  the  sweat-glands  associated  with  suppuration.  It  is  usually 
observed  where  the  glands  are  exceptionally  large,  as  in  the  axillary  and 
genital  regions.  The  lesions  resemble  furuncles  and  end  in  the  destruction 
of  the  gland. 

Sudamina  is  an  obstructive  disorder  of  the  sweat-glands  seen  in  typhoid 
.  and  other  fevers,  and  chai-acterized  by  the  formation  of  vesicles  in  the  horny 
layer.  Each  is  a  retention  cyst  of  temporary  nature,  caused  by  the  acci- 
dental plugging  of  the  duct  of  the  sweat-gland  and  the  retention  of  its  con- 
tents, or  the  escape  of  the  contents  of  the  plugged  duct  between  the  layers 
of  horny  epithelium.  Masses  of  micrococci,  supposedly  skin  cocci,  have 
been  found  in  the  duct  of  the  gland. 

Miliaria,  or  prickly  heat,  is  an  acute  affection,  common  in  hot  weather 
when  the  clothing  irritates  the  skin  to  undue  activity,  and  free  evaporation 
of  the  perspiration  is  prevented.  The  lesions  consist  of  papules  and  vesicles 
of  rapid  formation,  with  hyperemic  surrounding  tissue.  The  occlusion  of 
the  duct  is  supposed  to  depend  upon  the  inflammatory  swelling.  Miliaria 
differs  from  sudamina  in  that  it  is  inflammatory. 

Hidrocystoma  is  similar  to  miliaria,  but  more  rare.  The  sweat-glands 
are  permanently  obstructed  and  cystic,  and  the  lesions  usually  appear  on  the 
face  in  groups.  They  are  the  size  of  sago-gra;ins,  and  in  the  corium  form 
cysts,  caused  by  dilatations  of  deeper  portions  of  the  sweat-glands  than  are 
aff"ected  in  either  sudamina  or  miliaria.  The  cysts  contain  clear  fluid  and 
granular  matter. 

Diseases  of  the  Sebaceous  Glands. — Seborrhea,  or  oversecretion 
of  the  sebaceous  glands,  occurs  in  an  oily  and  a  dry  form. 


592  DISEASES   OF  THE   SKIN. 

Seborrhcea  oleosa  appears  to  be  an  excessive  production  of  the  sebum,  which  is  purely  func- 
tional and  unattended  by  anatomic  alterations.  ,  .  .  .^i. 

Seborrhea  sicca  is  supposed  by  Unna  to  be  of  parasitic  nature  and  to  depend  upon  the 
irritation  of  bacteria.  Kaposi  beUeves  it  to  be  non-inflammatory  and  largely  functional,  de- 
pending upon  the  discharge  of  the  sebum  from  the  glands  with  considerable  admixture  of 
fats  and  epithelial  cells.  The  disease  is  most  common  upon  the  scalp,  where  it  lorms  the 
ordinary  dandruff,  or  pityriasis  simplex.  When  the  condition  persists  for  a  long  time,  it  is 
apt  to  lead  to  atrophy  of  the  hair-follicles  and  permanent  alopecia. 

Asteatosis  is  a  dry,  scaly  condition  of  the  skin  depending  upon  absence 
or  constant  removal  of  the  sebaceous  secretion. 

Comedo,  or  plugging  of  the  ducts  of  the  sebaceous  glands,  is  a  frequent 
affection  of  adolescence.  The  outlets  of  the  sebaceous  glands  are  obstructed 
by  plugs  composed  of  inspissated  sebum,  lanugo  hairs,  cholesterin,  fat,  and 
horny  cells,  the  mass  being  detected  upon  the  surface  of  the  skin  as  a  dark 
spot  in  which  Unna  claims  to  have  found  ultramarine  pigment.  The  exact 
mechanism  of  the  formation  of  the  plug  is  unknown.  The  disease  is  most 
frequent  in  patients  suffering  from  digestive  disorders  and  from  constitutional 
vices. 

Milium  is  a  somewhat  similar  affection,  in  which  a  more  considerable 
mass  of  sebum  is  retained  as  the  result  of  occlusion  of  a  sebaceous  duct. 
The  retained  secretion  consists  of  fat  and  degenerated  cells  surrounded  by 
an  envelop  of  horny  cells.     The  entire  mass  is  easily  enucleated. 

Wens,  steatomata,  sebaceous  cysts,  or  atheromatous  cysts,  are  reten- 
tion cysts  of  the  sebaceous  glands  which  become  greatly  hypertrophied  and 
surrounded  by  a  connective-tissue  capsule.  The  obstruction  may  be  inflam- 
matory or  may  consist  of  inspissated  secretion.  The  contents  of  the  cysts 
are  fatty,  with  degenerated  epithelial  cells,  cholesterin,  and  fine  hairs.  Doubt- 
less many  so-called  wens  are  small  dermoid  cysts. 

Wens  usually  appear  about  the  scalp,  though  they  are  not  uncommon 
upon  the  face  and  may  occur  upon  the  body  and  limbs.  They  may  attain 
the  size  of  an  egg.  They  not  infrequently  inflame  and  cause  considerable 
pain. 

Acne  or  acne  vulgaris  is  an  inflammatory  disease  of  the  sebaceous  glands 
and  surrounding  tissues,  sometimes  limited  to  one  gland,  more  commonly 
affecting  a  gland  and  its  hair-follicle,  sometimes  affecting  several  glands  and 
the  intermediate  tissue.  The  disease  usually  occurs  during  adolescence.  Its 
cause  is  not  known,  though  it  is  commonly  attributed  to  digestive  disorders 
and  constitutional  vices.  It  may  be  infectious.  The  lesions,  which  take  the 
form  of  pustules,  usually  occur  upon  the  face,  but  may  occur  upon  the  trunk 
and  arms.  It  is  one  of  the  most  frequent  skin-diseases.  When  the  lesions 
are  deeply  seated,  hard,  and  do  not  suppurate,  the  condition  is  described  as 
acne  induratum. 

Usually  the  inflammation  terminates  in  suppuration,  the  little  abscess 
"points"  as  a  "white  head,"  which,  when  ruptured,  discharges  a  mixture 
of  pus  and  sebum,  the  latter  often  forming  a  central  cylinder.  The  lesions 
tisually  recover  without  destruction  or  with  the  loss  of  the  follicle,  but  may 
be  quite  destructive,  leaving  disfiguring  pits  on  healing. 

Diseases  of  the  Hairs  and  Hair-follicles. — The  whitening  of  the 
hair,  so  characteristic  of  advanced  age,  but  sometimes  coming  on  as  the 
result  of  psychic  disturbances  and  neurasthenia  during  early  life,  has  been 
shown  by  Metschnikoff  to  depend  upon  the  activity  of  certain  ameboid 
mesoblastic  cells  with  active  phagocytic  tendencies,  by  which  the  normal 
pigment  of  the  hair  medulla  is  transferred  to  the  cells  about  the  papillae. 
The  presence  of  air  or  other  gases  in  the  hair  Metschnikoff  found  inadequate 
to  account  for  the  change  in  color,  as  had  been  previously  taught. 

Hypertrichosis  is  excessive  development  of  hair  over  all  the  body.     It 
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leads  to  a  Simian  appearance,  or  to  the  "dog-faced"  men.  Long,  coarse 
hair  has  been  observed  over  all  parts  of  the  body  except  the  palms  of  the 
hands  and  soles  of  the  feet.     It  may  be  congenital. 

Alopecia  is  a  condition  in  which  the  hair  is  deficient  or  absent.  It  may 
be  congenital,  but  is  usually  acquired.  Its  affects  the  scalp  chiefly  in  the 
form  well  known  as  baldness,  but  may  occur  upon  any  hairy  part  of  the 
body.  The  congenital  form  is  usually  accompanied  by  defective  develop- 
ment of  the  nails  and  sometimes  of  the  teeth.  The  senile  form,  chiefly 
affecting  the  scalp,  is  accompanied  by  atrophy  of  the  hair-follicles.  Prema- 
ture alopecia  may  depend  upon  seborrhea  {q.  v.);  it  is  sometimes  hereditary. 
Recently  it  has  been  taught,  and  seems  to  have  been  demonstrated,  that  it 
depends  upon  infection  of  the  hair-follicles  by  a  particular  micro-organism. 

Toxic  alopecia  is  observed  in  some  of  the  infectious  diseases,  such  as  syphilis  and  typhoid 
fever,  in  which  the  hair  falls  but  soon  grows  in  again. 

Alopecia  areata  is  usually  supposed  to  be  the  effect  of  a  trophoneurosis.  The  hair  falls  out 
in  irregular  areas.  As  some  of  the  cases  occur  in  epidemics  and  as  there  is  considerable  evidence 
that  the  affection  is  contagious,  there  is  good  reason  to  believe  that  it  is  infectious,  and,  indeed, 
Sabouraud  has  constantly  found  a  certain  bacilhis  in  the  upper  third  of  the  diseased  hair- 
follicles,  these  bacilli  being  apparently  the  same  as  those  occurring  in  seborrhea.     With  cul- 
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tures  of  this  bacillus  he  claims  to  have  produced  the  disease  in  calves,  rabbits,  and  guinea- 
pigs. 

Alopecia  decalvans  is  an  inflammatory  disease  succeeded  by  atrophy  of  the  hair-follicles  in 
groups.  It  is  a  slowly  progressive  disease,  lasting  for  years.  When  situated  upon  the  back 
of  the  neck,  it  is  sometimes  known  as  dermatitis  papillaris  capilliti. 

Atrophy  of  the  hair  is  often  the  precursor  of  alopecia  prematura.  It 
seems  to  depend  upon  some  systemic  disturbance  of  nutrition.  It  also 
occurs  in  numerous  local  diseases,  such  as  eczema  and  seborrhea.  The 
hairs  become  lusterless  and  dry,  and  split  and  fracture.  Their  caliber  also 
becomes  smaller.     Dry  brittleness  of  the  hair  is  known  zs,  fragilitas  cnnium. 

Trichorrhexis  nodosa  is  a  rare  atrophic  disease  of  the  hairs,  usually  of 
the  beard,  in  which  swellings  or  nodes  occur  here  and  there  upon  them, 
fracture  easily  occurring  at  these  points,  the  ends  being  frayed  out.  The 
disease  is  doubtless  parasitic. 

Moniloth fix  is  a  congenital  and  often  hereditary  affection  in  which  the 
hairs  show  constrictions,  at  which  points  they  are  prone  to  fracture. 

Diseases  of  the  Nails. — Hypertrophy  of  the  nails  or  onychauxis  is 
not  infrequent.  The  nails  become  thick,  rough,  uneven,  brittle,  and  luster- 
less.     They  are  often  elevated  from  the  nail-bed.     The  color  changes  and 
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usually  becomes  a  dirty  yellow-brown.  When  the  nail  is  bent  over  the 
finger-tip  like  a  claw,  the  condition  is  described  as  onychogryphosis. 

Horns  upon  the  nails  are  not  uncommon  (see  Horns). 

Atrophy  of  the  nails  is  characterized  by  thinning,  softening,  furrowing, 
and  ridging.  The  tissue  becomes  brittle,  has  a  tendency  to  split,  and  is 
sometimes  discolored.  Transverse  furrows  across  the  nails  are  not  uncom- 
mon in  atrophy.  Such  furrows  are  not  infrequently  developed  during  sys- 
temic affections,  such  as  typhoid  fever,  etc.,  and  depend  upon  temporary 
malnutrition.  Leukopathia  unguium,  or  white  spots  on  the  nails,  usually 
depends  upon  slight  traumatic  injuries,  though  it  may  mark  systemic 
depravity. 

Hyperkeratosis  is  seen  in  syphilis,  leprosy,  tuberculosis,  acromegaly, 
myxedema,  neuritis,  eczema,  etc.  It  is  characterized  by  an  accumulation  of 
imperfectly  cornified  cells  at  the  bed  of  the  nail.  The  nail  is  thus  partly 
elevated,  softened,  and  moistened.  Bacteria  not  infrequently  grow  in  the 
porous  tissue  and  cause  it  partly  to  putrefy  and  become  offensive.  The  nails 
may  be  temporarily  or  permanently  shed  in  consequence. 

Onychitis,  or  inflammation  of  the  matrices  of  the  nails,  may  result  from 
traumatic  injury  and  from  infection.  It  usually  terminates  in  the  exfoliation 
of  the  nails,  which  soon,  however,  reform,  unless  the  matrix  be  destroyed  by 
suppuration.  Onychitis  or  onychomycosis  sometimes  results  from  the  growth 
of  the  favus  fungus  (Achorion  schonleinii)  at  the  root  of  the  nail. 

Loss  of  the  nails  results  from  hyperkeratosis,  onychitis,  paronychitis, 
syphilis,  alopecia  areata,  diabetes,  etc.  It  not  infrequently  follows  traumatic 
injury  with  subungual  extravasation  of  blood. 


CHAPTER    VI. 

DISEASES  OF  THE  SPLEEN,  LYMPHATIC  NODES, 
THYMUS  GLAND,  AND  BONE=MARROW. 

THE  SPLEEN. 

Congenital  Malformations. —  Total  absence  of  the  spleen  is  very  rare,  but  has  been  seen 
occasionally  in  acephalic  monsters  and  other  markedly  defective  individuals.  It  has  also  been 
seen  in  a  few  otherwise  well-formed  persons,  probably  the  oldest  cadaver  in  which  it  was  ab- 
sent being  a  three-year-old  child  examined  and  reported  upon  by  Roberts. 

The  spleen  sometimes  takes  the  form  of  a  collection  of  rounded,  pea-  and  cherry-sized 
bodies,  fastened  to  a  peritoneal  fold  corresponding  to  the  gastrosplenic  omentum.  Less  marked 
anomalies,  such  as  lobulation,  notching,  etc.,  are  very  common. 

Not  infrequently  accessory  or  superttumerary  spleens  are  observed.  These  are  usually  the 
size  of  a  pea,  or  may  be  as  large  as  a  cherry.  They  may  be  single  or  multiple,  and  are 
situated  in  the  neighborhood  of  the  spleen  in  the  folds  of  the  peritoneum.  They  are  readily 
recognizable  by  their  color  and  consistence.  Marsh  observed  two  quite  well-formed  spleens  in 
the  same  person. 

Not  infrequently  the  spleen  is  abnormally  movable,  and  in  consequence  assumes  unusual 
positions.  Such  cases  are  spoken  of  as  Jloating  spleen,  and  most  usually  depend  upon  exist- 
ing or  previous  enlargement  of  the  organ,  which  has  stretched  its  attachments,  or  upon  con- 
genitally  long  attachments. 

Anemia. — The  spleen  may  appear  anemic  in  general  anemia,  in  cases  of 
considerable  loss  of  blood  from  hemorrhage,  and  in  inanition.  The  anemic 
organ  is  smaller,  paler,  and  denser  than  normal,  and  has  a  wrinkled  capsule. 
When  incised,  it  is  found  to  be  of  a  reddish-brown  or  slate  color,  and  firm 
and  fibrous. 

Hyperemia. — Active  hyperemia  of  the  spleen  is  of  very  frequent  occur- 
rence. It  is  seen  in  those  who  die  after  partaking  of  a  hearty  meal,  proba- 
bly occurring  at  the  same  time  as  the  digestive  leukocytosis.  It  is  also 
almost  invariable  in  the  infectious  diseases.  The  organ  manifests  its  hyper- 
emic  condition  by  increase  in  size,  stretching  of  the  capsule,  the  dark-red 
color  of  its  cut  surface,  the  soft  or  even  mushy  consistence,  the  softened, 
protruding  parenchyma  of  the  trabeculse,  and  the  less  distinct  Malpighian 
corpuscles. 

Passive  liyperemia  of  the  spleen  is  the  result  of  disease  associated  with 
circulatory  obstructions.  It  is  observed  in  cirrhosis  of  the  liver,  chronic 
cardiac  diseases,  emphysema,  etc.  The  spleen  is  enlarged,  and  its  capsule 
tense  and  elastic ;  the  color  is  dark  reddish-black  and  the  pulp  soft.  As  the 
condition  progresses  the  capsule  of  the  organ  thickens,  and  the  fibroconnec- 
tive  tissue  increases  so  that  the  trabeculse  become  thickened.  The  ultimate 
outcome  of  the  process  is  diminution  in  size,  firmness,  and  pallor.  Actual 
atrophy  of  the  splenic  pulp  seems  to  take  place,  and  pigmentation  of  its 
tissue  is  quite  common. 

Hemorrhage  into  the  spleen  usually  results  from  traumatism,  and  is 

chiefly  subcapsular.     The  most  frequent  form  of  hemorrhage  is  hemorrhagic 

'  infarction  and  follows  embolism.     Small  punctate  hemorrhages  occur  in  the 

spleen  in  the  infectious  diseases.     If  the  spleen  be  congested,  they  cannot 

be  recognized. 

Embolism  of  the  spleen  is  frequent,  and  is  characterized  by  both  hemor- 
rhagic and  anemic  infarction.     In  hemorrhagic '  infarction  conic  areas  of 
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tissue  with  the  base  directed  toward  the  capsule  and  the  apex  at  the  hilus 
either  become  eutirely  suffused  with  blood  or  are  somewhat  pale  in  the  center 
and  saturated  with  blood  at  the  periphery. 

The  anemic  infarct  differs  in  that  the  tissue  is  pale,  anemic,  and  necrotic. 
The  usual  termination  is  necrosis,  gradual  absorption,  reactive  inflammation, 
cicatrization,  and  contraction,  so  that  ultimately  nothing  remains  except  a 
deep  dimple  with  a  fibrous  cicatrix  at  its  bottom. 

Thrombosis  of  the  splenic  vein  causes  the  organ  to  become  much 
swollen.  It  rarely  occurs  except  in  connection  with  thrombosis  of  the  portal 
vein. 

InHammation  of  the  spleen  is  a  condition  which,  in  its  milder  grades, 
is  very  difficult  of  recognition  because  of  the  peculiar  structure  of  the  organ, 
making  it  almost  impossible  to  determine  the  existence  of  those  features  re- 
garded as  essential  to  inflammation — viz.,  inflammatory  hyperemia  and  round- 
cell  infiltration. 

Infection. — In  nearly  all  the  infectious  diseases  the  spleen  undergoes  a 
marked  enlargement,  forming  what  is  clinically  known  as  splenic  tumor,  or 
when  associated  with  malaria,  ague-cake. 

In  such  cases  the  spleen  is  large,  soft,  elastic,  dark  colored,  and  mushy. 
Its  substance,  exposed  by  a  clean  incision,  is  sometimes  dark  grayish-red, 
reddish-black,  or  blackish.  It  is  homogeneous,  and  the  trabeculse  and  Mal- 
pighian  corpuscles  are  invisible.  The  structure  is  soft  and  easily  lacerated 
or  penetrated  with  the  finger,  while  it  readily  gives  up  its  substance  when 
scraped  with  a  knife. 

Microscopically,  the  appearance  of  such  splenic  tissue  is  quite  uniform 
in  the  various  conditions  in  which  it  occurs.  The  veins  and  other  distinct 
blood  channels  are  engorged,  the  spaces  of  the  vascular  meshwork  and  splenic 
pulp  distended  with  a  cellular  collection  composed  partly  of  erythrocytes, 
but  chiefly  of  polymorphonuclear  and  lymphocytic  leukocytes.  There 
are  also  a  number  of  large,  rounded,  mononuclear  cells,  often  containing 
numerous  erythrocytes  which  they  have  incorporated  in  their  protoplasm. 
These  cells,  as  do  also  the  lymphocytes,  undoubtedly  multiply  during  the 
splenic  enlargement,  as  many  karyokinetic  figures  can  be  observed.  Exactly 
what  the  nature  of  this  change  in  the  splenic  pulp  is  has  not  yet  been  deter- 
mined. It  is  supposed  that  active  phagocytosis  is  in  progress  in  the  organ, 
this  view  being  favored  by  the  results  of  numerous  researches  which  indicate 
that  bacteria  and  other  minute  particles  circulating  in  the  blood  are  gathered 
in  the  spleen  and  there  destroyed. 

That  the  importance  of  the  changes  is  not  so  great  as  to  make  them  in- 
dispensable may  be  determined  by  observing  that  the  removal  of  the  spleen 
is  not  attended  with  important  changes  in  either  man  or  animals,  and  does 
not  increase  their  susceptibility  to  disease  or  prevent  recovery.  As  the 
splenic  enlargement  runs  a  course  parallel  with  that  of  the  infectious  process, 
increasing  until  the  acme  of  the  disease  is  reached  and  then  diminishing  as 
the  disease  declines,  it  seems  almost  certain  that  the  changes  depend  upon 
the  specific  bacteria  or  micro-organisms  of  the  diseases.  This  is  further 
substantiated  by  the  fact  that  certain  of  the  toxic  diseases  produce  tissue 
necrosis  in  the  spleen.  Among  these  may  be  mentioned  pyemic  infection, 
diphtheria,  recurrent  fever,  typhoid  fever,  etc. 

The  enlarged  spleen  may  reach  three  or  four  times  its  usual  bulk.  The 
capsule  may  burst  from  the  swelling  of  its  contents.  Suppurations,  hemor- 
rhages, and  fatal  peritonitis  may  occur. 

When  the  number  of  leukocytes  contained  in  the  splenic  pulp  exceeds 
the  number  of  erythrocytes,  so  that  the  pulp  has  a  grayish  color  and  is  soft 
and  swollen,  the  organ  is  said  to  be  inflamed  and  the  condition  is  described 
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as  splenitis.  If  the  capsule  of  the  organ  be  inflamed,  the  condition  is  de- 
scribed as  perisplenitis. 

The  swollen  spleen  of  an  infectious  disease  remains  enlarged  and  softened 
until  convalescence,  when  a  gradual  reduction,  depending  upon  the  destruc- 
tion and  absorption  of  the  cells  or  their  return  to  the  blood,  occurs,  and 
finally  the  organ  is  restored  ad  integrum.  It  is  usual  to  find  atrophy  follow- 
ing the  excessive  enlargement  in  such  cases,  and  it  is  doubted  by  some 
whether  the  spleen,  when  once  considerably  enlarged,  ever  does  return  to  its 
normal  size  and  appearance.  Indeed,  there  is  so  much  alteration  in  the 
capsule  and  such  marked  changes  in  the  trabeculae  that  more  or  less  indura- 
tion seems  to  follow  of  necessity. 

In  malaria,  in  which  the  enlargement  of  the  organ  is  frequently  repeated 
and  long  continued,  a  true  hypertrophy  of  the  spleen,  with  hyperplasia  of 
the  pulp  tissue  and  more  or  less  marked  pigmentation,  nearly  always  occurs. 

Not  infrequently,  in  consequence  of  perisplenitis  depending  upon  lesions 
of  the  capsule  from  overstretching,  fibrous'adhesions  form  between  the  spleen 
and  neighboring  organs. 

Purulent  Inflammation  of  the  Spleen. — Acute  splenitis  of  a  sup- 
purative character  results  from  hematogenous  infection  with  pyogenic  bac- 
teria, from  splenic  infection  in  septicemia  and  typhoid  fever,  and  from  the 
extension  of  suppuration  from  neighboring  parts.  It  very  commonly  takes 
place  from  infectious  emboli  with  infarctions  which  rapidly  suppurate.  The 
abscesses  which  form  may  be  single  or  multiple  and  vary  in  size.  The 
appearances  need  no  special  description.  The  suppuration  terminates  either 
in  absorption  of  the  exudate  or  in  rupture  and  evacuation  into  the  peritoneal 
cavity  or  into  the  stomach,  intestines,  pleura,  lung,  etc. 

Chrooic  Splenitis. — Chronic  interstitial  inflammatory  alterations  of  the 
spleen  are  observed  in  chronic  cardiac  disease,  cirrhosis  of  the  liver,  etc.,  in 
which  there  is  a  persistent  passive  congestion  of  the  organ ;  in  infections 
with  prolonged  course  or  repeated  attacks,  as  malaria ;  and  in  certain  sys- 
temic affections  accompanied  by  general  tissue  alterations,  such  as  syphilis 
and  rickets. 

The  essential  feature  of  the  process  is  fibroconnective-tissue  induration, 
which  increases  the  size  of  the  trabeculae,  thickens  the  capsule,  and  reduces 
the  size  of  the  organ.  When  incised,  the  pulp  appears  paler  than  usual 
and  the  trabeculae  are  unusually  prominent.  The  organ  is  firmer  than 
normal. 

Tuberculosis  of  the  Spleen. — Primary  tuberculosis  of  the  spleen  is 
rare.  Miliary  tuberculosis,  on  the  contrary,  is  most  frequent  and  occurs  in 
almost  every  case  of  advanced  pulmonary  tuberculosis.  Miliary  tubercles 
appear  as  minute  grayish  points  not  much  larger  than  the  Malpighian  cor- 
puscles, and  easily  mistaken  for  them.  Older  tubercles  are  invariably  caseous 
and  softened  in  the  center.  They  vary  in  size  from  a  pin-head  to  a  cherry, 
and  are  yellowish  in  color.  Tubercles  may  occur  both  in  the  substance  of 
the  organ  and  in  the  capsule. 

Leprosy  of  the  spleen  is  very  rare  and  is  characterized  by  small 
cellular  nodes.  Complicating  tuberculosis  is  common  in  leprosy,  and  care 
must  be  exercised  that  the  lesions  are  not  confused. 

Syphilis  of  the  spleen  is  usually  characterized  by  the  formation  of 
gummata.  It  is  a  rare  affection,  but  may  occur  in  both  acquired  and  heredi- 
tary syphilis.  The  gumma  is  usually  multiple,  and  may  be  present  in  con- 
siderable numbers.  They  appear  as  grayish,  transparent  nodes,  which  later 
become  opaque,  yellowish  in  the  center,  with  a  grayish  surrounding  zone  of 
connective  tissue. 

Diffuse  hyperplasia  of  the  connective  tissue  is  an  almost  constant  altera- 
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tion  in  congenital  syphilis.     It  also  occurs  in  the  acquired  form  of  the  dis- 
ease. 

Atrophy  of  the  spleen  is  very  common  in  senility.  The  organ  is 
small,  wrinkled,  pale,  flabby,  and  pigmented. 

Atrophy  may  also  result  from  exaggerated  perisplenitis  with  callous  forma- 
tions in  the  capsule. 

Degeneration. — Amyloid  disease  has  a  marked  predilection  for  the 
spleen,  affecting  it  more  frequently  than  any  other  organ.  The  amyloid  dis- 
ease first  affects  the  walls  of  the  blood  vessels  and  contiguous  cells,  and  can 
first  be  observed  in  the  Malpighian  corpuscles,  which  become  enlarged,  pale, 
grayish,  and  translucent,  forming  bodies  somewhat  comparable  to  grains  of 
sago.  A  spleen  with  such  a  degree  of  amyloid  disease  is  described  as  sago 
spleen.  When  more  advanced,  the  process  becomes  diffuse  and  affects  all 
the  structures  of  the  spleen,  causing  it  to  enlarge  to  several  times  its  normal 
size,  and  somewhat  to  resemble  bacon  in  appearance.  The  borders  of  the 
organ  are  rounded  and  much  thicker  than  normal.  On  section,  the  tissue 
is  anemic,  dense,  inelastic,  friable,  and  of  a  pale-brown  color. 

Pigmentation  of  the  spleen  occurs  in  chronic  congestion,  especially 
that  from  cirrhosis  of  the  liver,  from  diseases  associated  with  hemolysis,  from 
repeated  attacks  of  acute  splenic  enlargement,  and  from  malaria.  In  old 
people  the  spleen  is  usually  somewhat  pigmented.  The  color  of  the  organ 
varies  from  red  brown  to  dark  brown  or  even  black.  The  entire  substance 
may  be  pigmented,  or  it  may  have  irregular  mottlings  from  peculiarities  of 
the  pigment  distribution.  The  pigment-granules  are  first  observed  in  the 
walls  of  the  blood  vessels,  then  in  the  vessel-walls  and  surrounding  cells,  and 
finally  in  the  cells  of  the  parenchyma. 

The  pigment  found  in  congestion  and  in  hemolytic  anemia  is  hemo- 
siderin ;  that  found  in  malaria  is  melanin. 

Anthracosis  sometimes  occurs  in  the  spleen,  as  in  other  deep  seated 
organs,  from  the  entrance  of  coal-pigment  into  eroded  veins. 

Calcification  of  the  spleen  is  occasionally  observed  in  old  infarcts, 
in  thickenings  of  the  capsule,  in  old  tuberculous  and  gummatous  lesions,  and 
'  rarely  in  echinococcus  cysts. 

Leukemia. — The  alterations  in  the  spleen  in  leukemia  and  pseudoleu- 
kemia, or  Hodgkin's  disease,  are  identical.  The  essential  characteristic  is 
hyperplasia  of  the  parenchyma,  by  which  the  organ  attains  an  enormous  size, 
weighing  from  5  to  10  kilograms. 

To  the  naked  eye  the  spleen  is  greatly  enlarged  and  its  capsule  thick- 
ened. Its  substance  shows  more  or  less  circumscribed  fibrous  thickenings, 
some  of  which  are  almost  cartilaginous  in  density.  Scars  are  often  observed, 
some  from  partial  lacerations  of  the  capsule,  some  because  of  the  presence 
of  infarctions  and  necroses.  The  organ  is  soft  in  the  early  stages  of  the 
disease,  but  becomes  firm  and  dense  in  chronic  cases.  Local  areas  of  soften- 
ing, depending  upon  interstitial  hemorrhage  or,necrosis,  may  be  present. 

The  appearance  of  the  incised  organ  varies  according  to  the  structures 
afrected,_  the  extent  of  the  disease,  and  the  complications  that  may  exist. 

In  mild  cases  of  leukemia  or  in  the  early  stages  of  the  disease  the  changes 
may  be  observed  chiefly  in  the  Malpighian  corpuscles,  which,  by  hyper- 
plasia of  the  lymphoid  tissue,  become  very  greatly  enlarged,  pale  in  color, 
and  stand  out  conspicuously,  forming  the  sago  spleen.  As  the  disease 
advances  the  interfollicular  lymphoid  tissue  undergoes  hyperplasia,  and  gen- 
eral enlargement  occurs,  together  with  induration,  and  a  condition  frequently 
characterized  as  the  second  stage  of  the  process  develops.  The  cut  surface 
of  the  organ  may  be  reddish  or  brownish  in  color,  but  presents  interesting 
variegations,  areas  of  yellowish  necrosis,  whitish  or  grayish  nodular  masses 
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of  lymphoid  tissue,  interstitial  hemorrhages,  and  infarctions  giving  the 
whole  a  marbled  appearance — marbled  spleen. 

When  the  enlargement  becomes  very  great,  the  capsule  of  the  spleen  may 
rupture,  causing  fatal  hemorrhage  or  peritonitis. 

Tuberculosis  and  other  complications  sometimes  occur  simultaneously 
with  leukemia,  and  modify .  the  pathologic  appearances.  When  studied 
microscopically,  it  is  found  that  the  lymphoid  tissue  has  undergone  a  marked 
hyperplasia,  and  that  the  cells  are,  to  a  more  or  less  marked  extent,  in  proc- 
ess of  karyokinesis.  The  newly  formed  cells  conform,  as  a  rule,  to  the  pre- 
existing cells  of  the  organ,  but  sometimes  cells  of  unusual  size  are  found 
mixed  with  the  mononuclear  and  polynuclear  cells.  Giant-cells  are  occa- 
sionally seen.  The  interfollicular  cells  are  frequently  in  a  condition  of 
granular  necrosis.  The  cellular  hyperplasia  occurs  not  only  in  the  pulp,  but 
also  invades  the  trabeculge  and  walls  of  the  smaller  blood  vessels.  The  pulp 
itself  is  usually  congested.  In  very  chronic  cases  the  original  lymphatic 
hyperplasia  gives  place  to  fibroid  indurations,  and  in  the  follicles  the  original 
structure  may  be  entirely  lost. 

Banti's  Disease. — The  enlargement  of  the  spleen  that  accompanies  cir- 
rhosis of  the  liver,  especially  the  hypertrophic  form,  closely  resembles  the 
spleen  of  leukemia  in  appearance,  but  does  not  show  the  same  enlargement 
of  the  Malpighian  corpuscles.  In  this  disease  the  spleen  may  weigh  as  much 
as  1200  grams.  The  enlargement  may  occur  when  venous  obstruction  is 
absent.  The  pulp  is  hyperplastic  and  hyperemic,  and  in  chronic  cases  with 
marked  enlargement  may  contain  cellular  connective  tissue.  Splenic  cells 
in  a  state  of  fatty  degeneration  are  observed  in  the  pulp. 

Tumors  of  the  Spleen. — Primary  tumors  of  the  spleen  are  rare. 
Rokitansky,  Lancereaux,  and  others  have  observed  small,  rounded,  encap- 
sulated tumors,  the  structure  of  which  was  identical  with  the  spleen  itself 
and  to  which  they  have  applied  the  name  adenoma  of  the  spleen. 

Of  the  primary  connective-tissue  tumors,  fibroma,  sarcoma,  angioma,  and 
lymphangioma  have  been  observed.' 

Secondary  tumors  of  the  spleen  are  common,  and  in  generalized  sarcoma 
and  carcinoma  one  expects  to  find  secondary  growths  in  the  spleen.  The 
form  of  these  growths  is  usually  that  of  multiple  rounded  nodes,  superficially 
or  centrally  situated. 

Cysts  of  the  spleen  are  infrequent.  Very  small  cysts  may  occasion- 
ally arise  from  follicular  degeneration.  Larger  cysts  may  be  formed  in  con- 
sequence of  lymphatic  obstruction  and  ectasis.  Large  serouB  cysts  may 
also  result  from  inclusions  of  peritoneal  endothelium  during  embryonal  de- 
velopment. Very  large  cysts — as  large  as  a  child's  head — may  sometimes  be 
formed  in  cavernous  lymphangiomata  and  other  tumors. 

Dermoid  cysts  are  rare  in  the  spleen.  Andral  has,  however,  reported  the 
occurrence  of  a  cyst,  presumably  a  dermoid,  containing  hair. 

Parasites  of  the  spleen  are  rare.  The  Pentastomum  dentlculatum  is  occasionally  seen  in- 
closed in  a  small  cyst  close  beneath  the  capsule.     It  is  usually  calcified. 

The  cysticercus  is  rarely  observed  in  the  spleen. 

The  Tmnia  echinococcm  not  infrequently  infects  the  spleen  and  forms  typical  cysts  with 
numerous  daughter  cysts.     It  may  cause  great  increase  in  the  size  of  the  organ. 

Actinomycosis  has  been  observed  in  the  spleen. 

Rupture  of  the  spleen  may  result  from  traumatism,  or  may  occur  spasmodically  in  dis- 
eased conditions  with  increase  in  size  and  inelasticity  of  the  capsule.  It  may  recover  by 
cicatrization  and  the  formation  of  a  linear  or  stellate  capsular  scar,  but  usually  leads  to  hemor- 
rhage into  the  abdominal  cavity  and  death. 

Calculi  of  the  spleen  occur  in  consequence  of  the  calcification  of  thrombi,  etc.  They 
are  more  correctly  described  zs,  fhleboliths  than  as  splenic  calculi. 
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DISEASES  OF  THE  LYMPHATIC  NODES. 

Anemia. — In  general  anemia  the  nodes  are  shrunken  and  drier  than  normal. 

Hyperemia  is  indicated  by  a  pinkish  or  reddish  color,  increased  size,  and  unusual  juiciiiess 
of  the  nodes.  The  hyperemia  seems  to  occur  more  frequently  in  the  capsular  and  cortical 
part  of  the  organs  than  toward  the  center.  Hyperemia  is  usually  the  precursor  of  inflamma- 
tion. 

Atrophy  of  the  lymph-nodes  takes  place  in  old  age.  It  starts  in  the  lymphocytes  of  the 
medullary  substance,  which  gradually  disappear,  beginning  in  the  neighborhood  of- the  hilus 
and  leaving  the  connective-tissue  framework,  which  is  slowly  transformed  into  adipose  tissue. 
This  is  best  seen  in  the  mesenteric  nodes.  Not  only  the  lymphatic  nodes,  but  also  the  lym- 
phatic follicles  of  the  mucous  membranes,  atrophy  in  advanced  life. 

Hypertrophy  of  the  lymphatic  nodes  takes  place  in  the  peculiar  affection  usually  classified 
among  the  tumors,  and  known  as  lymphadenoina. 

Amyloid  disease  of  the  lymph-nodes  occurs  with  amyloid  disease  of  other  organs  of  the 
body,  from  chronic  tuberculosis,  etc.  The  condition  first  shows  itself  in  the  walls  of  the  small 
blood  vessels.  When  present  in  marked  degree,  the  nodes  may  be  dull  gray-white,  firm,  and 
somewhat  enlarged.  The  amyloid  substance  may  be  found  in  the  nodes  or  in  the  cords  and 
sinuses. 

The  process  seems  first  to  affect  the  framework,  the  component  fibers  and  cells  of  which 
become  thickened,  bulbous,  and  irregular  and  may  fuse  to  form  masses.  Some  of  the  lympho- 
cytes may  be  included  in  the  amyloid  masses  and  finally  disappear. 

Hyaline  degeneration  is  occasionally  observed  affecting  the  blood  vessels  and  sometimes 
the  cells  of  the  lymphatic  nodes. 

Calclflcatlon  of  the  lymphatic  nodes  is  occasionally  seen  in  old  tuberculous  and  necrotic 
lesions.  The  distribution  of  the  calcareous  material  corresponds  to  the  original  distribution  of 
the  tubercles,  etc. 

Pigmentation  of  the  lymphatic  nodes  is  frequent  from  the  collection 
of  internal  and  external  substances.  The  most  frequent  hematogenous  pig- 
mentation is  by  hemosiderin,  and  takes  place  in  the  lymphatic  nodes  in  the 
neighborhood  of  hemorrhagic  extravasations  from  which  the  granules  of 
altered  blood-pigment  are  conveyed  chiefly  by  leukocytes.  The  pigment- 
granules  seen  in  the  gland  are  principally  in  the  lymphocytes  of  the  sinuses, 
but  ultimately  reach  those  of  the  lymph-cords  and  nodes.  When  but  little 
pigment  is  present,  it  can  be  observed  only  by  careful  microscopic  examina- 
tion, but  when  much  is  present,  it  may  give  the  glands  a  rusty  or  even  a 
dark- brown  color. 

Extraneous  pigments  are  observed  in  the  lymphatic  nodes  in  cases  of  tat- 
tooing of  the  skin  and  in  pneumonokoniosis.  The  particles  of  these  sub- 
stances are  microscopically  recognizable  by  their  color.  Extraneous  and 
solid  substances  in  the  nodes  ultimately  cause  much  induration  by  con- 
nective-tissue formation.  Sometimes  when  masses  of  coal-dust  enter  and 
accumulate  within  the  nodes  the  tissue  softens  instead  of  indurating.  Peri- 
adenitis is  also  caused  by  the  presence  of  foreign  particles  within  the  nodes. 

Dark  color  of  the  lymph-nodes  of  the  abdomen  may  depend  upon  the 
presence  of  blood  sinuses,  these  nodes  being  described  by  Gibbes  and 
Warthin  as  hemolymph  glands.  Their  characteristic  feature  is  the  presence 
of  the  blood  sinus,  which  other  lymph-nodes  lack.  The  function  of  these 
organs  is  unknown ;  it  is  supposed  they  have  something  to  do  with  hemo- 
genesis. 

Inflammation,  or  lymphadenitis,  is  of  frequent  occurrence,  and  is 
usually  of  lymphogenic  origin,  being  secondary  to  neighboring  infections, 
as  in  chancroidal  bubos,  but  may  occasionally  be  caused  by  the  hema- 
togenous distribution  of  bacteria.     It  is  sometimes  caused  by  toxic  irritation. 

There  is  usually  an  inflammatory  hyperemia  and  edema,  accompanied  by 
swelling  and  either  softening  or  condensation  of  the  node.  The  passing 
currents  of  lymph  wash  out  the  lymphocytes  from  the  sinuses  of  the  node, 
and  more  or  less  desquamation  of  the  endothelial  cells  occurs.  An  inflam- 
matory exudate  accumulates,  varying  according  to  the  diff'erent  degrees 
or  variety  of  inflammatory  reaction.  In  cases  of  pyogenic  infection  of 
the  lymph-nodes  from  infected  wounds,  and  in  such  infectious  diseases  as 
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scarlatina,  erysipelas,  and  plague,  in  addition  to  the  liquid  transudation, 
there  are  collections  of  polynuclear  leukocytes  which  may  amount  to  actual 
suppuration  of  the  tissue  and  the  formation  of  larger  or  smaller  abscesses 
about  the  micro-organismal  emboli.  The  rupture  of  these  abscesses,  or  their 
extension  to  the  surrounding  tissue^  produces  suppurative  peri-adenitis. 
Secondary  lymphadenitis  also  occurs  in  chancroid,  diphtheria,  gonorrhea, 
etc. 

In  toxic  affections,  particularly  diphtheria,  small  necrotic  foci  are  ob- 
served in  the  tonsils,  in  the  lymphatic  glands  of  the  neck  and  throat,  and 
also  in  Peyer's  patches  and  many  of  the  mesenteric  nodes.  In  typhoid 
fever  the  necrotic  changes  are  extensive  and  involve  nearly  all  the  tissue  of 
the  Peyer's  patches  and  many  of  the  mesenteric  nodes. 

When  the  activity  of  the  inflammation  is  violent,  the  exudate  may  be 
fibrinous  in  character,  or  when  still  more  destructive,  may  be  hemorrhagic. 

The  inflamed  nodes  are  always  swollen.  Their  color  varies  from  pinkish 
or  grayish-red  to  dark-red  when  hemorrhagic. 

The  term  bubo  was  formerly  applied  to  swollen  nodes  of  the  inguinal 
region,  but  the  term  is  no  longer  restricted  to  any  particular  group  of  nodes. 

The  recovery  of  the  inflammation  is  usually  by  simple  absorption  of  the 
exudate.  The  fluid  transudate  is  absorbed,  the  leukocytes  in  part  return  to 
the  circulation,  while  others,  caught  in  the  fibrin  network,  soften  and  melt 
away.  Small  fragments  are  taken  up  by  the  lymphatic  cells.  When  collec- 
tions of  pus  remain  without  absorption,  or  when  necrotic  masses  occur  in  the 
nodes,  a  connective-tissue  hyperplasia  takes  place  in  their  immediate  sur- 
roundings, and  large  mononuclear  cells,  probably  the  offspring  of  the  con- 
nective-tissue cells,  form  and  ultimately  lead  to  the  formation  of  encap- 
sulating connective  tissue.  Isolated  abscesses  of  this  kind  sometimes 
calcify.  Necrotic  masses  similarly  surrounded  may  be  absorbed  and  leave 
nothing  but  cicatrices  in  the  tissue — lymphadenitis  proliferans  or  indurativa. 

Chronic  lymphadenitis  may  be  caused  by  retained  products  of  inflam- 
mation, by  tuberculosis,  syphilis,  lepra,  and  other  chronic,  specific,  infec- 
tious diseases.  It  also  results  from  progressive  pneumonokoniosis,  and  in  the 
intestine,  from  chronic  irritation  from  digestive  by-products.  From  this 
irritative  hypertrophy  of  the  nodes  considerable  induration  and  fibroconnec- 
tive-tissue  formation  may  occur. 

Tuberculosis  of  the  lymphatic  nodes  sometimes  occurs  as  a  primary 
hematogenous  infection.  As  a  rule,  however,  the  tubercle  bacilli  are  carried 
to  the  node  by  the  afferent  lymph-vessels,  so  that  the  disease  is  secondary  to 
some  neighboring  focus,  as  the  intestinal  ulcer,  which  infects  the  mesenteric 
node,  the  lung,  and  the  bronchial  nodes.  Primary  lymphogenic  tubercu- 
losis also  occurs  from  lymphogenic  infection  without  primary  disease  at  the 
point  of  bacillary  entrance.  Such  cases  are  best  illustrated  in  the  cervical 
node  infection,  which  probably  occurs  through  the  uninfected  tonsil,  in  the 
mesenteric  node  tuberculosis,  and  in  the  primary  tuberculosis  of  the  bron- 
chial nodes. 

To  the  older  clinicians  the  tuberculous  nodes  formed  part  of  the  condi- 
tion described  as  scrofulosis,  but  abundant  and  conclusive  evidence,  both 
histologic  and  experimental,  has  now  shown  the  disease  to  be  identical  with 
tuberculosis.  The  scrofulous  nodes  are  particularly  common  in  childhood, 
antedating  puberty.  Those  most  frequently  aff"ected  are  the  cervical,  mesen- 
teric, bronchial,  and  tracheal  groups.  The  nodes  are  enlarged,  sometimes 
movable  beneath  the  skin,  though  they  may  be  adherent  to  the  skin  and  to 
neighboring  glands  and  structures.  They  may  be  soft  and  caseous,  and  may 
rupture  and  discharge  externally  through  the  skin  or  into  neighboring  cavi- 
ties.    When  dissected  out   and   examined,  they  are  grayish  or  reddish  in 
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color.  There  may  be  single  tuberculous  masses  or  numerous  miliary  or  case- 
ous tubercles  scattered  throughout  the  node,  appearing  as  yellowish  or  grayish 
spots.  The  caseation  begins  in  the  central  part  of  the  tubercles  and  extends, 
as  the  tubercles  increase  in  size,  until  the  entire  substance  of  the  gland  is 
transformed  into  a  softened,  semifluid,  creamy  mass.  As  the  tuberculous 
process  advances,  distinct  signs  of  regeneration  take  place  in  the  glandular 
tissue  in  the  form  of  connective-tissue  proliferations.  These  undoubtedly 
begin  in  the  proliferation  of  the  preexisting  connective-tissue  cells  of  the 
trabeculse,  forming  large,  mononuclear,  rounded  cells,  which  seem  to  be  the 
early  form  of  the  fibroblasts  from  which  connective  tissue  is  formed,  the  sur- 
rounding tissue  being  indurated  so  as  to  shut  in  the  tubercle  and  render  its 
extension  difficult. 

The  process  either  advances  rapidly  and  is  accompanied  by  much  soften- 
ing and  degeneration,  with  infiltration  of  neighboring  tissues  and  frequent 
external  rupture,  sinus  formation,  and  slow  stellar  cicatrization,  or  is  slow 
and  accompanied  by  marked  connective-tissue  induration,  encapsulation, 
and  sometimes  calcification  of  the  tuberculous  tissue. 

Lymphatic  node  tuberculosis  is  one  of  the  most  benign  forms  of  the 
disease,  and  the  patient  frequently  recovers  perfectly.  By  continuous  exten- 
sion along  the  lymphatic  chain,  by  infecting  important  organs,  by  con- 
tinuity of  tissue,  by  intravenous  rupture,  by  systemic  distribution  of  bacilli, 
and  by  the  production  of  general  miliary  tuberculosis  the  disease  may  prove 
fatal. 

Calcification  of  tuberculous  nodes  is  common  in  the  mesentery.  Tuber- 
culosis of  the  mesenteric  nodes  was  described  by  the  older  clinicians  as  tabes 
mesenterica. 

Syphilitic  lymphadenitis  accompanies  the  secondary  stage  of  syphilis. 
If  the  primary  sore  is  situated  upon  the  genital  organs,  the  inguinal  nodes 
are  first  enlarged  {syphilitic  bubo).  The  nodes  enlarge  rather  slowly,  do  not 
coalesce  or  become  adherent  to  the  skin,  but  remain  freely  movable.  They 
usually  attain  the  size  of  a  pigeon's  egg.  In  case  the  chancre  is  a  soft  sup- 
purating sore,  the  nodes  may  suppurate,  but  in  all  probability  in  these  cases 
there  are  associated  infections  which,  rather  than  the  syphilitic  infection, 
are  responsible  for  the  suppuration.  From  these  first  affected  nodes  the  dis- 
ease gradually  spreads  until  those  of  the  entire  body  are  enlarged. 

Microscopically,  the  affection  is  characterized  by  leukocytic  infiltration, 
thickening  of  the  trabeculse,  and  proliferation  of  the  endothelial  cells  of  the 
lymph-sinuses.  The  proliferated  endothelial  cells  sometimes  take  the  form 
of  a  large-cell  hyperplasia  which  is  somewhat  characteristic.  One  of  the 
important  microscopic  features  is  that  the  vessels  of  the  lymphatic  nodes 
show  a  marked  round-cell  infiltration  in  their  walls. 

In  constitutional  syphilis  a  general  lymphatic  involvement  occurs,  the 
changes  observed  in  the  nodes  being  similar  to  those  already  described. 

In  tertiary  syphilis  gummata  of  small  size  are  frequently  observed  in  the 
lymph-nodes  in  the  immediate  neighborhood  of  organs  containing  large 
gummata.  Rarely  the  gummatous  nodes  coalesce,  undergo  the  gummy 
degeneration,  and  form  considerable-sized  masses. 

The  degenerated  tissue  characteristic  of  gumma  is  grayish,  rarely  whitish 
and  gelatinous,  and  has  a  peculiar  coarse,  band-like  form  which  differentiates 
the  disease  at  once  from  tubercle. 

Microscopically,  the  gummata  are  observed  chiefly  in  the  lymph  sinuses. 
The  lesions  have  the  usual  characteristic  appearance  and  contain  leukocytes, 
lymphocytes,  proliferated  endothelium,  etc.,  all  in  the  condition  of  fatty  and 
hyaline  degeneration. 
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Lepra,  glanders,  actinomycosis,  etc.,  with  specific  infection  of  the  lymphatic  nodes,  are 
recognized  by  their  characteristic  lesions. 

Chancroid  is  usually  accompanied  by  bubo,  or  enlargement  of  the  inguinal  lymphatic 
nodes.    The  lesions  are  suppurative.     In  them  Ducrey's  bacillus  may  be  found. 

Tumors  of  the  Lymphatic  Nodes.— Leukemia. — The  lymphatic 
form  of  leukemia  is  characterized  by  progressive  enlargement  of  the  lym- 
phatic tissues  of  the  body.  The  affection  may  begin  in  a  single  node  or  sim- 
ultaneously in  a  group,  and  gradually  spread  from  node  to  node  until  most 
of  the  nodes  of  the  body  are  affected.  There  may  also  be  lymphoid  deposits 
— as  if  metastatic — in  organs  in  which  no  lymphoid  tissue  is  normally  present. 
The  disease  is  associated  with  characteristic  changes  in  the  blood  which  make 
its  recognition  much  easier  than  would  otherwise  be  possible. 

The  enlarged  nodes  are  usually  movable  beneath  the  skin.  They  may 
not  be  much  above  the  normal  size,  or  may  be  as  large  as  hen's  eggs,  and 
form  prominent  tumors.  Macroscopically,  they  do  not  differ  in  appearance 
from  normal  lymph-nodes.  Microscopically,  the  lesion  consists  in  a  simple 
hyperplasia  of  the  gland  without  essential  peculiarities. 

Hodgkin's  disease,  pseudoleukemia,  adenia,  lymphosarcoma,  or  malig- 
nant lymphoma,  is  a  peculiar  affection  in  many  particulars  resembling  an 
infectious  disease,  in  others  resembling  a  neoplasm.  The  true  nature  of 
the  affection  has  not  been  determined. 

The  disease  occurs  in  two  chief  forms,  one  of  which  affects  single  nodes 
or  groups  of  nodes,  the  other,  all  the  nodes  of  the  body.  It  may  be  a 
chronic  affection  lasting  for  years,  or  an  acute  affection  leading  to  a  fatal 
termination  in  a  few  weeks.  The  enlarged  nodes  are  sometimes  soft,  some- 
times hard.  These  peculiarities  cause  them  to  be  described  as  acute,  chronic, 
hard,  soft,  general,  local,  etc.  Not  infrequently  they  are  called  lymphoma, 
soft  lymphomata,  and  are  characterized  by  rapid  growth  and  wide  distribu- 
tion. The  individual  nodes  may  become  as  large  as  goose-eggs,  and  be  so 
soft  as  to  fluctuate.  Neighboring  nodes  coalesce,  though  the  interglandular 
separations  usually  remain  visible.  When  incised,  the  nodes  are  very  soft 
and  permit  the  exudation  of  a  milky  fluid. 

The  hard  lymphoma  is  not  usually  so  large  and  is  firmer,  the  cut  suface 
being  grayish-white  or  yellowish.  Sometimes  the  tumors  have  a  fibrous 
appearance.  Upon  microscopic  examination  the  tissues  vary  considerably 
in  appearance.  As  a  rule,  they  closely  resemble  the  enlargements  of  leu- 
kemia— i.  e.,  they  are  simple  hyperplasias  in  which  the  stixicture  of  the 
lymphatic  node  is  altered  only  by  an  excessive  development  of  lymphade- 
noid  tissue.  The  cells  are  chiefly  large  lymphocytes,  but  eosinophile  cells 
and  very  large  cells  sprinkled  through  the  tissue  are  common. 

In  the  more  malignant  forms — soft  lymphoma — the  cells  are  often  larger, 
and  it  is  not  at  all  unusual  to  find  giant-cells  among  the  cells  of  the  tissue. 

The  soft  lymphoma  also  shows  a  disposition  to  break  through  its  capsule 
and  extend  into  the  surrounding  tissue,  thus  being  more  like  sarcoma  than 
like  leukemia  in  type. 

Tuberculosis  of  the  lymphatic  nodes  may  be  mistaken  for  lymphadenoma, 
sometimes,  however,  occurring  with  it. 

Sarcoma  of  the  lymphatic  nodes  develops  from  a  node  or  a  small  group 
of  nodes,  and  causes  the  affected  organs  to  unite  and  form  nodular  masses. 
The  tumor -soon  breaks  through  the  capsules  of  the  nodes  and  infiltration 
begins  in  the  surrounding  tissue,  with  metastasis  to  the  internal  organs.  One 
of  the  chief  characteristics  differentiating  sarcoma  from  the  lymphoma  is 
its  tendency  to  give  metastasis  to  internal  organs  without  invading  other 
lymphatic  glands.  It  may  not  be  possible  to  differentiate  the  primary 
tumors  microscopically. 


6o4 


DISEASES   OF  THE  LYMPHATIC  NODES. 


The  sarcomata  may  be  of  various  varieties,  small  round-cell,  spindle-cell, 
fibrosarcoma,  angiosarcoma,  and  alveolar  sarcoma  all  having  been  observed. 
It  seems  probable  that  the  different  forms  of  sarcoma  grow  from  different 
elements  of  the  tissue  of  the  lymph-node. 

Melanotic  sarcoma  is  rare. 

Secondary  sarcoma  of  the  lymphatic  nodes  occurs  by  lymphatic  extension 
or  by  the  conveyance  of  sarcoma  cells  through  the  lymphatic  vessels.  The 
secondary  tumor  is  like  the  parent. 

Myxoma  is  occasionally  observed  in  the  lymphatic  nodes. 

Chondroma  sometimes  occurs  secondarily  in  the  lymph-nodes  in  the 
neighborhood  of  primary  chondrous  tumors. 

Secondary  carcinoma  is  one  of  the  most  frequent  affections  of  the  lym- 
phatic glands,  and  occurs  in  the  nodes  nearest  the  seat  of  disease  in  nearly 
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Fig.  289. — Carcinoma  of  lymphatic  node,  illustrating  metastasis.  On  the  right  and  left 
glandular  tissue  with  interstitial  fibrous  change.  Through  the  center  of  the'  illustration  is  a 
widely  dilated  lymph-vessel  filled  with  cells  :  a,  a,  u,  Carcinoma  cells  freely  circulating  in  the 
lymph  ;  i,  i,  leukocytes  ;  c,  lymphocyte. 

every  case  of  carcinoma.  Its  origin  no  doubt  depends  upon  the  transfer 
of  the  carcinoma  cells  from  the  primary  seat  of  disease  to  the  glands  by  cur- 
rents of  lymph. 


DISEASES  OF  THE  THYMUS  GLAND. 

Congenital  Malformations.— The  thymus  gland  is  rarely  absent  in  otherwise  well-formed 
individuals,  Occasionally  there  are  small  accessory  thymus  glands,  usually  situated  high  up  in 
the  neighborhood  of  the  thyroid.  One  of  the  most  frequent  abnormalities  of  the  organ  is  its 
failure  to  atrophy  during  the  first  few  years  of  life,  and  its  persistence  until  puberty  or  even 
until  middle  life.  Rarely  the  thymus  gland  is  found  to  be  greatly  hvpertrophied  so  as  to 
cover  the  great  vessels  and  pericardium.  This  condition  is  occasionally  found  in'  cases  of  ' 
sudden  death. 

Hyperemia.— In  asphyxia  the  thymus  is  sometimes  found  intensely  congested  and  filled 
with  punctiform  hemorrhages.  j         a  ^^ 
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InHammation  of  the  thymus  probably  occurs  only  in  hematogenous, 
pyogenic  infection,  and  is  characterized  by  the  formation  of  small  abscesses. 
Sometimes  it  is  said  that  the  pus  accumulates  in  the  original  epithelial  spaces 
of  the  gland.  Inflammation  may  also  occur  at  times  from  extension  from 
neighboring  organs  and  tissues. 

Tuberculosis  of  the  thymus  is  rare.  It  may  assume  the  form  of  miliary 
tubercles  or  caseous  masses. 

Syphilis  of  the  thymus  is  characterized  by  gumma  formation.  The 
lesion  is  most  frequent  in  the  new-born  with  hereditary  congenital  syphilis. 

Tumors  of  the  Thymus. — From  the  lymphatic  tissue  of  the  thymus 
lymphoma  and  lymphosarcoma  occasionally  develop. 

Epithelioma  sometimes  develops  from  the  retained  and  altered  cells  of 
the  corpuscles  of  Hassell. 

DISEASES  OF  THE  BONE-MARROW. 

Although  it  can  scarcely  with  propriety  be  discussed  independently  of  the 
osseous  tissue  which  surrounds  and  pervades  it,  the  close  relation  which  the 
bone-marrow  bears  to  the  other  lymphoid  tissues  requires  brief  considera- 
tion. 

The  bone-marrow  is  a  lymphoid  tissue.  In  early  life  it  is  of  a  bright-red 
color  and  soft  consistence,  and  consists  essentially  of  cells  with  a  delicate, 
intervening  reticulum  of  connective  tissue  and  numerous  capillary  and  venous 
vessels.  The  cells  are,  for  the  most  part,  round-cells  with  bright  clear 
nuclei  of  a  vesicular  form,  or  with  indistinct  homogeneous  nuclei.  The 
bone-marrow  also  always  contains  a  large  number  of  round-cells  with  eosino- 
phile  granulations  in  their  protoplasm,  flattened  cells  somewhat  of  the  endo- 
thelial type,  large  round  adipose  cells  full  of  fat,  nucleated  and  non-nucleated 
red  blood-corpuscles,  cells  containing  red  blood-corpuscles  and  pigment,  and 
quite  a  number  of  giant-cells. 

As  the  individual  becomes  older,  the  marrow  in  the  shafts  of  the  long 
bones  undergoes  a  marked  fatty  infiltration  and  appears  bright  yellow,  while 
that  of  the  epiphyses  and  the  spongy  tissue  of  the  short  bones  maintains 
very  nearly  the  original  appearance  and  contains  very  little  fat. 

The  physiologic  function  of  the  red  marrow  is  now  generally  accepted  to 
be  hematogenesis. 

Hyperemia. — Whether  or  not  hyperemia  of  the  bone-marrow  occurs  is 
not  known.     If  so,  it  is  unimportant. 

Anemia. — The  essential  anemias  are  accompanied  by  marked  alterations 
of  the  bone-marrow.  The  most  important  change  is  seen  in  pernicious 
anemia,  where  the  fatty  tissue  of  the  marrow  is  absorbed  and  a  return  to  the 
primitive  condition  is  observed.  Instead  of  the  original  bright  red,  the  color 
is  somewhat  darker  and  appears  like  raspberry  jelly.  The  change  begins  at 
the  epiphyses  and  extends  toward  the  center  of  the  shaft  of  the  long  bones. 

In  leukemia  the  condition  is  somewhat  different,  and  the  marrow  is  more 
of  a  grayish  color,  and  is  frequently  mottled  or  speckled,  the  pale-gray  areas 
consisting  chiefly  of  leukocytes  actively  proliferating ;  the  darker  red  areas 
of  more  normal  marrow,  congested  and  extravasated.  Sometimes  the  paler 
areas  resemble  purulent  collections,  so  that  the  term  ^^ pyoid  marrow'"  is 
used  in  describing  them. 

It  is  generally  believed  that  the  bone-marrow  is  the  origin  of  the  myelo- 
cyte of  leukemia,  and  large  numbers  of  them  are  present  in  it.  More  rarely 
the  marrow  in  leukemia  is  all  red,  and  resembles  that  of  other  anemic  con- 
ditions.    Charcot-Neumann  crystals  are  frequently  found  in  the  marrow. 

The  marrow  changes  are  naturally  most  frequent  and  most  typical  in  the 
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myelogenic  form  of  leukemia.  In  the  lymphatic  form  they  may  be  purely 
the  result  of  the  secondary  anemia  present. 

Atrophy  of  the  bone-marrow  is  seen  in  senile  and  marasmatic  condi- 
tions. It  is  characterized  by  absorption  of  the  fat,  diminution  in  the 
number  of  cells,  and  not  infrequently  by  retrogressive  changes  in  the  tissue 
elements,  by  which  they  become  mucilaginous — myxomatous  (?)  degeneration. 

Hypertrophy. — The  change  in  the  bone-marrow  in  anemia  may  be 
regarded  as  a  hypertrophy.  As,  however,  it  is  more  a  return  to  the  primi- 
tive condition,  it  seems  best  to  speak  of  it  under  Anemia. 

Degenerations. — Fatty  infiltration  is  a  normal  process  which  begins  shortly  after  birth  and 
continues  up  to  about  the  sixteenth  or  eighteenth  year.  Sometimes  it  occurs  in  excess  of  the 
normal,  as  in  cases  of  obesity,  and  also  in  morbid  conditions  associated  with  imperfect  oxida- 
tion. 

Mucoid  metamorphosis  sometimes  occurs. 

Fatty  degeneration  is  seen  in  severe  infections. 

Pigmentation  is  seen  in  malaria  and  conditions  of  marked  hemolysis. 

False  pigments — soot,  coal-dust,  etc. — are  sometimes  carried  into  the  bone-raarrow  by  the 
blood,  so  forming  part  of  general  anthracosis. 

Inflammation  of  the  bone-marrow,  or  osteomyelitis,  takes  place  in 
various  of  the  specific  infectious  diseases.  The  more  severe  grades  lead  to 
abscess  formation.  The  process  is  characterized  by  the  formation  of  puncti- 
form  hemorrhages,  focal  necroses,  cellular  infiltration  of  the  walls  of  the 
blood  vessels,  and  fatty  metamorphosis  of  the  parenchyma,  with  the  libera- 
tion of  many  fatty  granules.  In  the  focal  lesions  red  blood  corpuscles  are 
absent.  The  marrow,  as  a  whole,  is  redder  than  normal  and  may  be  puru- 
lent. 

The  specific  granulomata  and  neoplasms  as  they  occur  in  the  marrow  will 
be  considered  together  with  the  Diseases  of  the  Bones. 

DISEASES  OF  THE  THYROID  GLAND. 

The  thyroid  gland,  which  in  fetal  life  is  a  compound  tubular  gland  empty- 
ing its  secretion  into  the  pharynx  through  one  or  more  ducts,  becomes  in  the 
adult  a  ductless  gland  composed  of  a  fibrovascular  stroma,  inclosing  rounded 
spaces  either  filled  with  small  epithelial  cells  or  lined  with  cuboid  epithelium 
and  containing  an  accumulation  of  colloid  secretion. 

Congenital  Malformations. — The  gland  may  be  congenitally  absent.  It  may  be  abnor- 
mally large  or  small  or  misshapen.  Not  infrequently  scattered  islands  of  thyroid  tissue  or  small 
accessory  glands  are  found.  These  are  sometimes  remotely  situated  in  the  deeper  parts  of  the 
neck  or  upper  part  of  the  chest,  are  sometimes  found  higher  up,  in  relation  with  the  tongue, 
pharynx,  larynx,  esophagus,  etc. 

Absence  of  the  thyroid  is  usually  associated  with  idiocy  and  cretinism. 

Atrophy  of  the  thyroid  gland  is  almost  constant  in  senility.  The 
gland  becomes  smaller  than  normal,  the  acini,  instead  of  being  distended 
with  secretion,  are  shrunken,  and  are  occupied  solely  by  small  masses  of 
cells.  In  some  places  the  entire  epithelium  of  the  acini  disappears.  In 
addition  to  the  atrophy  it  is  not  unusual  to  find  the  tissue  of  the  gland  in- 
durated and  even  calcified. 

Hypertrophy  of  the  thyroid  gland,  together  with  hyperplasia  of  its 
interstitial  and  glandular  tissues,  forms  the  chief  changes  in  the  interesting 
affection  known  as  goiter,  strtmia,  or  bj-onchocele.  Unfortunately,  however, 
as  so  often  happens,  this  term  has  been  rather  loosely  applied  clinically  to 
all  enlargements  of  the  gland,  and  so  includes  at  present  a  variety  of  patho- 
logic conditions  of  various  and  unknown  etiology. 

Benign  Strumse. — Hyperemic  struma,  or  goiter,  is  an  enlargement  which  depends  upon 
dilatation  of  the  blood  vessels  of  the  gland.  It  is  unaccompanied  by  important  changes  in 
the  parenchyma,  and  is  usually  a  transitory  affection,  appearing  and  disappearing  paroxysm- 
ally.     It  is  this  form  of  enlargement  that  characterizes  Grave's  disease,  Basedow's  disease,  or 
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exophthalmic  goiter.  The  tumor  may  be  telangiectatic  or  cavernous.  Interstitial  hemorrhages 
frequently  occur  and  are  not  infrequently  followed  by  necrosis.  There  is  a  growing  tendency 
to  regard  the  phenomena  of  Grave's  disease  as  depending  upon  morbid  conditions  of  the 
paratyphoid  glands  than  of  the  thyroid  gland  proper. 

Hyperplastic  or  parenchymatous  goiter,  also  called  struma  hyperplastica  follicularis  or  par- 
enchymatosa,  may  be  congenital  or  acquired.  It  depends  upon  development  of  the  already 
formed  gland  by  accumulated  secretion  within  its  acini,  or  by  extension  of  the  normal  alveoli 
by  offshoots,  so  that  the  glandular  structure  becomes  hyperplastic  without  reverting  to  the 
embryonal  type. 

The  growth  of  the  gland  is  sometimes  uniform,  affecting  the  entire  organ,  but  more  fre- 
quently is  limited  to  one  or  the  other  lobe  or  isthmus ;  or,  being  irregularly  distributed,  causes 
an  irregular  nodular  enlargement.  The  organ  may  be  several  times  the  normal  size,  in  some 
cases  even  attaining  the  size  of  a  child's  head. 

Microscopically,  the  hyperplastic  glandular  tissue  varies  in  appearance  according  to  its  con- 
dition. Parts  of  the  tissue  that  consist  of  sohd  substances— that  is,  small  acini  full  of  epithe- 
lial cells — present  a  yellow  color,  while  the  areas  in  which  the  alveoli  are  distended  with  col- 
loid substance  are  reddish,  translucent,  and  homogeneous.  In  the  same  gland  both  kinds  of 
tissue  are  often  noticed,  and  great  irregularity  exists  as  to  the  extent  of  the  colloid  accumula- 
tion in  neighboring  alveoli,  some  being  distended,  others  containing  only  a  drop  of  the  secre- 
tion. 

Fibrous  Struma. — It  not  infrequently  happens  that  the  goiter  consists  chiefly  of  con- 
nective tissue.  This  may  gradually  develop  by  growth  of  preexisting  connective  tissue,  or 
may  talce  place  subsequently  to  the  not  infrequent  interstitial  hemorrhages  which  undergo  the 
usual  retrogressive  changes  and  are  slowly  replaced  by  hyaline  fibrous  tissue.  Macroscopic- 
ally  the  growth  is  rounded  or  nodular,  hard,  firm,  and  offers  resistance  to  the  linife  in  cutting. 
The  cut  surface  shows  chiefly  fibrous  tissue,  and  is  frequently  calcified  (struma petrificans),  and, 
according  to  Forster,  sometimes  ossified.  The  tumors  at  times  present  a  peculiar  radiated 
appearance,  as  if  the  fibers  extended  toward  the  periphery  from  some  central  fibrous  nucleus. 
Hyaline  degeneration  of  both  connective  tissue  and  blood  vessels  is  very  common  in  this 
goiter,  and,  together  with  the  loss  of  the  epithelium,  may  transform  the  tissue  into  a  hyaline 
spongy  mass  with  rounded  cavities  filled  with  clear  fluid. 

Adenomatous  Struma. — This  form  of  goiter  is  on  the  border-line  between  struma  and  neo- 
plasm. It  is  correct  to  describe  only  those  cases  as  adenoma  in  which  the  growth  forms  a 
circumscribed  mass  in,  but  separate  from,  the  gland.  Unfortunately,  however,  in  the  thyroid 
there  seems  to  be  no  sharp  line  dividing  such  circumscribed  tumors  from  peculiar  rapid  hyper- 
plastic conditions  of  the  parenchyma  in  which  there  is  a  combination  of  general  enlargement, 
rapid  growth  of  the  alveolar  structure,  and  an  atypical  vascular  apparatus. 

Cystic  or  Colloid  Qoiter. — Cysts  are  observed  in  various  forms  of  goiter.  Their  formation 
usually  depends  upon  an  unnatural  accumulation  of  secretion  in  groups  of  alveoli,  the  walls  of 
which  atrophy  and  disappear,  permitting  the  colloid  contents  to  form  a  cyst.  Such. cysts  are 
quite  common,  and  may  be  numerous  in  the  parenchymatous  and  adenomatous  strumas. 
"They  are  usually  about  the  size  of  a  pea,  but  may  be  as  large  as  a  pigeon's  egg,  or  in  excep- 
tional cases  as  large  as  a  man's  fist.  The  contents  much  resembles  calves'-foot  jelly,  but  may 
be  more  fluid  or  more  solid,  or  may  be  discolored  by  bloody  extravasations.  The  colloid  sub- 
stance is  slightly  yellowish  or  honey-like  ;  it  may  be  colorless.  The  cysts  may  contain  a  mix- 
ture of  colloid  substance,  fat,  and  lime-salts ;  pus  may  be  added  to  their  contents. 

Inside  of  the  cysts  small  papillary  projections  {proliferous  cysts)  occasionally  occur  ;  as  a 
rule,  however,  the  cysts  have  smootli  walls. 

Cysts  also  form  in  the  thyroid  as  the  result  of  blood  extravasations  and  anemic  necroses. 
The  walls  of  these  cysts  consist  of  indurated  connective  tissue,  while  the  contents  vary  accord- 
ing to  the  age  and  changes  incident  to  the  tissue  destruction. 

Myxomatous  Goiter. — In  the  fibrous  struma  myxomatous  degeneration  is  rather  less  fre- 
quent than  hvaline.     It  is  recognized  by  its  usual  characteristics. 

Malignant  strumce  all  depend  upon  malignant  tumors  of  the  thyroid  gland.  The  goiter  is 
a  growth  accompanied  by  important  secondary  effects  upon  the  sufferer.  These  are  partly 
mechanical  and  partly  physiologic.  Of  the  mechanical  effects  must  be  mentioned  compression 
and  stenosis  of  the  trachea  by  bilateral  enlargements ;  passive  congestion  and  edema  from 
pressure  upon  the  large  veins  ;  irregularities  of  arterial  circulation  in  the  carotid  arteries ; 
cardiac,  pulmonary,  and  laryngeal  disturbances  from  pressure  upon  the  vagi,  recurrent  laryn- 
geal, and  sympathetic  nerves. 

"The  excessive  secretion  and  absorption  or  deficiency  of  the  thyroid  secretion  bring  about 
changes  of  nutrition  and  innervation,  and  may  lead  to  a  pecuhar  systemic  affection  known  as 
cachexia  strumipriva. 

Etiology. — The  cause  of  goiter  is  unknown.  It  seems  to  be  endemic  in 
certain  localities,  and  is  much  more  frequent  in  high  altitudes  than  in  low- 
countries.  It  is  of  frequent  occurrence  in  Switzerland,  and  is  said  to  be 
more  common  in  Michigan  than  in  any  other  part  of  the  United  States.  It 
probably  has  no  connection  with  drinking-water,  as  was  once  supposed.  A 
few  cases  may  seem  to  find  their  origin  in  arterial  or  venous  hyperemia,  as  in 
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pregnancy,  heart  disease,  exophthalmic  goiter,  violent  physical  exertion, 
mountaineering,  etc.  . 

It  is  interesting  to  observe  that  cretinism  and  goiter  have  much  in  com- 
mon, and  that  where  the  one  disease  is  frequent,  the  other  is  almost  sure  to 
be  found.  About  60  per  cent,  of  cretins  have  congenital  goiter.  Goiter 
may  occur,  however,  without  cretinism. 

That  the  thyroid  exerts  a  marked  influence  upon  the  nutrition  of  the 
body  is  abundantly  shown  by  the  results  of  surgery  and  experiment.  It  is 
found,  however,  that  a  small  fragment  of  thyroid  tissue  is  sufficient  to  pre- 
vent the  occurrence  of  the  nervous  and  nutritive  disturbances  (tetany, 
epileptiform  convulsions,  loss  of  intellectual  power,  stupor,  and  cachexia). 

When  the  thyroid  is  removed  or  seriously  diseased,  the  hypophysis  cerebri 
usually  hypertrophies,  as  if  to  carry  on  a  compensatory  function. 

Amyloid  disease  of  the  thyroid  gland  occurs  only  in  general  amyloid 
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Inflammation  [thyroiditis)  may  result  from  traumatism  or  infection, 
and  may  be  mild  and  of  short  duration,  or  suppurative  and  highly  destruc- 
tive. The  abscesses  contain  a  mixture  of  pus,  colloid  matter,  etc.  The 
termination  may  be  by  rupture,  with  escape  of  pus  into  the  surrounding 
tissues,  or  by  encapsulation,  gradual  absorption,  and  ultimate  calcification 
of  the  exudate. 

Occasionally  thyroid  abscesses  perforate  into  the  larynx,  trachea,  esopha- 
gus, pleura,  mediastinum,  etc.,  in  each  case  followed  by  subsequent  changes 
peculiar  to  the  affected  tissues. 

Gangrenous  inflammation  of  the  thyroid  is  sometimes  seen  in  cases  of 
carcinoma  with  infection. 

A  mild  degree  of  inflammation  also  frequently  accompanies  the  infec- 
tious diseases,  especially  typhoid  fever.     It  usually  heals  by  absorption. 

The  more  severe  infections  sometimes  depend  upon  inflammation  of 
neighboring  tissues,  as  in  diphtheria,  or  upon  hematogenous  distribution  of 
bacteria,  as  in  pyemia,  malignant  endocarditis,  wound  infection,  and  the 
like. 

Tuberculosis  of  the  thyroid  is  unusual.  It  was  found  by  Chiari  in  7  per  cent,  of  the 
cases  he  studied.     Miliary  tuberculosis  of  secondary  origin  is  the  usual  forra. 

Syphilis  is  also  rare  in  the  thyroid  gland.  Demune  and  Birch-Hirschfeld  have  described 
gummatous  nodes  the  size  of  a  pea,  usually  in  the  glands  of  new-born  infants  and. in  combina- 
tion with  gummata  of  other  organs. 

Actinomycosis  has  been  observed  in  the  thyroid  gland. 

Parasites. — Echinococcus  cysts  have  been  observed  in  the  thyroid. 

Tumors  of  the  Thyroid  Gland. — Fibroma  in  the  form  of  circum- 
scribed nodular  growths  is  easily  differentiated  from  the  fibrous  struma,  and 
is  rare. 

Sarcoma  is  more  frequent.  Various  forms  are  described — round-cell, 
spindle-cell,  giant-cell,  fibrosarcoma,  alveolar  sarcoma,  and  angiosarcoma. 
The  round-cell  sarcoma  is  probably  most  frequent.  The  tumors  usually 
originate  as  circumscribed  growths,  but  soon  show  some  disposition  to 
spread.  A  case  which  I  have  examined  remained  local  for  five  years  and 
was  then  removed. 

It  is  declared  by  Wolfler  that  muscle-fibers  may  be  contained  in  some  of 
the  sarcomata,  suggesting  that  they  are  of  teratoid  nature. 

Carcinoma  is  the  most  frequent  primary  tumor  of  the  thyroid  gland.  It 
is  usually  soft  and  medullary,  but  may  be  hard,  and  forms  an  irregular  nodu- 
lar mass  which  may  be  as  large  as  a  child's  head.  It  may  grow  from  any 
part  of  the  gland,  and  may  gradually  fade  away  into  normal  glandular  tissue, 
or  the  entire  thyroid  gland  may  be  transformed  into  carcinoma.  The  tumor 
usually  grows  from  an  already  existing  goiter.     Metastasis  is  not  infrequent. 
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and  not  rarely  the  disease  penetrates  neighboring  structures,  causing  carcino- 
matous infiltrations  or  becoming  infected  itself. 

Microscopically,  the  tumor  corresponds  to  the  adenocarcinoma,  some- 
times to  the  cylindric  epithelioma.  Squamous  epithelioma  is  mentioned  by 
Ziegler,  with  the  statement  that  it  is  very  rare. 

Colloid  changes  in  the  cells  of  the  thyroid  carcinoma  are  very  frequent. 

Secondary  carcinomata  are  frequently  observed  in  the  thyroid  when  car- 
cinoma of  neighboring  organs  exists. 

Adenoma  can  be  recognized  as  such  only  when  occurring  as  a  circum- 
scribed node,  otherwise  it  is  impossible  to  separate  it  from  the  glandular 
hyperplasia. 

DISEASES  OF  THE  HYPOPHYSIS  CEREBRI  OR  PITUITARY  BODY. 

The  hypophysis  consists  of  two  lobes :  The  anterior  larger  lobe,  which  is  a  peculiarly  con- 
structed epithelial  gland  derived  in  the  period  of  embryonal  development  from  tissues  of  the 
digestive  tract,  resembles  the  structure  of  the  thyroid  slightly ;  the  posterior  smaller  lobe  con- 
sists solely  of  neuroglia,  and  is  derived  from  the  tissue  of  the  middle  cerebral  vesicle. 

Hypertrophy. — Hypertrophy  of  the  pituitary  body,  by  which  it  attains 
the  size  of  a  pigeon's  egg,  is  infrequent.  It  may  give  rise  to  no  symptoms, 
or  may  accompany  acromegaly,  cretinism,  myxedema,  and  other  affections. 
It  is  said  that  when  the  thyroid  gland  is  diseased  or  excised,  the  pituitary 
sometimes  enlarges  to  three  times  its  normal  size,  as  if  taking  on  a  vicarious 
function.  The  enlarged  organ  shows  an  unusual  amount  of  colloid  substance 
in  the  acini. 

Inflamination  of  the  hypophysis  is  rare.  It  is  usually  acute  and  may 
be  suppurative.  It  results  from  inflammations  of  neighboring  parts  by  exten- 
sion through  the  lymphatics.  It  may  also  be  of  hematogenous  origin. 
Chronic  inflammation  is  sometimes  associated  with  thickening  of  the  basilar 
portion  of  the  dura.  In  such  cases  the  gland  is  held  in  its  position  in  the 
sella  turcica  by  unusually  and  abnormally  resisting  thickened  dural  tissue. 
The  gland  may  atrophy  or  may  be  abnormally  fibrous  in  consequence. 

Tuberculosis  and  syphilis  of  the  hypophysis  are  rare,  and  are  char- 
acterized by  the  presence  of  tubercles  and  gummata. 

Tumors. — The  most  frequent  tumor  of  the  hypophysis  is  the  sarcoma. 
It  usually  forms  nodular  fumors  which  sometimes  seem  to  develop  from 
the  capsule.  The  tumors  are  of  mild  malignancy,  and  though  they  infiltrate 
and  destroy  the  hypophysis,  they  rarely  infiltrate  surrounding  tissues  and 
never  give  metastasis.  The  tumor  may  be  either  round-cell  or  spindle-cell 
sarcoma. 

Angiosarcoma  is  occasionally  observed. 

Adenoma  is  also  a  frequent  tumor  of  the  hypophysis,  and  seems  to  be  the 
growth  most  frequently  associated  with  acromegaly.  It  causes  a  universal 
enlargement  of  the  hypophysis,  with  complete  atrophy  of  the  posterior  lobe, 
and  transforms  the  gland  into  a  mass  of  elongate  and  branched  tortuous 
tubes.  It  is  not  easy  to  diff'erentiate  between  the  adenoma  and  glandular 
hypertrophy. 

Lipoma  of  the  hypophysis  is  very  rare. 

Teratoid  tumors  are  not  infrequent. 

Cysts  of  the  hypophysis  are  usually  formed  by  retention  of  the  colloid 
substance.  They  occur  in  the  gland  and  in  adenoma.  The  cysts  may 
become  as  large  as  hens'  eggs.  The  hypophysis  normally  contains  a  rounded 
space  of  small  size,  lined  with  ciliated  epithelium.  This  space  is  most 
prone  to  cystic  dilatation. 

Pathologic  enlargements  of  the  pituitary  body  may  occasion  blindness  by 
pressure  upon  the  optic  tracts  and  commissure. 
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DISEASES  OF  THE  ADRENAL  BODIES. 

Congenital  Malformations. — The  adrenal  bodies  are  very  rarely  absent.  Occasionally 
they  are  abnormally  small  or  abnormally  divided,  so  that  fragments  of  their  structure  are 
adherent  to  or  inclosed  in  the  tissue  of  the  kidney  (hypernephroma)  and  of  the  liver ;  or  the 
fragments  are  scattered  about  the  neighborhood  of  the  kidney  or  in  the  ligaments  of  the 
uterus.  Instead  of  scattered  fragments,  there  may  be  well-formed  accessory  adrenals.  The 
organs  rarely  become  diseased,  though  when  the  disease  is  marked,  interesting  pigmentations 
of  the  skin  may  be  observed ;  and  it  is  now  accepted  that  the  physiologic  office  of  these 
organs  is  to  regulate  the  pigment  production  of  the  body. 

Degenerations. — Fatty  degeneration  is  very  common  in  the  adrenal. 
It  gives  the  gland  a  lemon-yellow  color  and  softened  consistence,  and  may 
so  alter  its  structure  that  the  medullary  substance  seems  to  melt  away  and 
transform  the  organ  into  a  thin-walled  sac.  The  wall  consists  of  cortical 
substance  infiltrated  with  fat  and  partly  degenerated.  The  cavity  is  lined 
with  soft  reddish  detritus  from  cellular  destruction.  The  cause  of  the  con- 
dition is  unknown.  It  probably  is  clinically  of  little  importance,  being 
found  very  frequently  where  little  suspected.  Postmortem  changes  may 
contribute  to  intensify  the  softening  of  the  medullary  substance. 

Amyloid  disease  is  known  only  in  the  adrenal  as  a  part  of  general  amyloid  disease.  It 
attacks  the  parenchyma  very  slightly,  if  at  all,  but  brings  about  atrophy  by  pressure.  The 
disease  affects  the  blood  vessels  and  connective-tissue  framework,  but  does  not  seem  to  affect 
the  function  of  the  organ  even  when  far  advanced. 

Pigmentation  occurs  in  senility.  It  usually  affects  the  deeper  cells  of  the  cortex,  which 
appear  of  a  diffuse  yellow  color  from  the  presence  of  fine  granules. 

Hemorrhage  of  the  adrenals  is  very  unusual.  It  may  depend  upon  circulatory  and  trau- 
matic causes  and  may  attain  considerable  size.  The  blood  may  be  absorbed,  may  become 
encysted,  or  may  be  followed  by  induration  and  calcification. 

inflammation  of  the  adrenal,  except  the  specific  infectious  varieties,  must  be  very  rare. 
It  is  probably  always  of  hematogenous-  origin,  and  is  secondary  to  other  infectious  processes. 
Ziegler  speaks  of  its  termination  as  suppuration  and  cicatrization. 

Syphilis  rarely  occurs,  but  usually  assumes  the  form  of  gumma.  Round-cell  infiltrations 
and  vascular  changes,  together  with  indurations,  are  also  observed. 

Tuberculosis  is  an  important  and  not  uncommon  disease  of  the 
adrenal.  In  the  form  of  miliary  tuberculosis  it  is  not  infrequent  in  cases  of 
advanced  pulmonary  disease.  The  miliary  tubercles  are,  however,  unim- 
portant and  small. 

Primary  caseous  tuberculosis  of  the  adrenals  is  probably  the  most  com- 
mon lesion  associated  with  Addison's  disease. 

The  organs  are  enlarged,  are  surrounded  by  a  thickened  capsule,  and 
have  an  irregular  nodular  surface.  Upon  section,  the  cheesy  masses  charac- 
teristic of  tuberculosis  are  observed.  Not  only  are  cheesy  masses  found,  but 
cavities  filled  with  curdy  pus  are  also  frequently  seen.  Indurations,  and  in 
infrequent  cases  calcified  areas,  occur. 

The  lesion  may  be  unilateral,  but  is  usually  bilateral.  It  is  not  always 
primary,  as  cheesy  tubercles  may  occur  in  pulmonary  and  intestinal  tubercu- 
losis. 

Tumors  of  the  Adrenals. — Sarcoma  occurs  not  infrequently.  The 
gland  may  be  entirely  destroyed. 

Adenoma  and  carcinoma  also  occur.  Both  sarcoma  and  carcinoma  may 
be  associated  with  Addison's  disease. 

Glioma  and  neuroma  have  been  described.  Both  are  rare  and  rather 
doubtful  tumors. 

Secondary  sarcoma  and  carcinoma  are  not  uncommon. 


CHAPTER  VII. 
DISEASES  OF  THE  MOTOR  APPARATUS. 

THE  BONES. 

While  to  all  appearances  the  bones  remain  structurally  stationary  during 
the  years  between  adolescence  and  senility,  they  are  in  reality  subject  to 
continual  alterations  in  size,  strength,  shape,  density,  and  composition. 
The  bones  of  youth  contain  proportionally  more  organic  and  less  mineral 
substance  than  those  of  age,  and  are  more  resilient ;  the  bones  of  the  period 
of  life's  greatest  activity  are  shapely  and  marked  by  conspicuous  ridges  and 
processes,  each  of  which  has  some  definite  anatomic  or  physiologic  reason 
for  its  existence,  but  which  at  once  begins  to  disappear  when  activity  is 
diminished.  Thus,  the  alveolar  processes  of  the  maxillary  bones  are  espe- 
cially designed  to  support  the  teeth  and  maintain  their  integrity  while  teeth 
are  present,  but  are  soon  absorbed  and  smoothed  over  when  the  teeth  are 
lost.  The  regulation  of  this  formation  and  destruction  of  the  osseous  tissues 
is  naturally  subject  to  some  kind  of  nervous  regulation  not  yet  understood, 
but,  so  far  as  can  be  seen,  depends  upon  the  activity  of  two  cells — the  osteo- 
blasts, or  bone-formers,  and  the  osteoclasts,  myeloplfixes,  or  bone-destroyers. 

The  bones  are  either  long,  short,  or  flat.  The  short  bones,  the  flat  bones, 
and  the  epiphyseal  ends  of  the  long  bones  consist  of  spongy  tissue,  the  shafts 
and  surfaces  of  solid  compact  structure.  They  are  either  of  cartilaginous  or 
of  membranous  origin.  The  epiphyseal  ends  originate  from  separate  centers 
of  ossification,  and  are  separated  from  the  shaft  by  cartilage  as  long  as  the 
bone  has  not  yet  attained  its  full  length,  the  growth  of  the  long  bones 
depending  upon  this  cartilaginous  mass.  During  the  growth  of  the  bone 
the  osteoblasts  are  working  away  vigorously  on  the  outside  to  deposit  new 
lamellae,  and  the  osteoclasts  are  working  with  equal  vigor  on  the  inner  side 
to  destroy  and  remove  the  old  tissue. 

Diseases  of  the  bones  may,  therefore,  depend  upon  excessive  or  inade- 
quate growth,  excessive  destruction,  suspension  of  elongation,  failure  of  the 
epiphyses  to  unite,  tendency  of  the  epiphyseal  cartilages  to  overgrowth,  as 
well  as  upon  inflammation,  infection,  specific  granuloma,  neoplasms,  etc. 
One  very  important  pathologic  condition  not  seen  in  any  other  organ  is 
fracture,  which  is  very  common,  especially  in  the  long  bones. 

Congenital  Malformations. — There  are  no  known  cases  of  absence  of  all  the  bones.  It 
occasionally  happens,  however,  that  certain  bones  are  absent ;  thus,  cases  are  on  record  in 
which  there  was  total  absence  of  both  clavicles,  of  both  radii,  of  both  bones  of  the  forearms, 
etc. 

General  hypoplasia  of  all  the  bones,  but  chiefly  of  the  long  bones  of  the  extremities,  is 
seen  in  dwarfs  (microsomia).  If  the  hypoplasia  is  confined  to  the  limbs  alone,  the  condition  is 
described  as  micromelia  ;  if  confined  to  the  cranium,  microcephalia. 

The  causes  of  osseous  hypoplasia  are  summed  up  by  Schmaus  to  depend  upon — (i)  In- 
sufficient development  of  the  epiphyseal  cartilages  in  the  long  bones  and  of  the  ossifying  con- 
nective tissue  at  the  edges  of  the  flat  bones ;  (2)  premature  ossification  of  the  same  tissues,  by 
which  subsequent  growth  is  rendered  impossible. 

Acquired  Malformations. — One  of  the  most  common  causes  of  acquired  malformation  of 
the  bone  is  a  peculiar  irregularity  of  structural  development  known  as  rachitis. 
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Rachitis  {Rickets). — Rachitis  is  a  constitutional  and  nutritional  disorder, 
with  osseous  lesions  characterized  by  deficient  calcification  and  increased 
absorption  of  the  bones,  which,  in  consequence,  are  permanently  altered  in 
size  and  shape.  All  parts  of  the  skeleton  are  affected.  The  bones  are 
usually  shortened,  thickened,  rarefied,  curved,  and  twisted.  The  rarefied 
condition  is  most  distinctly  seen  in  the  epiphyseal  ends  of  the  long  bones, 
which  become  considerably  enlarged. 

Etiology. — The  disease  is  not  infrequently  congenital,  and  seems,  at 
times,  to  be  hereditary.  The  exciting  cause  is  unknown,  except  that  it 
seems  to  be  a  frequent  result  of  malnutrition,  bad  hygiene,  and  the  like.  It 
is  most  common  among  the  poor,  and  is  very  frequent  in  those  countries  in 
which  there  are  many  poor.  In  the  congenital  form  the  causes  mentioned 
probably  operate  upon  the  child  through  the  mother.  The  disease  affects 
both  sexes  alike.     When  acquired,  the  disease  appears  before  puberty.     It  is 


Fig.  290.— Rachitic  thorax.    The  bead-like  enlargements  at  the  costochondral  junctions  are 

well  shown  (Orth). 

usually  evident  in  the  first  or  second  years  of  life,  but  according  to  some 
authorities,  may  be  delayed  to  the  tenth  year.  In  cases  that  live  beyond 
puberty,  the  disease  recovers,  but  the  deformities  persist.  Dentition  is  irreg- 
ular and  delayed. 

Morbid  Anatomy. — The  most  characteristic  deformities  produced  by 
rachitis  are  a  peculiar  square  shape  of  the  head,  which  is  large  in  proportion 
to  the  body.  The  forehead  is  high  and  prominent,  and  the  fontanels  long 
remam  unclosed.  The  anterior  fontanel  often  remains  open  for  four  years 
mstead  of  the  normal  twenty  months.  Sometimes  there  is  failure  of  ossifi- 
cation or  perhaps  absorption  of  osseous  substance  in  local  areas  of  the 
cranmm  {craniotabes).  This  is  seen  only  in  infants.  The  chest  is  almost 
always  changed  to  a  "pigeon-breast''  form  with  a  decided  keel  in  front  and 
transverse  grooves  on  the  level  of  the  ensiform  cartilage.  The  end  of  each 
rib  at  the  junction  with  the  costal  cartilage  is  enlarged,  so  that  a  series  of 
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little  bead-like  growths  descend  the  chest  along  the  costochondral  junctions, 
forming  what  is  sometimes  called  the  rachitic  rosary.  The  clavicles  may  be 
abnormally  curved  and  thickened  at  their  ends. 

The  spinal  column  in  rachitis  may  escape  deformity  unless  the  disease  is 
very  marked,  when  lordosis  or  kyphosis  occurs  and  intensiiies  the  normal 
curves.  The  pelvis  suffers  a  deformity  well  known  to  the  obstetrician  as  the 
rachitic  flat  pelvis.  The  anteroposterior  diameter  is  markedly  diminished, 
and  the  ilia  are  separated  more  widely  than  normal.  The  deformity  results 
from  a  combination  of  muscular  tension  and  the  weight  of  the  body. 

The  deformity  of  the  long  bones  varies  with  the  age  of  the  patient,  the 
duration  of  the  disease,  and  the  movements  and  muscular  efforts  made. 
Patients  with  rachitis  usually  walk  late  and  hence  sit  a  great  deal.  The  re- 
sult is  that  the  tibisE  and  fibulae  are  usually  considerably  curved,  the  con- 
vexity being  outward.  The  femur,  on  the  other  hand,  is  curved  anteriorly 
and  externally.  The  patient  being  weak,  supports  himself  in  the  sitting 
posture  with  his  hands ;  hence  the  humerus  and  bones  of  the  forearm  also 
become  deformed,  while  probably  the  greatest  enlargement  of  the  epiphy- 
seal unions  is  observed  in  the  radius  and  ulna. 

The  microscopic  appearances  of  rickets  are  quite  characteristic,  and  are 
best  observed  at  the  articular  extremities  of  the  long  bones,  though  discover- 
able in  all  parts  of  the  skeleton.  At  the  articular  end  of  the  bone,  where 
the  diaphysis  joins  the  epiphysis,  instead  of  a  narrow  distinct  white  line, 
one  finds  an  enlargement  consisting  of  porous,  irregularly  formed  bone  in 
which  there  is  a  widely  separated,  plexiform  or  fibrillar  arrangement  of 
osteoid  substanced  eficient  in  lime-salts.  These  areas  alternate  with  others 
of  irregular  ossification.  The  marrow  is  chiefly  of  the  red  variety,  and  re- 
sembles that  of  the  fetus.  It  occupies  greatly  exaggerated  spaces  in  the 
rarefied  bone.  Next  to  the  well-vascularized  growing  cartilage  of  the  epi- 
physis there  is  a  zone  of  osteoid  tissue  in  which  the  bony  partitions  inclose 
cartilaginous  islets.  This  zone  may  be  wide  (15  mm.),  and  is  well  supplied 
with  vessels.  The  osteoid  partitions  have  an  entirely  different  appearance 
froth  the  normal,  and  between  them  are  accumulations  of  spindle  and  irregu- 
lar cells  with  occasional  round-cells.  Farther,  out  the  calcification  begins, 
always  in  the  center  of  the  osteoid  partitions. 

The  irregular  growth  and  rarefaction  of  the  bones  give  them  a  pronounced 
predisposition  toward  bending  and  fracture,  especially  of  the  green-stick 
variety,  while  the  continued  pressure  exerted  by  the  weight  of  the  body  pro- 
duces permanent  deformities. 

With  increasing  years  and  strength  and  with  improved  diet  the  conditions 
ameliorate,  more  bone  is  calcified,  and  ultimately  the  short,  thick,  curved 
bones  become  sufficiently  solid  to  support  the  body  satisfactorily.  Their 
curves  and  irregularities,  however,  persist.  '        ' 

Osteomalacia,  or  halisteresis,  is  an  acquired  disease  of  the  bones  of  un- 
known origin. 

Etiology. — It  usually  affects  adult  individuals  of  the  female  sex,  though  it 
is  also  sometimes  seen  in  males.  It  is  most  frequent  among  the  poorer 
classes,  and  is  sometimes  referred  to  insufficient  and  vegetable  diet.  Preg- 
nancy, rheumatism,  infection,  intoxication,  etc.,  all  have  been  blamed  for 
its  development.  It  is  more  frequent  along  the  Rhine  River  and  in  central 
Germany  than  elsewhere. 

Morbid  Anatomy. — The  disease  is  characterized  by  a  soft,  plastic  condition 
of  the  bones,  which  depends  upon  the  replacement  of  the  original  calcified 
osseous  tissue  with  a  new  uncalcified  osteoid  tissue.  It  is  thought  by  some 
that  the  presence  of  lactic  acid  in  the  blood  has  something  to  do  with  it  by 
aiding  solution  of  the  salts,  but  it  cannot  be  proved. 
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The  disease  usually  lasts  for  years,  during  which  time  the  bones  are  sub- 
ject to  frequent  fracture  and  increasing  deformity,  while  the  patient  becomes 
more  and  more  feeble  and  adynamic,  until  a  profound  cachexia  comes  on. 
The  patients  may  die  of  exhaustion,  but  much  more  commonly  succumb  to 
pneumonia  or  some  other  intercurrent  affection. 

The  bones  in  osteomalacia,  in  spite  of  their  limeless  character,  usually 
retain  their  lamellar  arrangenient,  and  their  external  and  internal  construc- 
tion^ are  alike  histologically  unchanged,  except  that  the  great  mass  of  the 
bone  is  decalcified.  The  decalcification  of  the  bone  usually  begins  at  the 
periphery  and  extends  toward  the  center.  The  altered  bone  appears  homo- 
geneous, sometimes  fibrous.     The  lamellar  arrangement  may  be  distinctly 

visible.  Some  of  the  lacunar  cells  remain 
after  decalcification,  but  many  die.  No 
doubt  the  persistence  of  the  decalcified 
bony  tissue  for  a  long  time  in  an  unaltered 
condition  indicates  that  it  is  capable  of 
repair  should  the  prevailing  conditions  dis- 
appear. When,  however,  the  disease  goes 
on  progressing,  the  osteoid  substaiice  melts 
away  and  increases  the  spaces  between  the 
columns  of  bony  tissue. 

At  times  halisteresis  is  local,  as  in  the 
neighborhood  of  tumors,  but,  as  a  rule,  it 


Fig.  391. — Osteomalacic  thorax, 
showing  an  extreme  degree  of  de- 
formity of  the  ribs  and  sternum 
(Orth). 


Fig.  292. — Osteomalacic  pelvis,  showing  the  dimin- 
ished capacity  of  the  pelvic  cavity  and  the  beak-like  pro- 
jection of  the  pubes  (Orth). 


is  a  wide-spread  affection  of  the  entire  skeleton.  The  general  disease  only 
is  correctly  called  osteomalacia. 

The  ordinary  form  of  osteomalacia  begins  in  the  spinal  column  and  thorax, 
and  spreads  to  the  bones  of  the  limbs  and  head. 

The  marrow  of  the  osteomalacic  bones  is  usually  congested,  and  may  be 
hemorrhagic  or  pigmented,  from  previous  hemorrhages. 

The  bones  become  soft  and  can  easily  be  broken  or  cut.  Sometimes 
rtiere  IS  only  a  rind  of  osseous  tissue  surrounding  a  fully  decalcified  bone. 
1  he  bones  become  curved  and  shortened.  Frequent  fractures  occur  from 
slight  injuries  and  serve  to  deform  the  bone.  Kyphosis,  lordosis,  and 
scoliosis  all  occur  in  the  spinal  column. 
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Probably  the  most  interesting  and  important  changes  occur  in  the  pelvis, 
which,  being  subjected  to  downward  pressure  of  the  spinal  column  and  upward 
pressure  of  the  thighs,  yields,  both  in  its  anteroposterior  and  anterolateral 
diameters.  The  first  effect  of  this  pressure  is  the  descent  of  the  sacrum  to- 
ward the  pubes  and  ischii,  greatly  reducing  the  anteroposterior  diameter  ;  the 
second,  the  elevation  of  the  pubes  from  the  pressing  of  the  thighs  upward 
and' inward,  causing  the  symphysis  and  horizontal  rami  to  project  anteriorly 
like  a  beak,,  and  allowing  the  acetabula  to  be  brought  much  nearer  together 
than  normal.  The  deformity  transforms  the  cavity  of  the  pelvis,  so  that 
when  seen  from  above,  it  has  somewhat  the '  shape  of  a  three-leafed  clover. 
With  a  pelvis  of  this  kind  child-birth  may  be  impossible. 


Fig.  293. — Lateral  curvature  of  the  spine 
(scoliosis)  (White). 


Fig.  294. — Pott's  disease  of  the  spine 
(spondylitis)  with  kyphosis  or  posterior 
curvature  (White). 


Hyperemia  of  the  bones  is  characterized  by  redness  of  the  periosteum,  which  is  also  swollen. 
The  spongy  substance  is  brownish  or  bluish-red  in  color,  and  bleeds  when  cut ;  the  compact 
substance  is  slightly  reddish. 

Thrombosis  in  the  nutrient  vessels  of  the  bones  occurs  in  consequence  of  necrosis  and 
other  diseased  conditions.  The  anastomoses  are,  however,  so  frequent  that  no  distinct  damage 
results. 

Hemorrhage  from  the  periosteal  and  other  vessels  occurs  in  consequence  of  traumatism, 
especially  fracture  of  the  bones.  Small  hemorrhages  are  usually  rapidly  absorbed,  and,  unless 
infected,  dp  little  harm.  Hemorrhages  between  bone  and  periosteum  may  cause  superficial 
necrosis  by  dissecting  up  the  membrane. 

Caries  of  the  bone  with  laceration  or  erosion  of  the  vessels  sometimes  occurs,  but  the 
resulting  hemorrhage  is  unimportant. 
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Scurvy  and  infectious  and  toxic  diseases  sometimes  cause  hemorrhages  of  small  size  in  the 
medullary  substance. 

One  of  the  most  interesting  subperiosteal  hemorrhages  occurs  in  the  new-born  babe,  and  is 
known  as  cephalohematoma.  It  is  usually  observed  upon  the  parietal  bone,  and  corresponds 
to  the  presenting  area  of  the  cranial  surface  that  was  not  pressed  upon  by  the  uterine  tissues — 
that  is,  corresponded  to  the  os.  It  is  seen  only  in  protracted  labors.  Rarely  the  condition  is 
double,  when  one  side  probably  corresponds  to  the  os  uteri,  the  other  to  an  obturator  fora- 
men. The  pericranium  is  dissected  up  for  a  circle  as  large  as  a  silver  dollar,  and  forms  with 
the  scalp  a  projecting  tumor  which  always  escapes  the  sutures.  The  elevated  periosteum 
begins  the  formation  of  new  bone  at  its  edges,  before  the  blood  can  be  absorbed,  so  that  a 
bony^  ring  circumscribes  the  tumor.  Ultimately  blood  and  bony  ring  are  alike  absorbed. 
Dangerous  and  fatal  results  from  suppuration,  gangrene,  meningitis,  and  the  like  occur  in 
cases  which,  from  operation  or  other  causes,  become  infected. 

Atrophy  of  the  bones  is  a  frequent  pathologic  condition.  In  the 
growth  of  bone  the  osteoblasts  are  busy  forming  new  lamina  upon  the  outer 
surface,  while  the  osteoclasts  continually  absorb  and  remove  the  older  inter- 
nal parts.  In  atrophy  the  normal  balance  of  formation  and  absorption  is 
overthrown,  and  the  bone  is  destroyed  more  rapidly  than  normal.  Three 
varieties  are  described :  Eccentric  atrophy,  which  begins  within  and  extends 
outward.  This  is  the  usual  form.  Concentric  atrophy,  which  begins  outside 
and  extends  inward.  Porous  atrophy,  in  which,  by  increase  in  the  size  of 
the  Haversian  sipaces,  the  bone  is  made  porous.  This  latter  form  is  often 
called  osteoporosis.  The  increased  marrow  of  the  atrophic  bones  is  largely, 
and  sometimes  purely,  fatty  marrow. 

Atrophy  of  the  bones  of  the  cranium  sometimes  takes  place  without  appre- 
ciable cause.  I  have  seen  a  skull  from  a  patient  only  thirty  years  of  age,  in 
which  there  was  no  disploe,  and  the  united  inner  and  outer  tables  were  as 
thin  as  paper. 

Senile  atrophy  is  observed  in  the  flat  bones,  especially  where  no  muscles 
are  attached.  It  is  most  conspicuous  in  the  skull,  where  the  parietal  bones 
are  involved  and  suffer  loss  of  the  external  plate  and  diploe,  leaving  only 
the  hard  internal  plate.  The  atrophic  tissue  is  sunken  and  marked  by  dis- 
tinct demarcations.  The  jaw-bones  also  lose  their  alveolar  processes  and 
change  their  shapes,  and  nearly  all  the  bones  have  their  angles  and  edges 
rounded  and  often  rarefied. 

When,  in  consequence  of  morbid  changes,  the  bones  become  extremely 
brittle,  the  condition  is  described  as  osteopsathyrosis,  oxfragilitas  ossium'. 

Atrophy  sometimes  follows  disuse  of  the  bones,  as  when  limbs  are 
amputated  and  the  bones  of  the  stumps  are  no  longer  functional,  or  when 
limbs  have  been  paralyzed  for  many  years. 

Neuropathic  atrophy,  or  atrophy  of  the  bones  depending  upon  nervous 
disease,  may  result  from  trophic  disturbances.  It  is  almost  indissolubly  asso- 
ciated with  inactivity  of  the  parts  affected.  It  is  seen  in  cerebral  and  spinal 
palsy. 

Pressure  atrophy  of  the  bones  may  result  from  the  presence  of  neoplasms, 
etc.  Pressure  atrophy  takes  place  much  more  readily  when  nutritive  dis- 
turbances are  already  in  progress  in  the  osseous  tissue.  One  of  the  most  in- 
teresting cases  known  is  that  of  a  cranium  in  one  of  the  German  museums, 
marked  by  a  deep  circular  groove  where  a  student's  cap  had  pressed  during 
hfe.  Tumors  of  the  pituitary  body  frequently  cause  the  bony  walls  and 
prominences  of  the  sella  turcica  to  atrophy.  It  is  well  known  that  aortic 
aneurysms  erode— cause  to  atrophy— the  bodies  of  the  vertebrae  and  other 
bones  upon  which  they  press.     All  forms  of  pressure  atrophy  are  local. 

In  the  mterior  of  atrophic  bones  the  softening  and  liquefaction  of  the 
tissues  sometimes  form  cysts,  with  clear  fluid,  rarely  hemorrhagic,  contents. 

Hypertrophy  of  the  bones  is  observed  in  akromegaly  {q.  v.).  It  is  less 
a  universal  enlargement  of  the  bones,  however,  than  a  tendency  toward 
hj-perostosis— that  is,  the  formation  of  periosteal  osteophytes  which  form 
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nodular  and  acuminate  prominences  upon  the  bones  and  so  change  and 
deform  them. 

The  bones  of  giants  are,  of  course,  larger  than  those  of  normal-sized 
persons,  and,  indeed,  in  most  cases,  they  are  giants  because  of  the  excessive 
length  of  the  bones.  Local  hypertrophies  occur  to  compensate  for  unusual 
strain  and  permit  of  firmer  muscular  attachments. 

Partial  gigantism  affecting  fingers  or  other  members  is  occasionally  seen, 
sometimes  occurring  symmetrically.  The  most  remarkable  form  of  this  bony 
hypertrophy,  or  perhaps  hyperplasia,  is  the  disease  known  as  leontiasis 
ossium. 

Inflammation  of  the  Bones. — Inflammation  of  the  bone  may  affect 
the  covering  osteogenetic  membrane  and  subjacent  lamella  {periostitis),  the 
osseous  substance  itself  (ostitis),  or  the  marrow  and  contiguous  bony  tissue 
{osteomyelitis).  Any  of  these  may  occur  independently  of  the  others;  com- 
binations are  frequent ;  all  three  may  occur  together. 

Etiology. — ^The  causes  of  the  inflammation  are  traumatism  and  infection. 
Sometimes  the  traumatism  apparently  operates  without  infection.  Infection 
without  traumatism  depends  upon  hematogenic  metastasis. 

Periostitis. — Periostitis  is  inflammation  of  the  osteogenetic  membrane. 

Etiology. — It  may  result  from  traumatic  injuries,  especially  those  asso- 
ciated with  an  external  wound,  from  the  hematogenous  distribution  of  such 
bacteria  as  the  streptococcus,  staphylococcus,  typhoid  bacillus,  etc.  It  also 
occurs  as  a  complication  of  other  forms  of  bone-disease. 

Various  forms  of  the  disease  are  described,  but  are  probably  only  modi- 
fications of  the  same  process. 

The  disease  may  be  acute  or  chronic.  According  to  its  etiology,  it  may 
be  divided  vaXa  primary  and  metastatic. 

In  acute  periostitis  the  morbid  changes  are  probably  found  first  in  the 
periosteum  itself,  which  becomes  swollen,  hyperemic,  and  when  traumatic 
injuries  have  been  present,  more  or  less  infiltrated  with  blood.  In  uncom- 
plicated cases  the  disease  may  get  no  further,  and  terminate  by  simple 
resolution,  but,  as  a  rule,  infection  takes  place  and  suppuration  occurs.  The 
pus  usually  collects  between  the  periosteum  and  the  bone,  elevating  the 
membrane — subperiosteal  abscess.  This  may  extend  to  the  adjacent  soft 
parts  and  produce  phlegmonous  inflammations,  but  more  frequently  by  denud- 
ing the  bone  of  its  life-giving  membrane,  brings  about  a  molecular  destruc- 
tion of  its  surface.  This  causes  mineral  structure  of  the  bone  to  crumble 
away,  leaving  softened  and  excavated  areas,  while  particles  of  the  disinte- 
grated osseous  tissue  lie  free  as  bone-sand  in  the  surrounding  tissues.  To  this 
molecular  death  and  destruction  of  bone  the  name  caries  is  given.  Some- 
times the  superficial  denudation  of  bone  is  so  wide-spread  and  the  damage 
done  so  great  that  the  superficial  lamellae  die — necrosis — and  slowly  detach 
to  form  what  is  called  a  sequestrum,  which  must  be  discharged  through  an 
external  wound  before  healing  can  go  on. 

'    The  infectious  process  not  infrequently  ascends  the  marrow  cavity  through 
the  orifices  of  the  nutrient  vessels,  and  so  produces  secondary  osteomyelitis. 

The  purulent  exudate  of  periosteal  abscesses  seems  occasionally  to  undergo 
a  peculiar  gelatinous  degeneration,  by  which  a  tenacious,  semifluid  substance 
is  formed.     This  has  been  described  as  albuminous  periostitis. 

The  acute  forms  terminate  either  in  recovery  without  damage  to  the  bone, 
when  the  abscesses  are  absorbed  or  rupture  externally ;  or  in  caries  or  necro- 
sis, with  subsequent  chronic  disturbances  induced  by  the  proceeds  of  bone- 
destruction,  that  may  continue  during  the  patient's  entire  life  or  require 
surgical  interference.     The  disease  may  be  fatal. 

Malignant  periostitis  is  simply  a  very  acute,  severe,  purulent  periostitis, 
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which  follows  unimportant  injuries  or  arises  idiopathically  or  from  pyemic 
infection. 

Chronic  periostitis  may  begin  as  such  or  may  follow  the  acute  forms.  Its 
occurrence  usually  suggests  prolonged  irritation.  It  is  divided  into  the 
fibrous  and  ossifying  forms.  In  fibrous  periostitis  the  characteristic  feature 
is  the  transformation  of  the  periosteum  into  a  dense  fibrous  tissue,  closely 
adhering  to  the  bone.  It  is  seen  sometimes  in  chronic  ostitis  and  in  chronic 
inflammation  of  the  joints. 

Ossifying  periostitis  is  seen  sometimes  in  pregnancy,  in  tumors,  in  syph- 
ilis, and  in  tuberculosis  of  the  bones.  It  is  characterized  by  the  formation, 
beneath  the  periosteum,  of  a  loose  bony  tissue  consisting  of  delicate  columns 
of  bone  with  marrow  substance  between  them. 

When  the  bone-formation,  instead  of  being  limited  to  the  periosteum, 
extends  to  the  surrounding  connective  tissue,  it  is  caWsd  periostitis  ossificans. 
The  change  probably  begins  in  detachment  of  the  osteogenetic  membrane 
here  and  there,  then  bone-formation  from  the  elevated  or  detached  perios- 
teum, and  the  subsequent  union  of  the  newly  formed  bone  to  the  underlying 
bone.  The  changes  may  be  circumscribed  or  diffuse.  Probably  the  hyper- 
trophic osteoarthropathy  seen  in  the  hands,  forearms,  legs,  and  feet  in  chronic 
tuberculosis  of  the  lungs  and  emphysema  depends  upon  similar  changes. 

Ostitis  and  osteomyelitis  are  almost  indissolubly  associated.  Ostitis 
signifies  inflammation  of  the  marrow,  spongy  tissue,  and  cortical  substance 
of  bone;  osteomyelitis,  inflammation  of  both  bone  and  marrow.  The 
term  osteomyelitis  is  the  better,  since  it  is  almost  impossible  to  find  the  bone 
inflamed  without  involvement  of  the  marrow,  or  the  marrow  inflamed  with- 
out the  bone  being  affected. 

Osteomyelitis  is  infectious  and  at  times  seems  to  depend  upon  micro-organ- 
isms, which  are  disseminated  by  the  blood  and  lodge  in  the  vessels  of  the 
bones.  At  other  times  it  depends  upon  direct  infection  from  wounds  acci-  - 
dentally  or  surgically  inflicted.  Not  rarely  it  depends  upon  previous  peri- 
ostitis. Staphylococcus  pyogenes  aureus,  Streptococcus  pyogenes,  the  typhoid 
bacillus,  the  Bacillus  coli  communis,  the  gonococcus,  the  spirillum  of  relap- 
sing fever,  and  numerous  other  bacteria  have  been  observed  in  the  pus.  The 
disease  is  apt  to  follow  typhoid  fever,  scarlatina,  small-pox,  etc.,  and  is  more 
frequent  in  young  people  than  in  those  beyond  middle  life. 

The  disease  usually  begins  in  the  marrow  cavity  of  the  long  bones,  but 
may  occur  in  the  short  bones,  or  even  in  the  flat  bones  of  the  skull.  The 
marrow  is  first  found  to  be  deeply  congested  and  of  a  dark-red  color.  When 
the  bone  is  sawn  through,  the  hyperemia  of  the  marrow  makes  itself  evident 
by  a  swelling  of  the  marrow,  which  causes  it  to  bulge  outward.  Later  the 
hyperemia  is  the  cause  of  numerous  interstitial  hemorrhages.  In  the  majority 
of  cases  there  is  more  or  less  suppuration,  the  pus  causing  the  marrow  to 
become  spotted  or  streaked  with  grayish-yellow.  From  the  medullary  cavity 
the  inflammation  may  extend  to  the  periosteum,  causing  inflammation  there, 
and  extends  from  the  shaft  of  the  bone  into  the  epiphyses,  affecting  the 
spongy  substance  of  the  bone.  In  young  persons  the  inflammation  may 
cause  separation  of  the  epiphyses  from  the  shaft  and  may  extend  into  the 
joints.  The  pus  frequently  collects  in  small  pockets  or  abscess  cavities  in 
the  bones.  These  abscess  cavities  often  unite  to  form  large  purulent  collec- 
tions in  the  bone.     In  very  severe  cases  wide-spread  necrosis  may  result. 

The  greater  number  of  cases  heal  by  resolution,  some  in  erosion  of  the 
bone,  external  evacuation  of  the  pus,  necrosis,  and  then  a  chronic  inflamma- 
tory process  set  up  by  the  sequestrum.  Some  cases  are  fatal  in  consequence  of 
pyemia.  Amputation  and  other  traumatic  forms  of  ostitis  are  apt  to  take  on 
a  gangrenous  character,  the  marrow  of  the  bone  softening  to  a  discolored, 
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badly  smelling  mass,  and  the  bone  necrosing  to  a  considerable  extent.  The 
antiseptic  precautions  now  employed  in  surgery  make  traumatic  osteomyelitis 
an  infrequent  affection. 

The  extent  of  the  necrosis  that  may  follow  osteomyelitis  and  periostitis  is 
variable  according  to  the  severity  of  the  case.  In  very  severe  cases,  in 
which  the  periosteum  is  dissected  away  from  the  bone,  the  entire  shaft  may 
die,  while  in  cases  limited  to  small  areas  comparatively  little  necrosis  will  be 
observed.  The  dead  bone  is  known  as  a  sequestrum,  and  may  occupy  a 
central  position — that  is,  the  medullary  cavity  or  a  superficial  subperiosteal 
one. 

The  reaction  observed  in  the  bone  in  close  proximity  to  the  diseased  areas 
is  interesting.  Within  the  bone,  where  the  effects  of  the  irritation  are  felt, 
there  frequently  develop  numerous  osteoclasts  which  invade  the  bony  sub- 
stance more  or  less  rapidly.  Upon  the  exterior,  where  the  periosteum  is 
stimulated,  the  osteoblasts  become  unusually  active  and  form  new  lamellse 
which  are  not  so  regularly  distributed  as  normally,  but  are  often  deposited 
in  a  trabecular  form  suggestive  of  periostitis  ossificans.     In  this  way  the  bone 


Fig.  29s. — Phosphorus-necrosis  of  the  entire  lower  jaw  (Mears). 

becomes  irregularly  shapen,  porous,  and  thinned.  The  focus  of  active  in- 
flammation is  usually  accompanied  by  more  or  less  marked  caries,  or  molecu- 
lar death  of  the  bone,  by  which  the  pus  slowly  erodes  its  way  to  the  ex- 
terior, rupturing  through  the  soft  parts  and  leaving  sinuses  communicating 
with  the  seat  of  disease.  Such  an  opening  is  often  described  as  a  cloaca, 
and  will  not  heal  if  a  sequestrum  be  retained  at  the  seat  of  disease.  As 
the  severity  of  the  inflammation  subsides  a  vigorous  new  formation  of  bone 
is  sometimes  attempted,  but  the  effect  of  the  sequestrum  is  always  to  check  the 
effort.  If,  by  accidental  or  surgical  means,  the  sequestrum  be  removed,  or 
if,  after  the  lapse  of  time,  it  be  absorbed  or  dissolved,  the  wound  heals 
kindly,  new  bone  is  formed,  passes  through  the  regular  developmental  stages, 
and  is  finally  finished  off  to  very  nearly  the  original  form  and  appearance. 

Chronic  osteomyelitis  results  from  the  acute  osteomyelitis  chiefly  by  the 
continued  irritation  of  the  retained  sequestrum.  Sufifiicient  has  already  been 
said  of  this  form  in  the  preceding  paragraph.  There  are,  however,  two  very 
important  changes  which  characterize  chronic  ostitis  which  are  not  seen  in 
the  acute  forms.  They  are  osteoporosis  and  hyperostosis.  Both  of  these  are 
seen  only  in  chronic  ostitis,  because  the  acute  forms  are  scarcely  of  long 
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enough  duration  for  their  development.  The  former  leads  to  unusual 
sponginess  of  the  affected  bone,  the  latter  to  the  formation  of  bony  excres- 
cences or  outgrowths. 

Phosphorus=necrosis  of  the  bones,  which  is  seen  in  those  who  for  long 
periods  work  in  an  atmosphere  containing  phosphorus.  The  disease  seems 
to  result  from  the  entrance  of  the  phosphorus  into  the  mouth,  where,  be- 
cause of  diseased  teeth  or  gums,  it  is  able  to  come  in  direct  contact  with  the 
bones  of  the  jaw.  The  disease  is  peculiar  in  that  it  attacks  the  maxillary 
bones  oftener  than  any  others.  It  seems  to  be  a  question  whether  or  not  the 
disease  can  occur  without  the  aid  of  bacteria.  In  all 
probability  they  are  always  present,  and  no  doubt  per- 
form their  part  in  the  inflammatory  process.  The  first 
changes  seem  to  result  from  sclerosis  of  the  periosteum, 
which  is  followed  by  suppuration,  then  by  caries  and 
necrosis  and  exfoliation  of  the  necrotic  portions.  The 
disease  is  progressive,  extremely  destructive,  causes 
wide-spread  necrosis  with  cloaca  formation,  sinuses, 
and  fistulse,  and  may,  in  rare,  very  severe  cases  ulti- 
mately bring  about  complete  loss  of  the  inferior  max- 
illa. 

Ostitis  hypertrophicans  is  seen  in  acromegaly.  It 
affects  the  terminal  portions  of  the  skeleton  in  young 
or  middle-aged  persons,  and  is  characterized  by  the 
formation  of  periosteal  osteophytes,  forming  irregular 
rounded  and  pointed  excrescences  sometimes  closely 
approximated,  sometimes  remote  from  one  another  on 
the  bones  of  the  hands  and  feet  especially,  sometimes 
the  bones  of  the  forearms  and  lower  legs. 


\-VA 
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Ostitis  deformans  is  a  disease  of  senility  characterized  by  ab- 
sorption of  the  bone  (osteoporosis)  and  change  of  shape,  resulting 
chiefly  from  the  effect  of  pressure.  It  is  sometimes  called  rarefy- 
ing ostitis,  to  differentiate  it  from  sclerotic  ostitis  or  osteosclerosis. 
The  bones  affected  are  chiefly  the  femur,  skull,  and  spinal  column. 
The  osteoporosis  depends  upon  increased  destruction  of  the 
bony  tissue.  It  may  be  observed  both  in  the  spongy  and  compact 
bone.  The  condition  has  already  been  mentioned  under  atrophy 
of  the  bone. 

The  type  of  pressure  change  that  occurs  is  the  commonly  ob- 
served elongation  and  descent  of  the  head  of  the  femur  at  the 
anatomic  neck  until  it  assumes  a  horizontal  position.  When  the 
bones  become  very  yielding,  the  weight  of  the  head  often  com- 
presses the  bodies  of  the  vertebrae  more  or  less,  so  that  the  spinal 
column  becomes  bent  forward  to  an  almost  kyphotic  condition. 
The  disease  is  closely  related  to  arthritis  deformans  and  osteo- 
malacia. 

One  of  the  important  changes  observed  in  bones  subjected  to 
inflammation  for  a  length  of  time  is  that  which  is  probably  analo- 
gous to  cicatricial  formation  of  the  connective  tissue  and  known  as 
osteosclerosis.  It  may  occur,  without  any  apparent  cause,  in  se- 
nility in  the  diploe  of  the  skull,  causing  it  to  become  thick  and 

dense ;  it  sometimes  constitutes  the  process  by  which  rarefied  bone  is  restored  to  density. 

Local  sclerotic  areas  in  the  interior  of  bones  are  known  as  endostoses. 

Osteosclerosis  always  occurs  about  carious  and  necrotic  areas,  constituting  one  of  the  chief 

means  by  which  the   sequestrum  is  surrounded   by  new  dense   bony  tissue.     Osteosclerotic 

exostoses  of  ivory-like  hardness  are  described  as  eburnations. 

Tuberculosis. — This  is  the  most  frequent  chronic  affection  of  the  bones. 
It  usually  occurs  in  youth,  frequently  in  childhood,  and  is  one  of  the  most 
benign  forms  of  the  disease. 

The  most  frequent  seats  of  the  disease  are  the  epiphyses  of  the  long  bones, 
the  wrist-  and  ankle-bones,  the  hip,  the  spinal  column,  the  ribs,  and  the 


Fig.  296. — Exostoses  of 
femur  (Orth). 
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phalanges.  It  may  occur  from  hematogenous  metastasis  to  the  bones  in 
tuberculosis  of  other  organs,  and  not  infrequently  arises  from  extension  to 
the  bones  by  continuity  of  adjoining  tuberculous  tissue.  When  the  disease 
is  of  hematogenous  origin,  it  may  occur  in  the  form  of  minute,  disseminated, 
miliary  tubercles  as  part  of  general  miliary  tuberculosis ;  or  it  may  begin  in 
the  interior  of  the  bone  in  the  medullary  substance.  If  it  be  of  periosteal 
origin  by  direct  extension,  it  is  of  superficial  occurrence.  The  disease 
spreads  more  rapidly  in  the  spongy  tissue  than  in  the  denser  tissue,  and 
when  first  observed  in  the  cortical  substance,  soon  extends  to  the  porous 
parts  of  the  bone.     From  the  bone  it  is  prone  to  invade  the  joints. 

The  disease  begins  with  the  formation  of  the  usual  miliary  tubercles, 
which  are  chiefly  observed  in  the  marrow  or  in  a  newly  formed  granulation 
tissue.  They  extend  in  all  directions  by  lymphogenic  extension,  and  thus 
invade  the  Haversian  canals,  extending  into  compact  as  well  as  spongy  struc- 
ture. ,  Wherever  the  tubercles  form,  the  bone  suffers  from  one  or  another 
of  several  complications.  Sometimes  the  inflammatory  hyperemia  and  reac- 
tion are  sufficient  to  stimulate  the  osteoclasts  to  unusual  activity  and  so 
absorb  the  bone  in  a  manner  described  as  lacunar  erosion ;  at  other  times 
the  coagulation  necrosis  and  degeneration  bring  about  caries,  there  prob- 
ably being  no  condition  in  which  caries  is  so  frequent  as  in  tuberculosis 
of  bone.  Finally,  the  formation  of  tubercles  in  the  Haversian  canals  some- 
times occludes  the  blood  vessels  of  the  bone,  and  causes  an  anemic  area 
corresponding  to  their  distributions,  in  which  the  bone  undergoes  necrosis 
in  a  more  or  less  well-marked  conic  area.  Together  with  the  carious  and 
necrotic  changes  which  increase,  the  size  of  the  spaces  within  the  bone, 
granulation  tissue,  multiplication  of  tubercles,  cheesy  degeneration,  etc., 
occur. 

The  eroding  process  leads  to  the  formation  of  a  mass  of  detritus  which, 
when  external  to  the  bone  or  escaping  from  it  through  carious  openings,  in- 
filtrates the  soft  parts  and  forms  what  is  clinically  known  as  a  cold  abscess. 
From  the  openings  in  the  bone  fungous  granulations  frequently  project. 
The  collected  products  forming  the  cold  abscess  do  not  excite  much  reactive 
inflammation  in  the  affected  tissues,  but  gravitate  along  muscle-sheaths  and 
tendons,  often  coming  to  the  surface  at  remote  parts  of  the  body,  as  in  the 
psoas  abscess  of  spinal  tuberculosis,  or,  as  it  is  often  called,  Potf  s  disease. 
The  erosion  of  the  compact  and  spongy  tissues  of  the  bone,  with  the  open- 
ings which  sooner  or  later  connect  the  interior  of  its  marrow  cavity  with  the 
exterior,  cause  much  deformity;  but  additional  deformity,  in  the  form  of 
thickening  and  porosity,  is  brought  about  by  the  periosteal  changes.  The 
erosion  and  perforation  of  the  bone  are  analogous  to  cavity  fomnation 
in  the  lungs.  The  actually  diseased  periosteum  takes  no  part  in  the 
change,  becoming  either  tuberculous  or  degenerating;  but  the  periosteum 
just  beyond  the  invaded  tissue  being  stimulated,  shows  the  changes  known 
as  ossifying  periostitis,  with  much  new-bone-fomiation  by  which  the  bone  is 
greatly  thickened  and  becomes  unusually  porous.  This  condition  is  fre- 
quently called  spina  ventosa.  The  exact  extent  of  the  deformity  depends 
upon  the  size  of  the  osteophytes  formed. 

After  the  evacuation  of  the  products  of  disease  tuberculosis  of  the  bones 
not  infrequently  recovers,  the  bone-formation  of  the  periosteum  serving  to 
replace  much  of  the  lost  tissue.  The  bone,  however,  often,  if  not  always, 
remains  much  deformed.  When  groups  of  bones,  such  as  the  vertebrae,  are 
afi"ected,  the  loss  of  substance  is  frequently  followed  by  collapse  and  a  general 
deformity  of  the  body  in  the  form  of  kyphosis,  lordosis,  etc. 

Amyloid  disease  is  apt  to  form  a  serious  complication  of  tuberculosis  of 
the  bones. 
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Syphilis  of  the  bones  may  be  of  hereditary  or  acquired  origin.  When 
acquired,  it  constitutes  a  feature  of  the  tertiary  form  of  the  disease.  The 
bone  pains  and  rheumatic  symptoms  of  secondary  syphilis  are  not  associated 
with  any  definite  structural  alteration  of  the  bones. 

The  lesion  of  hereditary  syphilis  is  a  peculiar  and  characteristic  osteo- 
chondritis.    It  is  characterized  by  an  increased  width  of  the  zone  of  calci- 


FlG.  297.- 


-Syphilitic  osteochondritis :  a,  a,  Line  of  cellular  infiltration  at  epiphyseal  junction 

(Orth). 


fication  between  the  diaphysis  and  epiphysis  of  the  long  bones,  and  by  a 
tendency  for  its  tissue  to  extend  irregularly  and  in  a  jagged  manner  into  the 
cartilaginous  tissue,  and  to  be  here  and  there  interrupted  by  uncalcified  areas. 
The  formation  of  the  marrow  cavity  is  not  bounded  by  a  sharply  defined 
straight  line,  but  the  ossifying  tissue  extends  irregularly  into  it.  The  bony 
lamellae  of  the  diaphysis  are  delicate  and  insufficiently  developed,  and  the 

calcifying  zone  shows  a  whitish  or  red- 
dish-white color,  and  has  a  peculiar  con- 
sistence. The  newly  calcified  tissue  is 
porous. 

In  marked  degrees  of  the  disease, 
sometimes  designated  as  a  second  stage, 
the  condition  greatly  resembles  rachitis. 
Sometimes  the  tissue  is  soft  and  gelati- 
nous. The  most  marked  degree,  some- 
times called  the  third  stage,  is  characterized 
by  the  formation  of  an  irregular  layer  of 
well-vascularized  granulation  tissue  be- 
tween the  diaphysis  and  the  cartilage, 
having  a  reddish  or  grayish-yellow  color. 
This  sometimes  becomes  purulent  and 
constitutes  the  yellow  line,  one  of  the 
well-known  signs  of  congenital  syphilis. 
Its  ultimate  outcome  may  be  the  actual 
spontaneous  separation  of  epiphysis  and 
diaphysis. ,  The  point  best  adapted  for 
the  study  of  this  lesion  is  the  lower  end 
,  of  the  femur. 

Acquired  syphilis  manifests  itself 
chiefly  in  the  form  of  gumma,  followed 
by  caries  and  necrosis.  It  occurs  principally  in  the  tertiary  stage  of  the 
disease,  and  may  be  superficial — syphilitic  periostitis— ox  d.e.&^— syphilitic 
osteomyelitis. 

Syphilitic  periostitis  usually  occurs  in  the  periosteum  covering  the  shafts 
of  the  long  bones.  It  seems  to  select  by  preference  those  bones  which  are 
very  superficially  situated,  as  the  sternum,  scapula,  tibia,  clavicle,  ulna,  ribs, 
and  cranium ;  it  may  be  determined  by  contusions  or  other  slight  injuries  of 


Fig.  Z98. — Syphilitic  osteochondritis  ; 
the  irregular  broad  line  of  ossification  is 
well  shown.  From  an  infant  which  died 
from  congenital  syphilis  (Hektoen). 
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the  bone.  Next  to  the  bones  above  enumerated,  the  phalanges  seem  to  have 
the  preference.  It  begins  in  a  rather  wide-spread  celhilar  infiltration  of 
the  deeper  structure  of  the  periosteum,  and  in  the  formation  of  an  incon- 
siderably elevated  swelling.  The  cells  soon  undergo  the  well-known  gummy 
necrosis.  If  the  cellular  infiltration  be  wide-spread,  the  necrotic  changes 
may  occur  in  local,  scattered  areas  only.  The  subjacent  bone  is  eroded, 
sometimes  becomes  carious,  and  often  sustains  a  superficial  necrosis.  Upon 
large  flat  bones,  like  those  of  the  skull,  the  changes  are  more  marked  than 
elsewhere.  The  outer  table  is  first  affected  and  becomes  carious  ;  the  diploe 
is  next  invaded,  and  the  inner  table  may  also  suffer.  The  disease  some- 
times descends  even  to  the  dura  mater.  The  bone  is  rarely,  if  ever,  uni- 
formly affected,  but  the  disease  occurs  first  in  small  local  areas,  which  in- 
crease in  size  and  number,  and  often  become  confluent,  so  that  the  entire 
surface  of  the  bone,  or  indeed  of  the  whole  skull,  may  show  signs  of  the 
destructive  process.  While  the  disintegration  is  progressing  in  parts  it  is 
healing  elsewhere,  so  that  the  nature  of  the  lesions  discovered  at  autopsy  is 
varied. 

Syphilitic  osteomyelitis  is  rare  in  the  long  bones,  and  is  said  to  be  most 
frequent  in  the  diploe  of  the  skull  and  in  the  phalanges.  It  is  characterized 
by  the  formation  of  single  or  multiple,  large  or  small,  yellowish  or  grayish, 
fibrous,  gelatinous,  or  purulent  areas,  in  which,  together  with  the  coagula- 
tion of  the  exudate,  caries  and  necrosis  of  the  bone  may  be  observed. 

The  process  of  repair  in  this  syphilitic  affection  of  the  bones  is  not  long 
delayed,  as  a  rule,  but  advances  with  the  extension  of  the  disease.  It  is 
most  evident  at  the  surface,  where  osteophytes  are  produced.  The  final 
outcome  of  the  process  is  usually  either  osteoporosis  or  osteosclerosis,  unless 
death  from  intercurrent  affection  takes  place.  Periostitis  ossificans  frequently 
occurs. 

The  cicatrices  which  are  subsequently  observed  are  rounded,  more  or 
less  stellate,  and  are  frequently  depressed  in  the  center. 

Lepra  is  accompanied  by  osseous  lesions  partly  dependent  upon  the  leprous  lesions  them- 
selves, and  partly  upon  local  infections  resulting  from  the  anesthesia  and  involuntary  injuries 
likely  to  be  inflicted  in  consequence.  The  leprous  lesions  consist  of  nodular  formations  in 
the  marrow  and  consequent  osteomyelitis.  The  complications  are  chiefly,  characterized  by 
necrosis,  and  not  infrequently  lead  to  loss  of  the  phalanges  and  marked  consequent  deformity 
— lepra  Tnutilans. 

Actinomycosis  is  not  infrequent  in  the  jaw-bones  of  infected  animals.  It  is  chiefly  char- 
acterized by  a  suppurative  osteomyelitis  and  ostitis,  with  more  or  less  caries  and  necrosis. 
Upon  microscopic  examination  the  ray  fungi  are  Ukely  to  be  found  within  the  intra-osseous 
abscesses  in  the  bone. 

Tumors   of  Bone. — The  primary  tumors  of  bone  are  exclusively  of 
the  connective-tissue  type.      Secondary  epithelial   tumors — carcinoma— are 
not   infrequent.     The  tumors  always    originate  either  from  the  periosteum 
or  from  the  marrow,  and  at  once  divide  themselves  mXo periosteal  and  myelo-  ^ 
genie  forms. 

The  periosteal  tumors  develop  from  the  osteogenetic  layer  of  the  peri- 
osteum and  lie  between  the  bone  and  its  membrane ;  more  rarely  they  de- 
velop from  the  periosteum,  embracing  all  its  layers.  The  bone  substance  is 
usually  embraced  in  the  tumor,  but  may  lie  beneath  it  and  escape  involve- 
ment altogether. 

Myelogenic  tumors  may  be  circumscribed,  but  more  frequently  invade 
the  bone  gradually.  Their  pressure  upon  the  bone,  or  their  extension  into 
it,  is  likely  to  produce  lacunar  atrophy,  much  resembling  halisteresis  ossium. 
As  the  bone  is  destroyed,  new  layers  are  usually  formed  by  the  periosteum, 
so  that  unless  the  tumor  grow  very  rapidly,  it  remains  incased  in  a  well- 
formed  but  much  distended  bony  incasement.     When  the  surrounding  bone 
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becomes  very  greatly  attenuated,  a  condition  is  produced  described  by  the 
older  writers  as  spina  ventosa,  in  which  the  bone  crackles  beneath  the  fingers 

when  crushed.  ,  ■      ,     •      i 

Osteoma  is  a  tumor  in  which  bony  tissue  is  the  chief  histologic  element. 
These  tumors,  having  already  been  discussed,  need  not  be  again  considered 
(see  Osteoma).  j      i       ■ 

Fibroma  usually  grows  from  the  periosteum,  though  it  may  develop  m 
the  marrow.  It  occurs  in  the  mouth,  nose,  and  pharynx,  from  the  bones  of 
the  skull.  Occasionallv  it  is  seen  elsewhere,  as  upon  the  buttock  and  ex- 
tremities. The  tumor  'is  nodular  in  shape  and  may  be  polypoid,  especially 
in  the  nose  and  pharynx,  and  may  be  telangiectatic. 

Chondroma  may  develop  from  the  periosteum  or  in  the  interior  of  the 
bones,  from  cartilage  remnants  still  unossified.  They  are  most  frequent  in 
the  bones  of  the  hands,  feet,  and  extremities.  Sometimes  they  grow  from 
the  cranial  bones.  They  are  usually  tumors  of  youth  and  childhood,  and 
are  generally  multiple.  The  multiple  endogenous  chondroma  causes  the 
greatest  deformity  of  the  parts  affected  and  often  renders  the  individual 
helpless. 

Large  chondrous  tumors  also  grow  from  the  scapulae  and  from  the  ribs. 
They  are  usually  composed  of  aggregated  masses  of  cartilage,  fairly  well  vas- 
cularized, though  they  frequently  undergo  softening  and  may  become  cystic. 
It  is  not  unusual  for  them  to  attain  the  size  of  a  man's  head. 

Myxoma  and  combinations  of  myxoma  and  fibroma  also  develop  from  the 
periosteum.     Lipoma  and  angioma  are  rare  tumors  of  the  bone. 

Sarcoma— osteosarcoma — is  the  most  important  and  perhaps  the  most  fre- 
quent bone  tumor,  and  is  the  only  malignant  primary  growth.  Various  forms 
of  sarcoma  occur  in  connection  with  bone,  the  spindle-cell  and  giant-cell 
forms  probably  being  most  frequent.  Round-cell  sarcoma,  angiosarcoma, 
and  pigmented  sarcoma  occur  occasionally. 

The  giant-cell  sarcoma  is  quite  frequent  as  a  central  tumor  of  the  lower 
jaw,  where  it  is  sometimes  described  as  an  epulis.  It  occasionally  occurs 
in  the  upper  jaw,  and  more  rarely  at  the  epiphyses  of  the  long  bones. 
Giant-cell  sarcoma  may  also  occur  from  the  periosteum.  It  is  usually  single, 
though  it  may  be  multiple. 

Spindle-cell  sarcoma  grows  from  the  periosteum  and  forms  nodular  tumors, 
which  may  become  large.  They  do  not  invade  the  bony  substance,  as  a 
rule,  though  they  may  grow  from  the  marrow  substance,  when  they  are  much 
more  destructive.  Round-cell  sarcoma  usually  grows  from  the  medullary 
substance,  rapidly  infiltrating  and  rarefying  the  bone.  As  it  grows  the  bone 
becomes  more  and  more  expanded  and  thinner  and  thinner,  until,  sometimes 
after  a  great  size  is  attained,  the  bony  capsule  ruptures  and  the  tumor  in- 
vades the  soft  parts.  After  the  rupture  and  invasion  an  ossifying  periostitis 
continues,  with  the  formation  of  new  trabeculse  of  bone. 

A  particular  variety  of  sarcoma  of  bone  is  described  as  osteoid  sarcoma.  It  usually  develops 
upon  the  ends  of  the  long  bones  from  the  periosteum,  and  is  characterized  by  the  formation 
of  osteoid  tissue,  and  appears  to  be  quite  mixed,  parts  of  it  being  fibrous,  parts  cellular,  and 
parts  osteoid.  There  is  no  regularity  as  to  the  amount  of  bone-formation  that  can  take  place, 
sometimes  a  few  spicules  only  being  observed,  and  sometimes  dense,  ivory-like  masses  being 
formed. 

A  diffuse  form  of  sarcoma,  or  at  least  of  sarcoma-like  tumors,  which  affects  many  bones 
and  eventually  becomes  quite  general,  is  that  known  as  myeloma  or  myelosarcoma  (g.  v.). 

The  disease  affects  the  marrow  substance  and  occurs  in  the  form  of  circumscribed  nodes 
or  diffuse  hyperplasia  of  the  marrow.  In  the  neighborhood  of  the  tumor  formation  the  bony  tis- 
sue atrophies,  and  it  is  only  rarely  that  much  new  bone  is  formed.  The  bones  usually  affected 
are  the  skull,  spinal  column,  pelvis,  ribs,  etc.,  which  may  be  filled  with  larger  or  smaller 
tumors  eroding  the  bone  and  causing  irregularly  shaped  defects,  from  which  they  scarcely 
project.     The  microscopy  of  the  tumors  has  been  considered  in  the  section  on  Tumors. 
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Endothelioma,  perithelioma,  and  angiosarcoma  are  occasionally  seen 
growing  from  the  bones  of  the  skull  and  extremities. 

Chloroma,  a  form  of  periosteal  sarcoma  characterized  by  a  greenish  or 
gray  color,  is  occasionally  seen. 

Carcinoma  of  bone,  as  has  been  said,  is  always  secondary. 

Cysts  of  bones  are  usually  formed  by  softening. 

Parasites  of  bone  are  rare.  Both  the  Tsenia  echinococcus  and  Cysti- 
cercus  cellulosse  have  been  described. 

Fracture  is  solution  of  the  continuity  of  the  osseous  tissue.  ^  Its  most 
common  cause  is  traumatism,  which  may  act  directly,  crushing  the  bone,  or 
indirectly  through  transmitted  leverage.  At  times  fracture  may  depend  upon 
excessive  muscular  activity,  the  strength  of  the  bones  being  insufficient  to 
sustain  strain.  Disease  predisposes  to  fracture  by  changing  the  composition, 
structure,  shape,  and  position  of  the  bones.  Age  predisposes  to  fracture 
because  of  the  mineralization  of  the  bones 

The  bones  of  adults,  for  the  most  part,  break  with  clean  edges  ;  those  of 
children,  with  fibrous  connections,  causing  them  to  be  termed  green-stick 
fractures. 

Fractures  may  be  single  or  multiple.  A  fracture  which  has  a  single  plane 
of  passage  through  the  bone  and  divides  it  into  two  fragments  is  called  a 
simple  fracture.  A  comminuted  fracture  is  one  passing  through  the  bone  in 
several  planes  and  dividing  in  into  several  fragments.  When  the  fracture 
communicates  with  the  exterior  of  the  body  through  a  wound  of  the  soft 
parts,  it  is  called  a  compound  fracture.  Any  fracture  in  which  inflammation, 
necrosis,  or  other  pathologic  change  occurs  is  called  a  complicated  fracture . 

REGENERATION  OF  BONE-HEALING  OF  FRACTURES. 

The  means  by  which  fractures  and  wounds  of  bones  recover  are  easily  understood  by  any 
one  familiar  with  the  developmental  stages  of  bone,  and,  therefore,  needs  but  superficial 
description. 

The  solution  of  the  continuity  of  the  shaft  of  a  long  bone  is  invariably  attended  by  lacera- 
tion of  the  periosteum  and  endosteum,  rupture  of  the  blood  vessels  of  the  periosteum  and 
often  of  the  bone,  and  more  or  less  comminution  of  the  soft  parts.  The  immediate  result  is 
interstitial  hemorrhage,  followed  by  reactive  inflammation  of  the  tissue.  Leukocytes  begin  to 
collect  in  the  suffused  area,  in  which  red  blood  corpuscles  and  tissue  remnants  abound  in  proc- 
ess of  destruction.  As  the  detritus  becomes  more  and  more  broken  up  the  phagocytes  scav- 
enge the  tissue,  removing  all  the  odds  and  ends  of  tissue  present. 

About  the  second  day  after  the  fracture,  while  the  leukocytes  are  actively  at  work,  the  cells  of 
the  lacerated  and  shreded  periosteum  and  of  the  neighboring  healthy  periosteum  and  endosteum 
begin  to  proliferate  and  form  a  rather  dense  tissue,  suggestive  of  the  early  stages  of  a  cicatrix. 
Instead  of  the  cells  being  fibroblasts,  however,  they  are  osteoblasts,  and  instead  of  a  fibrous 
scar,  they  form  bone.  The  formation  is  an  osteoid  tissue  partly  formed  through  intermediate 
hyaline  cartilage,  the  osteoblasts  surrounding  themselves  with  chondrous  substance  which 
later  calcifies.  This  osteoid  tissue  is  known  clinically  as  callus,  ox  provisional  call-us.  It  differs 
from  bone  in  that  it  is  without  Haversian  systems  and  is  not  distinctly  laminated.  The  callus 
forms  in  larger  or  smaller  amounts,  according  to  the  peculiarities  of  the  individual  case,  and 
is  evidently  nothing  more  than  a  temporary  framework  to  support  the  bone  until  firm  union 
occurs.  Its  formation  begins  as  early  as  the  fourth  day,  and  by  the  end  of  the  first  week  the 
bone  is  quite  well  supported  by  it.  Surgeons  are  accustomed  to  divide  the  callus  into  the  ring 
and  p-in  ca41us,  the  former  being  external  to  the  bone  surrounding  the  seat  of  fracture  ;  the 
latter  ascending  a  short  distance  up  and  down  the  medullary  cavity  of  the  shaft  from  the  seat 
of  fi-acture.     Technically  these  are  also  called  periosteal  and  myelogenic  callus  respectively. 

Callus  is  also  spoken  of  as  provisional  callus,  which  is  bone-formation  in  excess  of  what 
will  be  subsequently  needed,  and  definitive  callus,  which  occurs  between  the  ends  of  the  bone, 
where  it  must  subsequently  remain. 

Thus  far  the  bony  formation  about  the  seat  of  fracture  is  a  considerable  sized,  shapeless 
mass  of  spongy,  atypical,  osseous  or  osteoid  tissue,  incapable  of  resistance  and  forming  a  very 
feeble  bond  of  union. 

During  the  period  in  which  the  callus  has  been  forming,  vessels  have  been  extending  into 
it,  exactly  as  they  do  in  the  embryonal  bone-formation.  The  vessels  descend  into  it  from 
the  periasteum,  from  the  endosteum,  and  from  the  splintered  ends  of  the  bones  themselves, 
and  until  this  occurs,  the  process  does  not  pass  beyond  the  stage  of  osteoid  tissue  formation. 
With  the  completion  of  the  vascularization  the  true  bone-formation  begins  by  the  formation 
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of  bony  lamellae  about  the  vessels  and  the  establishment  of  Haversian  systems.  In  this  man- 
ner the  callus  between  and  immediately  about  the  ends  of  the  bone  is  transformed  mto  dense, 
strong  bony  tissue,  which  requires  vfeeks  for  its  perfection.  The  new  perfectly  formed  bone 
bridges  the  intervals  between  the  fragments  and  unites  in  a  common  mass  any  splmters  or 
spicules  which  have  not  lost  vitality.  ,      ™,.  ■    ji      u     „^  .„ 

The  union  is  now  complete,  and  the  bone  once  more  functional  The  spmdle-shaped  en- 
largement that  results,  however,  is  a  hindrance  to  the  perfect  use  of  the  parts,  and  therefore 
aftir  a  time,  absorption  begins,  and  by  the  activity  of  osteoclass  through  exactly  the  same 
method  as  that  seen  in  the  primitive  development  of  bone,  the  callus  is  removed  after  its  func- 
tion has  been  fulfilled.  The  absorption  process  extends  over  years  and  results  in  the  complete 
removal  of  all  callus,  myelogenic  and  periosteal,  in  the  rounding-off  of  all  angles  and  corners, 
and  the  smoothing  of  edges  and  surfaces  until,  after  a  few  years  have  elapsed,  a  well-approxi- 
mated simple  fracture  may  be  so  perfectly  repaired  that  it  may  be  almost  impossible  to  de- 
termine its  exact  seat.  Such  bones,  when  split  by  a  saw,  also  show  an  uninterrupted  marrow 
cavity.  The  fragments  of  comminuted  fractures  may  unite  with  the  callus  and  enter  1"*°  the 
bone  again,  or  may  be  absorbed.  If  this  union  be  irregular  and  points  or  angles  project,  these 
are  later  rounded  off.  ,    .    .         ^  i 

In  the  forearms  and  lower  limbs,  when  both  bones  are  fractured,  it  is  not  unconimon  for  a 
synostosis  or  union  of  the  four  fragments  to  take  place  and  cause  a  permanent,  though  not 
always  troublesome,  deformity.  .  , 

Widely  separated  ends  of  bone,  bones  fractured  in  the  cavity  of  joints,  as  the  anatomic 
necks  of  the  femur  and  humerus,  fail  to  unite.  Fractures  in  badly  nourished  persons  and 
intracapsular  fractures  fail  to  unite  because  too  httle  callus  is  formed.  Similar  failures  of  union 
occur  at  times  in  marasmus,  senility,  infectious  diseases,  etc.  When  osseous  union  fails,  the 
ends  of  the  bones  may  be  joined  by  firm  connective  iinMssyndesmosis—ox  by  loose  connec- 
tive tissue,  which  permits  of  motion  at  the  seat  of  ixs.'z\.M'C%--pseudarthrosis.  In  the  latter  case, 
a  real  new  \o\-rA— nearthrosis— \i  formed,  usually  so  constituted  that  one  rounded  fragment 
fits  into  an  excavated  fragment,  the  two  being  surrounded  and  separated  by  connective  tissue 
corresponding  to  a  capsular  ligament. 

The  length  of  time  occupied  by  the  healing  of  fractured  bones  has  been  found  to  be  about 
two  weeks  for  a  broken  phalanx,  three  weeks  for  a  broken  rib,  five  weeks  for  a  forearm,  six 
weelis  for  the  upper  arm,  seven  weeks  for  the  tibia,  ten  weeks  for  the  thigh,  and  twelve  weeks 
for  the  neck  of  the  femur.  Healing  takes  place  more  rapidly  in  children  and  in  healthy  per- 
sons than  in  those  advanced  in  years  or  weak. 
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Fatty  degeneration  of  the  cartilage  cells  is  occasionally  observed  in  senility  and  in  inflam- 
matory affections. 

Amyloid  disease  affects  the  cartilage  cells,  their  capsules,  and  the  matrix  of  the  cartilage, 
transforming  them  into  amyloid  substance. 

Mineralization  of  the  cartilages. of  the  joints  occurs  in  senility  and  gout,  or  arthritis  urica, 
in  which  they  become  infiltrated  with  salts  of  uric  acid  or  calcium. 

Pigmentation  often  follows  hemorrhage  into  the  joints.  The  cartilage,  capsular  ligament, 
and  tendon  attachments  are  sometimes  saturated  with  a  brownish  or  blackish  pigment.  The 
condition  is  sometimes  spoken  of  as  ochronosus. 

Chondromalacia,  or  softening  of  cartilage,  seems  to  depend  upon  loss 
of  the  cohesiveness  of  the  fibers  of  which  it  is  composed,  so  that  the  surface 
frays  out  and  its  natural  smooth  polished  appearance  changes  to  velvety. 
The  substance  is  at  the  same  time  softened  and  often  pigmented.  Chon- 
dromalacia occurs  in  senile  and  inflammatory  conditions.  It  may  be  suc- 
ceeded by  more  destructive  conditions,  such  as  local  erosion,  fissures,  and 
cracks,  and  sometimes  cystic  colliquation. 

Under  this  head  it  may  be  well  to  mention  abrasion,  mucous  degenera- 
tion, caries,  and  necrosis,  all  of  which  affect  the  cartilages  of  the  joints. 
The  necrotic  fragments  usually  develop  into  true  sequestra. 

Regeneration  of  cartilage  is  seen  in  fracture,  contusion,  luxation,  and 
the  like.  Cartilage  heals  by  the  formation  of  connective-tissue  cicatrices. 
Small  fragments,  if  detached,  remain  as  free  bodies  in  the  joints. 

Hyperemia  of  the  articular  cartilages  is  seen  in  traumatic  injuries,  in 
mild  irritative  conditions,  and  in  the  beginning  of  infectious  and  gouty  dis- 
eases. The  condition  first  and  most  plainly  manifests  itself  in  the  synovial 
membranes,  which  are  pinkish  and  injected ;  next  at  the  edges  of  the  articu- 
lar cartilages.  The  amount  of  synovial  fluid  is  increased  and  more  watery 
than  normal.      It  is  one  of  the  chief  characteristics  of  articukr  rheumatism. 
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Hemorrhage  into  the  joints  is  not  infrequent  after  injury.  Small  hem- 
orrhages may  also  occur  in  inflammation  and  in  the  hemorrhagic  diatheses. 
Accumulations  of  blood  in  the  joint,  from  whatever  cause,  are  called  hem- 
arthroses.  The  condition  is  unimportant  unless  accompanied  by  infection. 
The  blood  slowly  disintegrates  and  is  absorbed,  leaving  the  tissues  more  or 
less  deeply  pigmented. 

Arthritis,  or  inflammation  of  the  joints,  is  a  frequent  and  impor- 
tant disease.  It  may  depend  upon  traumatic  infectious  conditions  or  upon 
hematogenous  infections  in  such  diseases  as  scarlatina,  pyemia,  typhoid, 
gonorrhea,  etc.  In  some  cases  the  bacterium  of  the  primary  disease  is  the 
cause  of  the  secondary  joint  trouble  ;  in  others  it  depends  upon  complicating 
organisms  that  enter  accidentally.  The  disease  always  first  and  chiefly 
affects  the  synovial  membrane,  spreading  to  the  cartilages  much  later. 
Synovitis  is  limited  to  the  synovial  membrane ;  panarthritis  affects  all  the 
structures  of  the  joint. 

Serous  arthritis,  sometimes  also  called  hydrarthrosis  acutus,  is  character- 
ized by  serous  effusion  into  the  joints.  The  synovial  membrane  is  congested, 
swollen,  and  edematous.     Recovery  is  usually  simple  and  by  absorption. 

Serofibrinous  arthritis  resembles  the  serous  form,  but  is  complicated  by 
the  presence  of  fibrin.  In  some  cases  the  exudation  is  chiefly  fibrinous. 
As  there  is  much  greater  difficulty  in  absorbing  fibrin  than  serum,  cases  of 
this  variety  are  prone  to  run  a  longer  course  and  be  complicated  by  fibrous 
adhesions  built  upon  the  original  fibrinous  connections. 

A  form  of  serofibrinous  arthritis  in  which  the  synovial  membrane  becomes 
adherent  to  the  articular  cartilages  and  spreads  over  them  like  a  vascular 
membrane  is  sometimes  described  as  arthritis  pannosa  ox  synovitis  pannosa. 

Purulent  arthritis  is  the  most  serious  form  of  joint  inflammation.  It 
may  be  limited  to  the  synovial  membrane,  but  is  more  apt  to  affect  the  entire 
joint.  The  synovial  membrane  is  red  and  swollen,  covered  with  fibrin  and 
leukocytes.  The  joint  cavity  is  filled  and  more  or  less  distended  with  pus, 
and  in  severe  cases  the  cartilages  are  softened,  eroded,  carious,  and  even 
necrotic.     Perichondritis  may  occur  with  peri -articular  abscesses. 

The  acute  arthritis  may  recover  by  resorption,  and  even  in  the  extreme 
form  of  purulent  inflammation  may  leave  no  structural  changes.  On  the 
other  hand,  even  the  most  simple  serous  form  may  become  chronic.  The 
serous  and  serofibrinous  forms  show  changes  in  the  quality  of  the  exudate, 
which  becomes  more  or  less  gelatinous  or  even  colloid  in  appearance.  The 
fibrinous  form  is  accompanied  by  fibrous  adhesions,  while  the  purulent  form 
may  invade  the  cartilages  and  cause  more  and  more  destruction.  The  essen- 
tially chronic  forms  of  arthritis  have,  however,  a  quite  different  etiology,  and 
must  be  separately  considered. 

All  severe  cases  of  arthritis  end  in  the  formation  of  adhesions,  fibrous  in 
ordinary  cases,  bony  in  destructive  cases.  The  former  inhibits  the  use  of  the 
joint;  the  latter  obliterates  it.  Either  condition  is  known  as  ankylosis ;  the 
former  as  fibrous,  the  latter  as  bony,  ankylosis. 

Acute  polyarthritis,  or  acute  articular  rheumatism,  is  an  acute  febrile 
disease  characterized  by  painful  inflammation  of  one  or  many  joints.  The 
affection  is  commonly  believed  to  be  infectious,  and  conflicting  results  have 
followed  bacteriologic  investigation.  As  a  rule,  staphylococci  have  been 
cultivated  from  the  effusion  into  the  joints,  though  some  observers  have  dis- 
covered bacilli,  and  others,  gonococci.  The  specific  organism  has  not  been 
determined,  and  knowledge  of  the  etiology  of  the  disease  has  thus  been 
retarded.  In  gonorrhea,  metastatic  inflammation  of  the  joints — gonorrheal 
rheumatism  affecting  the  knees  and  ankles — can  easily  be  understood,  as 
there  is  an  active  primary  disease  in  progress.     The  same  is  true  of  purulent 
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arthritis  following  scarlatina  and  other  diseases  associated  with  streptococcic 
invasion  of  the  body.  Rheumatism,  however,  is  often  a  primary  affection, 
and  the  avenues  by  which  the  infectious  agents  enter  the  body  are  unknown. 

The  affection  not  only  attacks  the  joints,  but  may  affect  the  serous  mem- 
branes of  other  parts.  Thus,  the  endocardium  is  affected  in  about  25  per 
cent,  of  the  cases,  and  the  pericardium,  myocardium,  endarterium,  and 
other  serous  membranes  may  be  affected.  Rheumatism  is  thus  niuch  more 
than  a  simple  arthritis,  as  it  not  only  occasions  changes  in  the  joints,  but 
also  provokes  valvular  disease  in  the  heart,  with  many  secondary  circulatory 
complications,  of  which  not  a  few  may  be  fatal. 

Morbid  Anatomy. — The  affected  joints  are  swollen  and  very  painful. 
They  contain  an  abundant  serous  exudate  in  which  flakes  and  shreds  of  fibrin 
are  suspended  or  deposited  upon  the  articulating  surfaces.  The  synovial 
membranes  are  congested.  In  cases  of  considerable  duration  the  cartilages 
may  be  eroded,  and  in  chronic  cases  fibrous  ankylosis  may  occur  and  impede 
the  movements  of  the  parts.  The  effusion  rarely  contains  many  leukocytes, 
and  does  not  become  purulent. 

The  effusion  does  not  confine  itself  to  the  joints,  but  extends  into  the 
periarticular  tissue,  which  swells  in  consequence.  Sometimes  it  extends  into 
the  sheaths  of  the  tendons,  these  structures  at  times  being  first  affected. 

Recovery  may  be  perfect  and  without  subsequent  relapses,  but  more  fre- 
quently relapses  occur.  Not  infrequently  the  disease  becomes  subacute, 
affecting  joint  after  joint,  and  occasioning  more  or  less  deformity.  The 
chronic  form  is'  followed  by  ankylosis  and  deformity  somewhat  resembling 
rheumatoid  arthritis.  The  two  affections  must  not  be  mistaken  for  one 
another,  however,  as  rheumatoid  arthritis  is  an  insidious,  comparatively  pain- 
less, progressive  affection,  characterized  rather  by  deformity  than  by  pain ; 
while  chronic  rheumatism  succeeds  acute  and  subacute  rheumatism  and  is 
characterized  by  acute  attacks  of  painful  inflammatory  enlargement  of  the 
joints  with  fever.  Rheumatism  is  commonly  followed  by  endocarditis ; 
rheumatoid  arthritis  remains  local. 

Arthritis  deformans,  or  rheumatoid  arthritis,  is  a  chronic  affection  of  the 
joints,  usually  regarded  as  inflammatory  in  nature,  and  by  some  supposed  to 
depend  upon  bacteria.  The  disease  is  essentially  chronic.  It  is  more  fre- 
quent in  advanced  years  than  in  youth,  but  has  been  observed  in  childhood. 
Two  forms  are  described — that  affecting  single  joints  {monarticular')  and  that 
affecting  many  joints  {polyarticular).  The  former  is  most  frequent  in  the 
hip-  and  knee-joints,  while  the  latter  usually  makes  its  appearance  first  in 
the  phalangeal  and  metacarpophalangeal  and  metatarsophalangeal  articula- 
tions. The  monarticular  form  tends  to  extend  to  more  peripherally  lying 
joints ;  the  polyarticular  form  to  more  centrally  situated  joints. 

In  the  hands  the  resulting  deformity  is  characterized  by  a  predominance 
of  flexion  over  extension.  The  fingers  are  usually  extended,  except  the 
last  phalangeal  joint,  which  is  flexed.     As  a  rule,  the-  wrist  is  also  flexed. 

The  pathologic  alterations  are  partly  degenerative,  partly  proliferative. 
The  cartilage  is  softened,  fibrillated,  and  fissured.  These  lead  to  considerable 
destruction  of  the  superficial  layer  of  cartilage,  and  to  excavation  of  cavities 
where  the  proliferated  cells  degenerate.  These  retrogressive  changes  often 
extend  as  deeply  as  the  bone.  Not  infrequently  they  are  accompanied  by 
hyperplastic  changes,  which  form  more  or  less  prominent,  nodular  enlarge- 
ments at  the  edges  of  the  cartilages. 

As  the  cartilaginous  cellular  growths  and  degenerations  descend  toward 
the  bone,  the  tissue  often  becomes  penetrated  to  a  greater  or  less  extent  with 
medullary  spaces  in  which  osteoid  tissue  forms  and  may  calcify. 

The  tissue  of  the  capsule  of  the  joints  also  proliferates,  the  synovial 
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membranes  thicken,  and  often  become  folded  and  adherent.  Not  infre- 
quently the  synovial  membranes  become  distinctly  villous,  and  when,  as  some- 
times occurs,  fat  accumulates  in  the  processes,  a  peculiar  appearance  is  seen, 
known  as  lipoma  arborescens.  Sometimes  small  cartilaginous  and  bony  growths 
form  in  the  processes  of  the  synovial  membrane,  and,  becoming  detached, 
ioTcafree  bodies  in  the  joint.  The  bones  also  show  decided  porosity  of  the 
articulating  ends,  in  which  considerable-sized  cavities  or  cysts  may  form. 
The  combined  changes  of  cartilage  and  bone  are  succeeded  by  more  or 
less  deformity,  which  is  quite  apparent  when  the  skeleton  is  examined. 
While  occurring  in  all  the  affected  bones,  the  lesions  are  probably  most  typi- 
cal in  the  femur  at  the  hip,  and  give  one  the  impression  that  there  has  been 
a  marked  increase  of  plasticity  by  which  the  end  of  the  bone,  having  been 
pressed  while  soft,  has  run  over  at  the  edges  while  flattening  at  the  surface. 


Fig.  299. — Arthritis  deformans  (Orth). 

In  this  way  the  flattened  head  of  the  bone  is  surrounded  by  a  rather  sharp 
overhanging  bony  edge. 

If  the  process  be  more  destructive  and  the  changes  extreme,  the  bone 
may  be  so  altered  in  shape  by  flattening,  porosity,  excavation,  and  newly 
formed  processes  that  it  is  almost  unrecognizable  ;  indeed,  the  articular  end 
of  the  bone  may  be  destroyed  or  absent.  All  these  changes  of  the  bone 
take  place  under  the  cartilage  and  are  absorptive  in  nature.  This  loss  of 
substance  must  not  be  mistaken  for  the  result  of  attrition. 

While  the  destructive  process  is  in  progress  in  the  bone,  it  is  usual  for 
fibrous  union  of  the  bones — -ankylosis — to  take  place,  so  that  the  joint  cavity 
is  gradually  obliterated  and  the  bone  immovably  fixed.  The  loss  of  bony 
structure  often  makes  necessary  a  different  relation  of  the  ends  of  the  articu- 
lating bones,  so  that  a  condition  of  subluxation  (or  partial  displacement)  is 
frequent  and  true  luxation  (or  complete  displacement)  can  occur. 

The  disease  is  called  spondylitis  deformans,  or  rhizomelic  spondylosis  when 
it  affects  the  spinal  column. 

A  form  of  chronic  arthritis  resembling  rheumatoid  arthritis  or  arthritis 
deformans  sometimes  succeeds  traumatic  or  other  acute  arthritis.     It  is  essen- 
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tially  characterized  by  vascularization  of  the  cartilage  and  fibrous  union 
between  them.  It  may  affect  single  joints  when  succeeding  traumatic  in- 
juries, or  may  be  common  to  many  joints,  as  in  polyarthritis  rheumatica 
chronica,  and  is  called  by  Ziegler  arthritis  chronica  adhesiva.  The  condition 
is  readily  confounded  with  arthritis  deformans,  but  is  differentiated  from  it 
by  the  absence  of  cartilage  proliferation,  the  absence  of  superficial  cartilagin- 
ous destruction,  and  the  simple  transformation  of  the  cartilage  into  fibrillar 
connective  tissue. 

Senile  artliritis,  or  artliritis  clironica  ulcerosa  sicca,  closely  resembles  rheumatoid 
arthritis,  but  is  widely  distributed  over  the  entire  skeleton,  thus  resembling  more  closely   a 

nutritional  rather  than  an  inflammatory  proc- 
ess. The  cartilaginous  and  osseous  changes 
are  almost  identical  with  arthritis  deformans. 
The  disease  occurs  in  the  aged,  and  most  seri- 
ously affects  the  hip,  shoulder,  and  elbow. 

NeuropatMc  arthritis,  spinal  arthropa- 
thy, or  Charcot's  Joint,  is  a  joint  affection  ob- 
served in  posterior  sclerosis,  syringomyelia, 
poliomyelitis,  transverse  myelitis,  and  a  few 
other  forms  of  spinal  disease.  It  was  first 
carefully  studied  by  Charcot.  The  joints 
usually  affected  are  the  knee,  hip,  shoulder, 
elbow,  hand,  foot,  and  more  rarely  the  fingers. 
The  disease  is  rather  rapid  and  is  quite  de- 
structive, thickenings  and  ulcerations  forming 
upon  the  synovial  membrane  and  ligaments. 
Serous  exudates  and  inflammations  of  the 
peri-articular  tissues  occur,  and  spontaneous 
luxation  is  not  infrequent.  The  cause  of  the 
affection  is  supposed  to  be  a  trophic  neurosis. 
In  general  the  pathologic  changes  resemble 
those  of  arthritis  deformans. 

Arthritis  urica,  artliritis  uratica, 
podagra,  or  gout,  is  a  form  of  arth- 
ritis characterized  by  the  deposition 
of  urates  in  the  joints.  It  is  a  com- 
mon affection  in  England,  though 
more  rare  in  America.  It  occurs 
chiefly  in  persons  with  a  hereditary 
tendency  to  what  is  known  as  the 
uric-acid  diathesis,  and  is  rarely  ob- 
served except  in  well-to-do  persons, 
who  eat  too  much  and  exercise  too 
little.  It  is  sometimes  caused  by 
lead-poisoning.  This  form  of  arth- 
ritis usually  affects  the  smaller  joints 
of  the  hands  and  feet,  and  in  the 
form  known  ss,  podagra  \%  most  fre- 
quent in  the  metatarsophalangeal  articulation  of  the  great  toe.  It  is  a 
paroxysmal  affection,  at  least  in  the  beginning,  and  is  marked  by  distinct 
attacks. 

An  attack  is  characterized  by  redness  and  swelling  of  the  joint  and  an 
effasion  into  it  of  clear  watery  fluid  from  which  salts'^ of  the  urates  are  de- 
posited in  the  matrix  of  the  cartilages,  in  the  ligaments,  in  the  synovial 
membrane,  and  sometimes  in  the  neighboring  tendon-sheaths.  It  is  an  ex- 
quisitely painful  affection.  The  salts  found  in  the  deposit  are  urates  of 
sodium,  calcium,  magnesium,  and  ammonium  ;  sodium  chlorid  :  carbonate 
and  phosphate  of  lime,  and  hippuric  acid.  They  collect  in  masses,  forming 
at  times  large,  mortar-like  or  chalky  deposits,  which  are  found  in  the  carti- 
lage and   ligaments,  in  the  neighboring  tendon-sheaths,  and  in  protracted  ^ 


Fig.  300. — Spondylitis  deformans.  Speci- 
men  showing  lipping  and  ossification  of  liga- 
jnents  on  the  right  side  of  the  spine  (Guy's 
Hospital  Museum). 
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cases  in  the  periosteum  and  articular  ends  of  the  bone.  In  markedly  gouty 
persons  the  salts  are  also  deposited  here  and  there  in  small  masses  in  the 
subcutaneous  tissue,  especially  in  the  external  ear.  Such  collections  of  salts 
are  called  tophi. 

Repeated  attacks  of  the  gout  are  followed  by  a  subacute  and  finally  by 
chronic  arthritis,  with  softening  and  fibrillation  of  the  cartilage,  erosions 
upon  the  surface,  proliferation  of  the  periosteum,  and  more  or  less  periostitis 
ossificans. 

Gout  {q.  v.)  is  not  simply  a  joint  affection  of  urate  deposits,  but  includes 
a  variety  of  nutritional  disturbances,  such  as  fatty  heart,  fatty  liver,  urinary 
gravel  and  calculus,  contracted  kidney,  arteriosclerosis,  etc. 

Tuberculosis  of  the  joints,  or  tuberculous  arthritis,  is  a  frequent  patho- 
logic condition  usually  developing  in  childhood  and  in  those  having  a  heredi- 
tary predisposition  to  the  disease.  It  may  affect  almost  any  joint,  though 
those  most  commonly  diseased  are  the  hip,  knee,  wrist,  ankle,  spine,  and 
smaller  joints  of  the  fingers  and  toes. 

The  disease  is  usually  secondary  to  primary  disease  of  the  bones,  reaching 
the  aj-ticular  cartilages  by  continuity  of  tissue. 

Tuberculosis  of  the  joints  is  also  often  of  primary  occurrence,  depending 
upon  the  lodgment  of  tubercle  bacilli  in  the  synovial  membrane.    It  seems  that 


Fig.  301.— Arthritis  uratica  (Orth). 

in  these  cases  traumatic  injuries  have  some  determining  importance.  They 
have,  of  course,  nothing  to  do  with  the  entrance  of  the  tubercle  bacillus 
into  the  blood,  but  when  they  are  already  present,  experiment  seems  to  show 
that  an  injury,  such  as  a  contusion,  may  determine  that  the  affected  joint 
shall  become  the  seat  of  the  disease. 

The  tuberculosis  usually  begins  in  the  synovial  membrane,  and  is  charac- 
terized by  the  formation  of  a  rich  granulation  tissue,  projecting  on  all  sides 
from  the  membrane,  forming  a  somewhat  fungous  mass,  and  justifying  the 
Tiaxas  fungous  joint  disease. 

In  the  granulation  tissue  many  small  whitish,  yellowish,  or  grayish  tuber- 
cles may  be  found,  both  by  naked-eye  and  microscopic  examination.  These 
tubercles  and  the  granulation  tissue  in  which  they  occur  not  infrequently 
show  a  pronounced  disposition  to  undergo  caseous  degeneration.  From  the 
synovial  membrane  the  infection  extends  to  the  cartilages,  this  extension  not 
infrequently  being  preceded  by  an  arthritis pannosa  which  glues  the  synovial 
membrane  to  the  cartilages.  There  are  many  enlargements  at  the  edges  of 
the  synovial  fringes,  some  of  them  being  much  like  "  rice  bodies  "  in  appear- 
ance.    Upon  examination  they  are  found  to  be  tuberculous. 

When  the  cartilage  is  invaded  from  the  bone,  the  lesions  are  much  more 
destructive,  the  invasion  being  accompanied  by  more  or  less  wide-spread, 
superficial  or  deep  erosion,  caries,  and  necrosis.     The  ligaments  of  the  joint 
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are  also  affected  and  often  weakened  to  so  marked  a  degree  that  subluxations 
readily  occur.  As  the  cartilage  and  ligaments  are  eroded,  it  is  not  uncommon 
to  find  rupture  of  the  joint  followed  by  the  escape  of  a  softened,  infectious 
material  into  the  surrounding  soft  parts.  The  usual  result  is  cold  abscess. 
Such  a  lesion,  especially  at  the  knee-joint,  is  known  as  a  white  swelling;  at 
the  hip-joint,  as  coxalgia. 

According  to  the  course  of  the  disease  and  the  peculiarities  it  preserits 
tuberculous  arthritis  is  divided  into  the  fungous  form,  in  which  the  synovial 
membrane  develops  into  a  large,  spongy,  necrotic,  or  cheesy  mass;  the 
granular  form,  characterized  by  the  presence  in  the  synovial  membrane  of 
small  grayish  or  whitish  tubercles ;  the  ulcerative  form,  accompanied  with 
rapid  diffuse  caseation,  erosion,  necrosis,  and  deformity  of  the  cartilages, 
invasion  of  the  bones,  destruction  of  the  ligaments,  and  the  formation  of 
cold  abscess;  and  ih.&  purulent  form,  in  which  the  joint  is  filled  with  pus. 

Tuberculosis  of  the  joints  is  usually  accompanied  by  a  peculiar  swelling 
of  the  surrounding  soft  parts,  the  skin  presenting  a  white,  shining,  smooth, 
bacony  appearance,  which  led  the  older  surgeons  to  describe  it  as  white 
swelling. 

Tuberculous  arthritis  is  characterized  by  persistent  extension  with  more 
and  more  advanced  bone  and  cartilage  involvement,  and,  if  the  joint  be  a 
large  one,  by  ultimate  marasmus,  amyloid  disease,  exhaustion,  and  death. 
In  some  cases  cold  abscesses  form,  rupture,  and  leave  fistulse  through  which 
the  products  of  disease  are  eventually  discharged.  Other  cases  rupture 
directly  at  the  surface  and  permit  necrotic  cartilage  fragments,  "rice 
bodies,"  products  of  coagulation  necrosis,  pus,  etc.,  to  escape,  so  that  ulti- 
mate healing  may  go  on.  Finally,  a  few  cases  recover  by  cessation  of  the 
process,  absorption  of  the  products,  and  ultimate  cicatrization.  It  is,  how- 
ever, usual  for  fibrous  adhesions,  and,  indeed,  sometimes  dense  fibrous  or 
bony  ankylosis,  to  develop.  It  rarely  occasions  metastatic  tuberculosis  of 
other  organs. 

Syphilitic  arthritis  is  sometimes  observed  in  children  with  congenital 
syphilis.  It  is  a  varied  process,  not  well  characterized,  sometimes  manifest- 
ing itself  in  ulcerations  of  the  articular  cartilages,  fibrous  thickenings,  and 
purulent  exudate ;  sometimes  as  gumma  in  the  tissues  of  the  joint ;  some- 
times in  the  osteochondritis  at  the  diaphyso-epiphyseal  junction. 

Syphilitic  arthritis  of  the  adult  occurs  in  both  the  secondary  and  tertiary 
manifestations  of  acquired  syphilis.  In  the  secondary  form  it  usually 
appears  as  serous  and  serofibrinous  inflammations.  These  may  be  mild  or 
severe,  and  sometimes  resemble  rheumatism.  The  synovial  membrane  is 
usually  affected. 

The  tertiary  manifestations  appear  chiefly  as  arthropathies  of  chronic 
course,  sometimes  resembling  arthritis  deformans,  but  differentiated  by  the 
stellate  and  irregular  shape  of  the  lesions,  and  by  the  fact  that  they  fOrm 
irregular  pits,  sharply  outlined  and  surrounded  by  dense  fibrillar  cicatricial 
tissue.  These  lesions  are  said  to  be  so  numerous  at  times  that  scarcely  any 
part  of  the  cartilaginous  surface  is  free  and  regular.  The  synovial  membrane 
is  usually  thickened  and  adherent.  According  to  Birch-Hirschfeld,  these 
lesions  are  the  result  of  gummatous  disease  of  the  joint. 

Tumors  of  the  joints  are  very  rare.  The  synovial  fringes  at  times 
become  the  seat  of  fatty  accumulations  and  form  a  variety  of  lipoma  de- 
scribed as  lipoma  arborescens  when  wide-spread.  Free  bodies  or  joint  mice 
are  often  formed  by  hypertrophy  of  villi  of  the  synovial  membrane  with 
cartilage  in  the  interior.  These  enlarge  greatly  and  are  set  free  by  subse- 
quent rupture  of  their  pedicles.  These  may  be  as  large  as  a  hazelnut,  and 
are  most  frequent  in  the  knee-joint.     Other  small  bodies — rice  bodies — are 
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likewise  formed  from  the  villi  of  the  synovial  membrane,  usually  during  the 
course  of  inflammation. 

Traumatic  Injuries  of  the  Joints.— Luxation.— Luxation  is  a  dis- 
placement of  the  articulating  ends  of  the  bones  entering  into  the  forma- 
tion of  a  joint,  with  rupture  of  the  ligaments.  The  immediate  effect  is 
the  occurrence  of  some  hemorrhage,  followed  in  uncomplicated  cases  by 
absorption  of  the  blood  and  connective-tissue  proliferation  by  which  repair 
is  brought  about.  The  changes  vary  according  to  the  position  of  the 
bones.  If  the  bone  enters  its  normal  position  again, — that  is,  if  the  luxation 
be  reduced, — the  subsequent  changes  amount  to  no  more  than  a  restitutio 
ad  integrum.  If  the  luxation  be  not  reduced  and  the  displaced  bone  remains 
in  an  abnormal  environment,  somewhat  complicated  changes  occur.  Those 
tissues  pressed  upon  by  the  bone  atrophy.  The  articular  end,  no  longer  in 
conjunction  with  its  fellow,  becomes  covered  with  connective  tissue"  that 
chiefly  develops  from  the  lacerated  capsule.  The  cartilage  becomes  fibril- 
lated  and  gradually  changes  to  connective  tissue.  New  bone  is  formed,  and 
the  condyle  of  the  articulating  end  becomes  diminished  in  size. 

The  proximal  bone  also  suffers.  If,  however,  the  two  bones  come  to- 
gether in  an  unusual  position,  either  they  unite  by  ankylosis  or  a  new  joint 
is  formed.  This  is  accomplished  through  the  excavation  of  the  bone  by 
pressure  atrophy,  and  partly  by  a  surrounding  bony  reinforcement  caused  by 
ossifying  periostitis.  The  surrounding  connective  tissue  forms  the  analogue 
of  the  capsular  ligament.  A  synovial  membrane  finally  develops,  and  a 
true  nearthrosis  results. 

Ankylosis  is  the  union  of  articulating  bones  by  fibrous  or  bony  connections  by  which  their 
mobility  is  partially  or  completely  destroyed.  It  is  a  frequent  outcome  of  diseases  of  the 
joints,  and  has  already  frequently  been  mentioned.  Under  such  conditions  it  is  usually 
Jibrous  ankylosis,  though  bony  ankylosis  may  also  occur.  In  cases  of  surgical  resection  of 
bones  bony  union  is  always  expected.  The  formation  of  bony  union  in  these  cases  is  almost 
identical  with  the  healing  of  fractures,  except  that  no  provisional  callus  is  formed. 

DISEASED  CONDITIONS  OF  THE  TENDONS  AND  BURSAE. 

Tendosynovitis,  or  inflammation  of  the  sheaths  of  the  tendons,  is  a 
frequent  affection.  It  may  be  characterized  by  a  serous,  serofibrinous,  purely 
fibrinous,  or  in  secondary  cases  depending  upon  infected  wounds,  by  a 
purulent  exudate.  The  disease  is  painful,  and  when  the  parts  are  moved,  a 
distinct  crepitation  may  be  felt,  depending  upon  the  movement  of  the  exu- 
date-covered  tendon  through  the  exudate-covered  sheath.  This,  of  course, 
occurs  only  in  the  form  with  simple  fibrinous  exudate,  and  is  often  described 
as  tendovaginitis  sicca. 

The  disease  may  terminate  by  resolution  or  become  chronic. 

Chronic  tendosynovitis  may  lead  to  the  formation  of  dropsical  accumu- 
lations in  the  sheaths — hydrops  tendovaginalis ;  or,  if  adhesions  form  here 
and  there,  the  dropsy  will  occur  locally  in  the  form  of  cystic  dilatations. 
From  the  villi  of  the  serous  membrane  small  bodies  similar  to  those  sometimes 
seen  in  the  joints  are  formed.     They  are  called  corpora  oryzoidea. 

In  severe  cases  the  chronic  tendosynovitis  may  lead  to  strong  permanent 
adhesions  between  tendon  and  sheath,  and  interfere  with  motion.  Hard, 
rounded  cysts  of  the  tendon-sheaths,  usually  observed  upon  the  backs  of  the 
hands  and  wrists,  are  called  ganglia.  Their  formation  depends  upon  local 
dropsy  and  hernia  of  the  sheath. 

Tuberculosis  of  the  tendon -sheaths  accompanies  tuberculosis  of  the 
bones  and  joints.  It  may  occur  in  the  form  of  diffuse  mihary  tubercles 
along  the  tendon-sheaths,  or  as  caseous  masses  more  distinctly  localized. 

Bursitis,  or  inflammation  of  the  bursas,  is  seen  occasionally,  the  most 
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familiar  form  being  the  housemaid' s  knee,  which  affects  the  patellar  bursa. 
The  inflammation  usually  results  from  traumatic  injuries,  and  may  be  charac- 
terized by  serous,  serofibrinous,  or  more  rarely  purulent  exudates.  The 
bursas  may  greatly  enlarge  during  the  process  of  disease.  Ordinarily  the 
exudate  is  absorbed.  The  affection  may  become  chronic,  and  the  walls  of 
the  bursa  may  thicken  and  show  papillary  growths  from  the  interior. 

DISEASES  OF  THE  VOLUNTARY  MUSCLES. 

Necrosis  of  muscular  tissue  results  from  traumatic  injuries,  burns,  frost-bite,  decubitus, 
local  anemia,  inflammation,  and  a  variety  of  other  local  causes.  It  also  occurs  frequently  in 
the  specific  infectious  diseases,  probably  most  frequently  in  typhoid  fever  and  diphtheria. 
The  muscle  becomes  discolored,  black-brown  or  blackish-gray,  and  melts  away. 

Hyaline  or  waxy  degeneration  of  the  muscle  is  characterized  by  indefiniteness  and  final 
loss  of  the  transverse  striations,  and  the  transformation  of  the  muscle  tissue  into  fragments  of 
shining,  hyaline,  or  homogeneous  material  which  contract  within  the  sarcolemma  so  that  it  be- 
comes unusually  distinct.  Further  retrogression  of  the  tissue  changes  the  hyaline  bodies  into 
granular  masses,,  sometimes  spoken  of  as  sarcolytes,  which  gradually  melt  away  and  are  ab- 
sorbed. Hyaline  degeneration  occurs  in  the  infective  diseases,  and  will  be  best  observed  in 
the  abdominal  muscles  and  long  muscles  of  the  thigh. 

Degenerations  of  the  Muscular  Tissue. — Cloudy  swelling  of  the  muscles  takes  place 
under  the  same  conditions  as  cloudy  swelling  generally — that  is,  infectious  and  toxic  condi- 
tions. It  is  characterized  by  a  hypergranular  condition  of  the  sarcoplasm  and  readily  passes 
into  fatty  degeneration. 

Fatty  metamorfhosis  of  the  muscles  succeeds  the  cloudy  swelling  in  violent  irritative  con- 
ditions, such  as  phosphorus  and  arsenic  poisoning.  The  fatty  granules  are  observed  in  the 
muscle-fibers,  to  which  they  sometimes  impart  a  yellowish  color.  The  knife  may  become  oily 
when  the  muscles  are  incised. 

Fatty  infiltration  of  the  muscles,  or  lipomatosis  muscularis,  is  a  fatty  deposit  in  the  muscle 
between  its  fibers.  It  is  sometimes  seen  in  obesity,  but  more  frequently  in  the  muscular  dys- 
trophies, notably  the  pseudohypertrophic  muscular  palsy.  The  presence  of  the  fat  gives  the 
muscular  tissues  a  yellow  color  and  a  pallor  quite  unnatural  to  them.  The  muscular  tissue 
atrophies  in  consequence  of  the  pressure  of  the  fatty  globules.  ' 

Amyloid  disease  is  rare  in  the  striated  muscles,  though  not  infrequent  in  the  unstriped 
muscles.     It  has  been  observed  in  the  tongue  and  muscles  of  the  larynx  in  a  nodular  form. 

Calcification  of  the  muscles  is  observed  in  myositis  ossificans  (q.  v.). 

Hydropic  or  vacuolar  degeneration  of  the  muscles  is  characterized  by  the  formation  of  clear 
drops,  single  or  in  considerable  numbers,  in  the  interior  of  the  fibers.  The  condition  may  be 
so  marked  that  the  fibers  appear  broken  up  or  even  frothy  from  their  presence. 

Hypertrophy  of  the  muscles  is  usually  the  result  of  excessive  function,  and  is  compensatory. 
It  is  best  illustrated  in  the  muscles  of  athletes  during  training,  and  in  blacksmiths. 

Pseudomuscular  hypertrophy  is  a  dystrophy,  and  will  be  described  below.  Thomsen's 
disease  is  said  by  Erb  and  others  to  be  associated  with  local  hypertrophies  of  the  muscles. 

Atrophy  of  the  ]VIuscles.^&'»«;>/fi  atrophy  of  the  muscle-fibers  is  characterized  in  a  dim- 
inution in  the  quantity  of  muscular  substance  in  a  fiber  without  appreciable  qualitative  altera- 
tion or  structural  change.  The  atrophy  may  progress  to  the  complete  extinction  of  the  fiber, 
its  strise  remaining  to  the  last.  The  condition  occurs  in  marasmus,  anemia,  inactivity  palsy, 
and  in  the  neighborhood  of  tumors.     It  also  occurs  in  senility. 

Brown  atrophy  of  the  voluntary  muscles  is  characterized  by  minute  pigment-granules  in 
the  fibers,  which  become  darker  in  color  because  of  their  presence.  The  process  is  analogous 
to  brown  atrophy  of  the  heart  muscle  {q.  v.).  Brown  atrophy  of  the  muscles  is  not  uncom- 
mon in  senility. 

Dystrophy  is  a  term  used  to  express  atrophic  and  degenerative  condi- 
tions of  the  muscles  in  which,  in  addition  to  the  simple  atrophy  of  some  of 
the  fibers,  others  show  dichotomous  branchings,  splitting,  fractures,  and 
vacuolation.  Some  of  the  more  healthy  fibers  are  hypertrophied.  Prolifera- 
tion of  the  muscle  nuclei  and  increase  of  sarcoplasm  also  occur,  and  regen- 
erative efforts  are  probably  manifested  by  the  presence  of  multicellular  myo- 
blasts and  rows  of  muscle  nuclei  between  the  remaining  muscle-fibers.  Fatty 
infiltration  occurs  between  the  degenerating  fibers  in  the  pseudohypertrophic 
muscular  palsy. 

In  progressive  muscular  atrophy  the  perimysium  interium  is  richer  in 
nuclei  and  better  developed  than  in  healthy  muscle,  and  not  infrequently 
shows  fatty  degeneration.     The  greater  the  loss  of  muscular  tissue,  the  richer 
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the  tissue  becomes  in  nuclear,  fibrillar  connective  tissue,  with  which  the  sar- 
colemma  sheath  unites.  The  fibers  in  process  of  atrophy  usually  begin  by 
longitudinal  rather  than  transverse  cleavage. 

A  peculiar  form  of  muscle  destruction  seen  in  progressive  muscular  atrophy 
is  described  by  Friedreich  as  elementary  cleavage,  and  by  Zenker  as  discoidal 
destruction.  It  is  the  splitting-up  of  the  fibers  into  their  contractile  discs, 
depending  upon  a  more  rapid  destruction  of  the  kitt-substance  (cementing 
substance)  than  of  the  prisms. 

Hyaline  degeneration  is  also  sometimes  observed  in  the  dystrophies. 

The  muscular  dystrophies  are,  for  the  most  part,  necrotic  or  neuropathic 
lesions,  seen  in  diseases  of  the  nervous  system,  especially  those  lesions  of 
the  spinal  cord  in  which  the  ganglionic  cells  of  the  anterior  cornua  are 
affected. 

Among  the  conditions  in  which  they  occur  may  be  mentioned — (i)  De- 
generations of  the  peripheral  nerves,  such  as  occur  in  the  infections  and  in- 
toxications. This  form  may  recover  by  regeneration  of  the  muscular  tissue 
after  the  neuritis  recovers.  (2)  Diseases  of  the  spinal  cord,  among  which 
may  be  mentioned  myelitis,  poliomyelitis  anterior  acuta,  poliomyelitis 
chronica,  or  progressive  muscular  atrophy,  amyotrophic  lateral  sclerosis, 
and  various  local  lesions  of  the  cord  and  its  membranes.  (3)  Diseases  of 
the  anterior  nerve-roots.  (4)  Diseases  of  the  pons,  the  progressive  glosso- 
labiopharyngolaryngeal  palsy.  (5)  Diseased  conditions  seeming  to  reside  in 
the  muscles  themselves,  and  possibly  in  the  nerve-endings,  as  in  pseudo- 
hypertrophic muscular  palsy. 

The  dystrophies  sometimes  affect  the  muscles  in  groups  corresponding  to 
the  nerves  or  nerve-centers  affected,  sometimes  progress  fiber  by  fiber,  be- 
ginning in  certain  groups  of  muscles  in  a  manner  not  easily  explained.  Thus 
the  anterior  poliomyelitis  produces  dystrophies  of  the  muscles  of  the  upper 
extremity  when  in  the  cervical  region,  of  the  lower  limb  if  in  the  lumbar 
enlargement.  Progressive  muscular  atrophy  usuall)-  begins  in  the  muscles 
of  the  hand,  shoulder,  and  buttock.  Pseudohypertrophic  muscular  palsy 
first  shows  itself  in  the  calves  of  the  legs,  upper  arms,  thighs,  forearms,  and 
deltoids,  and  gradually  spreads. 

The  dystrophies  are,  for  the  most  part,  progressive,  of  insidious  onset, 
and  slow  course.  They  may  terminate  in  almost  complete  loss  of  muscular 
substance.     Few  are  known  to  recover. 

Myositis,  or  inflammation  of  the  muscle,  usually  occurs  in  conse- 
quence of  inflammation  of  surrounding  tissues.  It  is  frequent  in  traumatic 
and  infectious  wounds  and  in  fracture  of  bones,  and  is  often  secondary  to 
inflammatory  diseases  of  the  bones  and  joints.  It  may  depend  upon  the 
presence  of  parasites,  as  in  the  case  of  trichinae,  and  is  sometimes  occasioned 
by  the  hematogenous  distribution  of  bacteria  in  pyemia.  A  special  form  of 
myositis  of  infectious  origin,  affecting  many  muscles  siinultaneously,  is  called 
polymyositis. 

The  inflammation  may  be  of  all  grades  of  severity,  but  is  usually  mild. 
The  affected  tissue  is  congested,  swollen,  and  more  or  less  edematous  from 
the  presence  of  a  serohemorrhagic  exudate.  In  scorbutus  a  serohemorrhagic 
inflammation  with  considerable  bloody  exudate  is  common. 

Purulent  myositis,  representing  more  serious  damage  to  the  tissue,  is 
characterized  by  abscess  formation  with  necrosis  and  wide-spread  destruction 
of  muscular  tissue. 

The  inflammatory  affections  of  the  muscles  usually  heal  readily  by  absorp- 
tion of  the  exudate  and  regeneration  of  the  lost  tissue,  or  in  cases  where 
this  is  not  possible,  by  the  fonnation  of  cicatrices  which  form  dense  callous 
connective-tissue  masses,  and  not  infrequently  lead  to  deformity  by  shorten- 
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ing  the  muscles  as  they  contract.     Abscesses  sometimes  become  encapsulated 
and  may  become  calcified. 

Chronic  myositis,  or  myositis  fibrosa,  often  follows  the  acute  myositis. 
It  is  characterized  by  connective-tissue  formation  in  the  muscle  and  atrophy 
of  the  original  tissue  by  its  pressure.  It  sometimes  succeeds  neuropathic 
muscular  lesions. 

Myositis  ossificans  is  a  chronic  inflammatory  disease  of  the  muscles,  suc- 
ceeding frequently  repeated  mild  traumatic  injuries  in  which  bone  is  formed 
in  the  intermuscular  connective  tissue,  fascia,  tendons,  and  aponeuroses. 

The  bone  usually  occurs  in  the  form  of  spicules  and  plates,  more  rarely  in 
rings.  The  disease  affects  the  deltoid,  pectoral,  and  adductor  muscles 
of  the  thigh,  and  is  seen  chiefly  in  soldiers.  The  traumata  predisposing 
to  bone-formation  are  supposed  to  be  the  frictions  and  slight  injuries  caused 
by  the  gun  and  saddle  in  drilling  and  riding,  whence  the  names  by 
which  the  Germans  denominate  them — Reit  and  Exercier-Knochen  (riding 
and  drilling  bones).  The  bony  formations  are  not  only  seen  in  soldiers,  but 
also  among  various  tradesmen  whose  muscles  are  similarly  influenced. 

Myositis  ossificans  progressiva  is  a  different  affection  of  unknown  origin, 
usually  affecting  youthful  persons,  and  beginning  in  the  muscles  of  the  back 
of  the  neck,  gradually  spreading  to  a  great  number  of  muscles,  in  all  of  which 
bony  formations  occur. 

The  disease  is  said  to  begin  in  a  doughy  swelling  of  the  muscle,  which  is 
followed  by  the  formation  of  connective  tissue  and  by  some  atrophy  of  the 
proper  muscular  substance.  In  this  newly  formed  connective  tissue,  as  well 
as  in  the  perimysium,  septa,  tendons,  and  aponeuroses,  bony  formations 
occur  in  the  form  of  spicules,  plates,  bands,  cylinders,  crescents,  etc.  There 
a^e  also  frequent  exostoses  from  the  bones  themselves,  especially  those  of  the 
spinal  column. 

The  outcome  of  the  interesting  process  is  what  the  museums  describe  as 
a  petrified  man,  for  little  by  little  the  bony  formation  increases  until  the  con- 
tractile muscles  are  replaced  by  rigid  bone  tissue,  which  prevents,  to  a 
greater  or  less  extent,  mobility  of  the  limbs.  The  bone-formation  may  take 
place  directly  in  the  connective  tissue,  or  may  occur  through  the  intermediate 
formation  of  hyaline  cartilage. 

Tuberculosis  of  the  muscular  tissue  is  unusual.  It  is  almost  always 
secondary  to  tuberculosis  of  the  bones  and  joints,  and  leads  to  the  formation 
of  either  cheesy  masses  or  fibrous  indurations.  Cold  abscesses  not  infre- 
quently form  when  tuberculous  disease  of  the  bones  is  associated  with 
secondary  disease  of  the  muscles,  the  cheesy  pus  finding  its  way  by  gravi- 
tation to  the  opposite  end  of  the  affected  muscle,  where  the  abscess  may 
point. 

Hematogenous  tuberculosis  is  rare.  It  usually  assumes  the  form  of  mili- 
ary tuberculosis. 

Syphilis  of  the  muscles  is  rare,  occurring  in  the  form  of  gumma  or 
of  dense  connective-tissue  callosities.  The  muscles  affected  are  chiefly  those 
of  the  upper  extremity,  especially  the  biceps,  those  of  the  neck,  tongue, 
back,  and  the  sphincter  ani.  The  indurations  are  associated  with  atrophy  of 
the  muscular  tissue. 

Glanders  and  actinomycosis  occasionally  invade  the  muscles,  pro- 
ducing their  respective  characteristic  lesions. 

Tumors  of  the  muscles  more  frequently  develop  from  the  septa  and 
fascia  than  from  the  muscular  tissue  itself.  Among  those  described  are 
fibroma,  lipoma,  myxom.a,  chondroma,  hemangioma,  and  lymphangioma. 
Rhabdomyoma  has  been  observed  only  in  very  few  cases.  Sarcoma  and  its 
various  combinations  are  occasionally  seen  forming  nodes  of  various  sizes. 
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Secondary  tumors  are  not  infrequent.  Of  these,  carcinoma  is  the  most 
common.  It  occurs  secondarily  to  carcinoma  of  the  mamma,  stomach,  epi- 
thelioma of  the  lip,  skin,  etc.,  and  is  sometimes  of  lymphatic  origin,  some- 
times of  hematogenous  origin.  Carcinoma  of  the  muscles  usually  assumes 
the  form  of  a  diffuse  infiltration,  with  occasional  nodular  formations.  The 
carcinoma  cells  can  sometimes  be  observed  in  the  sarcolemma  sheaths,  where 
their  pressure  upon  the  contractile  substance  of  the  muscle  causes  atrophic 
areas  which  Ziegler  compares  to  Howship's  lacunae  of  bone. 

Secondary  sarcoma  of  metastatic  origin  is  seen  occasionally. 

Parasites  of  muscle  are  numerous.  The  most  important  are  the  Trichina 
spiralis,  the  Cysticercus  cellulosce,  and  the  Tcenia  echinococcus,  all  of  which 
are  described  in  the  section  upon  Parasites. 


CHAPTER    VIII. 
THE  NERVOUS  SYSTEM. 
DISEASES  OF  THE  SPINAL  CORD. 

Congenital  malformations  of  the  spinal  cord  are  of  rare  occurrence.  Monsters  having 
four  legs,  two  heads,  etc.,  may  have  double  or  bifurcated  cords,  peculiar  to  the  individual  case. 
Sometimes  the  cord  is  abnormally  long,  descending  to  the  sacrum. 

Micromyella  is  a  condition  in  which  the  spinal  cord  is  either  abnormally  short  or  abnor- 
mally small. 

DiaBtematomyella  is  a  partial  doubling  of  the  spinal  cord  in  the  lumbar  region.  Rarely 
the  lower  part  of  the  cord  is  divided  at  the  lumbar  enlargement,  without  coincident  division 
of  the  spinal  column.  Sometimes  there  is  a  bony  septum  between  the  two  cords.  Each 
half  is  typical  in  its  construction  and  arrangement  as  regards  white  and  gray  matter. 

Asymmetry  of  the  cord  is  sometimes  seen.  Whole  tracts  may  be  missing  on  one  side  or 
on  both.  The  absence  of  these  tracts  usually  depends  upon  incomplete  development  or  upon 
irregular  division  of  the  nerve-bundles.  The  condition  may  also  depend  upon  irregular  pyra- 
midal decussation,  by  which,  in  the  change  to  the  opposite  side,  nearly  the  whole  pyramid, 
instead  of  one-half  of  its  fibers,  cross  over. 

Heterotopia,  or  abnormal  shape  and  position  of  the  gray  matter,  is  sometimes  seen. 
The  heterotopic  appearance  may  occur  in  any  part  of  the  cord,  and  may  not  involve  the 
entire  cord. 

Heterotopia  is  closely  simulated  by  artefacts  brought  about  by  accidents  to  the  spinal 
cord  in  removing  it  from  its  bony  encasement. 

Hydromyelia,  or  hydrorracMs,  is  a  dilatation  of  the  central  canal  of  the  cord  by  accu- 
mulated cerebrospinal  fluid.  It  is  a  frequent  congenital  condition,  related  to  hydrocephalus 
interna.  The  central  canal  is  not  only  sometimes  abnormally  large,  but  in  imperfectly  formed 
conditions  may  be  double  or  seemingly  double.  The  dilatation  of  the  cord  in  hydromyelia 
is  not  uniform,  but  frequently  subject  to  greater,  indeed,  almost  cystic,  enlargement  here  and 
there.  When  hemorrhage  occurs  into  the  dilated  part,  the  condition  is  described  as  hemato- 
myella. 

Amyelia,  or  absence  of  the  spinal  cord,  occurs  only  in  brainless  monsters  {anencephalia). 

HydrorrhacMs  externa  is  a  collection  of  fluid  in  the  subarachnoid  spaces.  It  corre- 
sponds to  hydrocephalus  externa. 

Spina  bifida  is  an  interesting  congenital  condition  of  not  infrequent  occurrence.  It 
depends  upon  incomplete  development  of  the  vertebral  column,  by  which  the  posterior  proc- 
esses, failing  to  unite,  leave  fissures  or  clefts,  usually  in  the  lumbar  or  sacral  regions,  though 
occasionally  in  the  dorsal  or  cervical  regions.  The  clefts  are  known  as  rachischisis.  The 
spina  bifida  is  formed  by  a  hernial  protrusion,  of  the  membranes  of  the  cord  through  this 
opening.  The  hernia  may  be  covered  with  skin,  which  is  usually  hairy,  or  may  occur  through 
the  skin,  leaving  the  pia  of  the  cord,  thickened  by  external  contacts  and  covered  with  granu- 
lations, the  only  covering.  If  the  hernial  protrusion  embraces  the  spinal  membranes  only,  it 
is  called  a  meningocele.  When  there  is  a  simultaneous  collection  of  fluid  in  the  interior  of  the 
cord,  dilating  and  attenuating  it  so  that  it  forms  a  thin  layer  or  sac  of  the  spina  bifida,  the 
condition  is  described  as  ntyelomenlngocele. 

Atrophy  of  the  spinal  cord  occurs  in  extreme  old  age,  as  the  result  of  disease  of  certain 
of  its  structures,  after  amputation  of  one  of  the  limbs,  and  rarely  under  circumstances  which 
cannot  well  be  explained.  In  atrophy  both  the  nerve-cells  and  fibers  may  be  involved, 
becoming  smaller  and  finally  disappearing. 

The  most  important  atrophic  changes  of  the  cord  occur  in  the  anterior  cornua  of  the  gray 
matter,  and  are  characterized  by  progressive  diminution  of  the  ganglion-cells.  The  condition 
may  progress  to  complete  loss  of  the  cells  and  a  majority  of  the  fibers. 

In  some  cases  the  atrophy  is  accompanied  by  such  cellular  changes  as  pigmentation,  hya- 
line degeneration,  fatty  metamorphosis,  and  calcification  of  the  elements. 

Myelitis  is  a  term  used  to  describe  retrogressive  changes  in  the  nervous 
tissue  resulting  from  inflammation  and  injury.  The  peculiarities  of  the 
nervous  tissue  are  such  that  it  is  with  much  difficulty — if,  indeed,  it  be  at 
all  possible — that  changes  depending  upon  inflammation  can  clearly  be 
separated  from  those  resulting  from  other  injurious  agencies,  such  as  pres- 
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sure,  intoxication,  anemia,  fever,  etc.  By  common  consent  the  attempt  to 
do  this  has  been  abandoned,  and  it  is  now  usual  to  describe  the  changes 
found  in  myelitis  simply  as  degenerative,  except  in  the  occasional  rare  in- 
stances of  actual  suppuration,  tuberculosis,  etc. 

The  degenerations  of  the  spinal  cord  may  be  primary  and  secondary. 
Primary  degeneration  occurs  at  the  seat  of  original  damage,  and  may  be  a 
local  circumscribed  process.  Secondary  degeneration  depends  upon  primary 
degeneration  elsewhere,  and  results  from  the  destruction  of  nerve-cells  or 
axis-cylinders,  the  distal  extensions  of  which,  being  cut  off  from  their  vital 
sustaining  centers,  slowly  degenerate.  Secondary  degeneration  may  be 
much  more  extensive,  inasmuch  as  a  primary  degeneration  involving  a  short 
segment  of  the  cord  may  be  followed  by  a  secondary  degeneration  which 
will  ascend  or  descend  in  certain  tracts  throughout  the  entire  length  of  the 
cord. 

The  degenerations  are  classified  according  to  the  color  of  the  diseased 
tissue  as  white  softening,  red  softening,  and  yellow  softening.  The  differences 
between  these  are  mere  histologic  accidents,  which  will  explain  themselves 
in  the  description  of  the  lesions. 

To  the  naked  eye,  in  the  early  stages  of  myelitis,  the  affected  tissue  has  a 
swollen,  pinkish  color,  and  projects  in  a  convex  form  from  a  transverse 
incision.  There  may  be  minute  punctate  hemorrhages  in  the  tissue.  When, 
instead  of  involving  the  entire  cord,  as  in  transverse  myelitis,  certain 
columns  only  are  affected,  they  usually  become  conspicuous  by  a  pinkish-red 
color  in  the  early  stages,  by  a  grayish  color  in  the  later  stages,  and  by  pig- 
mentation when  the  lesion  is  very  old.  The  degenerated  tissue  may  be 
softened  in  the  beginning  of  the  retrogressive  process,  but  becomes  firmer 
and  firmer  with  the  duration  of  the  case,  sclerotic  changes  occurring. 

Microscopically  the  degenerative  inflammation  is  characterized  by  readily 
appreciable  changes.  The  myelin  of  the  nerve-sheaths  is  early  destroyed, 
and  becomes  transformed  into  peculiar,  irregular,  nodose  cylinders.  These 
give  way  to  a  separation  of  the  myelin  in  the  form  of  irregular  drops,  which 
give  the  osmic  acid  reaction  for  fat.  Later  these  myelin  blocks  break  down 
into  molecular  matter.  The  axis-cylinders  become  greatly  swollen,  and 
usually  do  not  long  survive  destruction  of  the  myelin-sheaths.  The  nerve- 
cells  lose  the  regular  arrangement  of  Nissl's  granules,  their  nuclei  become 
enlarged  and  vacuolated  and  later  disappear ;  fatty  degeneration  of  the  pro- 
toplasm takes  place,  hyaline  degeneration  of  various  of  the  tissue  elements 
and  a  more  or  less  complete  disorganization  of  the  tissue  result.  There  is  no 
discoloration  of  the  tissue,  hence  the  process  is  described  as  white  softening. 

Through  such  degenerated  areas  some  few  nerves  may  pass  without  com- 
plete destruction,  though  they  usually  show  the  peculiar  varicosities  of  medul- 
lary fragmentation. 

When  the  disease  occurs  in  consequence  of  hematogenous  micro-organ- 
ismal  infection,  or  when,  from  any  other  causes,  the  tissue  is  infiltrated  by 
leukocytes,  these  latter  are  found  scattered  through  the  destroyed  tissue. 

In  cases  of  marked  injury  to  the  cord  blood  sometimes  infiltrates  the 
injured  tissue,  coloring  it  red  (red  softening').  The  destruction  of  the  blood 
and  liberation  of  its  pigment  in  the  form  of  yellowish  granules  cause  yel- 
low softening. 

In  cases  of  leukocytic  infiltration  there  are  usually  many  more  cells  in  the 
perivascular  lymphatic  spaces  surrounding  the  blood  vessels  than  distributed 
throughout  the  tissue.  These  being  ameboid  and  loading  themselves  with 
fatty  granules  and  granules  of  hematogenous  pigment,  thus  scavenge  the  tis- 
sues. Not  all  these  cells  are  leukocytes,  however,  some  being  derived  from 
the  endothelium  of  the  vessels  and  lymph-spaces  and  from  the  pia. 
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Though  ganglionic  cells  sometimes  withstand  degeneration  longer  than 
the  elements  surrounding  them,  they  sooner  or  later  yield,  and  the  degen- 
eration may  be  so  extensive  and  wide- spread  that  only  the  resistant  connec- 
tive-tissue septa  of  the  cord  remain  uninjured.  The  softened  tissue  also  con- 
tains more  fluid  than  normal ;  whether  this  is  a  form  of  edema  or  whether 
it  results  from  coUiquation  necrosis  is  not  clear.  Probably  the  latter  is  the 
more  correct  view. 

Corpora  amylacea,  small,  rounded,  homogeneous,  concentrically  lami- 
nated bodies,  are  often  seen  in  degenerated  areas.  They  are  thought  by 
some  to  be  formed  of  axis-cylinders  in  a  state  of  swelling ;  by  others,  to  be 
degenerated  cells. 

Calcification  of  ganglionic  cells  is  sometimes,  but  rarely,  observed  in 
myelitis. 

Perfect  recovery  does  not  occur  after  degeneration  of  the  spinal  cord,  the 
structures  being  so  highly  specialized  and  complexly  developed  as  to  make 
it  impossible.  Partial  recovery  and  repair  is,  however,  seen  in  nearly  all 
cases.  The  fragments  of  degenerated  tissue  are  slowly  dissolved  or  are 
removed  by  the  scavenger  cells.  The  leukocytes  that  have  escaped  from  the 
blood  vessels  return  again  by  the  lymphatics,  or  are  destroyed  and  dissolved, 
and  the  process  of  repair  begins  by  growth  of  the  glia  and  connective  tis- 
sues. In  some  of  the  lower  animals  the  axis-cylinders  of  nerves  still  con- 
nected with  their  controlling  ganglion  cells  grow  and  extend  through  the 
regenerating  tissue.  It  is,  however,  very  doubtful  whether  any  such  efforts 
at  reestablishing  conduction  occur  in  the  cord  of  man.  Should  such  efforts 
be  made,  they  are  abortive  and  conduction  is  not  reestablished. 

The  stage  of  regeneration  with  proliferation  of  neuroglia  and  connective 
tissue  is  the  beginning  of  what  is  known  as  sclerosis.  The  proliferation  of 
glia  cells  seems  to  occur  most  extensively  in  case  the  degenerative  changes 
have  been  limited  to  the  nervous  elements  of  the  cord,  though  it  can  occur 
where  there  has  been  complete  destruction  of  all  the  elements. 

The  newly  constructed  glia  tissue  sometimes  forms  a  dense,  fine,  fibrillar 
tissue,  sometimes  a  loose  network.  The  fibrillae  represent  the  branched  proc- 
esses of  the  neuroglia  cells.  It  seems  likely  that  the  formation  of  the  neu- 
roglia tissue  is  slow. 

The  sclerotic  tissue  is  usually  gray  in  color,  firm,  dense,  and  dry.  When 
the  tissue  is  loose  in  structure,  it  may  appear  gelatinous. 

Fibroconnective  tissue  is  not  formed  in  the  spinal  cord,  except  in  severe 
lesions  associated  with  laceration,  section,  suppuration,  etc.  It  develops 
from  the  pia  mater,  from  the  septa,  and  from  the  perivascular  connective 
tissue,  and  has  the  ordinary  appearances  and  characteristics  of  cicatricial 
tissue. 

Both  primary  and  secondary  degenerations  may  begin  by  affecting  an 
entire  tract  of  the  cord  from  end  to  end.  This  is,  however,  not  always  the 
case  with  primary  degeneration ;  it  may  be  quite  local.  The  secondary 
degeneration  simultaneously  affects  all  parts  of  the  affected  tracts,  and  accord- 
ing to  Stroebe,  is  recognizable  microscopically  on  the  second  day  by  changes 
in  the  mark  substance  of  the  nerves.  -Destruction  of  the  axis-cylinders  fol- 
lows in  a  few  days.  In  a  brief  time  the  scavenger  cells  are  at  work,  and 
absorption  of  the  destroyed  tissue  is  in  progress.  The  result  is  the  forma- 
tion of  soft  juicy  tissue  in  which  the  neuroglia  gradually  grows,  not  perfect- 
ing its  dense  fibrillar  appearance  for  months  or  even  years. 

Sections  through  the  tissue  of  the  cord  will  vary  in  structure  at  different 
periods  of  development.  Thus,  after  two  or  three  months,  the  cord  is  com- 
posed of  a  reticulated  framework  the  meshes  of  which  are  either  filled  with 
fluid  or  contain  scavenger  cells  with  fatty  or  pigment-granules.     Here  and 
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there  one  finds  groups  of  nerve-fibers  which  may  have  escaped  destruction. 
In  from  six  to  twelve  months  the  reticulated  tissue  is  found  to  be  much 
denser,  and  is  present  in  greatly  increased  amounts.  Scavenger  cells  with 
contained  granules  are  still  present  in  the  various  spaces  of  the  tissue.  As 
the  sclerotic  process  advances  the  color  of  the  diseased  tissue  becomes  gray 
and  its  bulk  diminishes. 

Etiology. — Myelitis  may  be  traumatic,  infectious,  toxic,  or  nutritional  in 
origin. 

Traumatic  myelitis,  usually  transverse,  depends  upon  injury  or  local  disease 
of  the  spinal  column.  In  most  cases  it  is  slow,  from  the  increasing  com- 
pression of  the  cord,  such  as  occurs  in  tumors  of  the  cord,  tumors  of  the 
meninges,  and  collections  of  fluid  in  the  spinal  canal.  The  results  of  such 
local  lesions  are  manifested  upon  the  entire  structure  of  the  cord  at  the  alti- 
tude of  the  lesion,  thus  giving  it  the  name  transverse  myelitis.  If  the  disease 
be  of  sudden  formation  and  attended  with  siiriultaneous  injury  of  the  blood 
vessels,  the  changes  may  conform  to  the  description  of  red  or  yellow  soften- 
ing, according  as  the  cord  is  studied  soon  or  long  after  the  development  of 
the  condition.     If  the  injury  be  slower,  white  softening  is  usually  observed. 

Infectious  myelitis,  or  hematogenous  myelitis,  is  observed  in  the  infectious 
diseases — rheumatism,  typhoid  fever,  small-pox,  diphtheria,  pyemia,  anthrax, 
syphilis,  etc.  Sometimes  it  results  from  the  dissemination  of  bacteria  through 
the  blood  and  their  colonization  in  the  cord,  sometimes  from  the  dissemina- 
tion of  their  toxic  products.  Under  these  circumstances  both  transverse 
and  disseminated  myelitis  may  occur,  according  to  the  conditions  arising. 

The  anatomic  and  histologic  alterations  are  identical  with  those  of  other 
forms  of  myelitis,  plus  the  presence  of  the  bacteria.  The  disseminated 
form  of  myelitis  is  particularly  characteristic  of  the  infectious  diseases,  and 
is  probably  more  often  caused  by  syphilis  than  by  other  diseases.  In  syphi- 
lis, however,  the  vascular  changes  which  interfere  with  local  nutrition  may 
have  more  influence  than  either  the  bacteria  or  their  toxins. 

Toxic  myelitis  may  depend  upon  the  toxins  of  the  infectious  diseases  or 
upon  other  poisons,  such  as  ergotin,  carbonic-acid  gas,  tetanus,  arsenic,  mer- 
cury, strychnin,  etc. 

Nutritional  myelitis  is  observed  in  certain  constitutional  diseases,  such  as 
diabetes,  Addison's  disease,  pernicious  anemia,  etc. 

It  is  also  said  that  myelitis  may  follow  exposure  to  cold,  excessive  fatigue, 
and  sexual  excesses. 

Varieties  of  Myelitis. — When  the  spinal  membranes  are  inflamed,  the 
condition  is  known  as  spinal  meningitis  ;  if  the  membranes  and  cord  are  both 
affected,  as  meningomyelitis.  Inflammation  of  the  cord  alone  is  known  as 
myelitis.  Disease  of  the  white  substance  is  called  leukomy e litis ;  disease  of 
the  gray  matter,  poliomyelitis. 

According  to  its  distribution,  myelitis  is  said  to  be  central  when  arising 
from  disease  of  the  central  ca,nal ;  diffuse,  if  it  affects  the  whole  cord  ;  trans- 
verse, if  the  entire  cord  is  affected  for  a  short  distance ;  or  disseminated,  if 
it  occurs  in  numerous  small,areas  remote  from  each  other. 

Pathologic  myelitis  is  divided  into  the  simple,  hemorrhagic,  xrA  purulent, 
according  to  the  condition  in  which  the  tissue  is  found. 

Clinically  myelitis  is  divided  into  acute  and  chronic  forms.  The  acute 
form  is  of  abrupt  onset ;  the  chronic  form,  of  insidious  onset.  Both  forms 
are  of  indefinite  duration,  in  which  sense  all  forms  are  chronic. 

Termination  of  Myelitis. — The  outcomef  of  all  forms  is  a  hyperplasia  of 
the  neuroglia  tissue,  with  a  resulting  gray  sclerosis.  No  regeneration  of  any 
importance  takes  place,  although  the  presence  of  nerve-fibers  in  the  spinal 
membranes  in  old  cases  of  transverse  myelitis  are  taken  by  some  to  indicate 
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that  an  attempt  at  regeneration  is  in  progress,  and  these  newly  formed  fibers 
are  seeking  an  external  path  in  which  to  pass  the  seat  of  disease. 

Hydromyelia  is  a  dilatation  of  the  central  canal  of  the  spinal  cord 
caused  by  the  pressure  of  an  increased  amount  of  cerebrospinal  fluid.  The 
enlargement  of  the  canal  may  be  visible  to  the  microscope  only,  or  it  may 
be  widely  dilated.  Its  shape  is  usually  regular,  and  the  dilatation  uniform, 
though  it  may  be  greater  at  certain  heights  than  at  others,  especially  great  in 
the  lumbar  cord.  In  some  cases  the  canal  is  not  round,  but  is  slit-like,  tri- 
angular, or  irregular  in  shape.  It  is  usually  Uned  with  ependymal  cells  of 
cuboidal  shape.  In  rare  cases  the  canal  is  double  or  triple  for  its  entire  or 
for  part  of  its  length,  the  reduplication  being  more  frequent  in  the  lunibar 
region  than  elsewhere.  Occasionally  diverticula  extend  from  the  canal  into 
the  substance  of  the  cord. 

The  dilated  canal  is  filled  with  cerebrospinal  fluid.  It  may,  however,  con- 
tain blood  {hematomyelia),  or  in  rare  cases  pus  {pyomyelia). 

Etiology.— The  cause  of  hydromyelia  is  not  always  clear.  Some  cases 
are  congenital.  The  acquired  cases  may  depend  upon  abnormalities  of  blood 
and  lymph  circulations,  inflammatory  changes  in  the  central  canal,  and  de- 
generative changes  in  its  wall.  The  condition  is  not  always  easily  differ- 
entiated from  syringomyelia,  the  chief  difference  being  the  presence  in 
hydromyelia  of  the  ependymal  cells. 

The  condition,  so  far  as  is  known,  is  without  clinical  significance. 

Syringomyelia  is  an  affection  somewhat  similar  to  hydromyelia,  charac- 
terized by  the  formation  of  a  central  dilatation  of  the  spinal  canal,  in  con- 
sequence of  the  degeneration  of  an  abnormal  growth  of  glia  tissue  in  that 
situation. 

The  cause  of  the  disease  is  unknown  :  it  may  be  the  result  of  develop- 
mental errors.  It  is  characterized  primarily  by  a  gliosis  about  the  central 
canal  of  the  cord,  especially  posteriorly  in  the  neighborhood  of  the  gray 
commissure,  probably  beginning  in  the  cervical  cord.  The  extent  of  the 
gliosis  is  unlimited,  and  it  may  continue  along  the  entire  length  of  the  cord. 
Secondarily,  the  disease  is  characterized  by  degeneration  and  liquefaction  of 
the  hyperplastic  glia  tissue.  The  outcome  of  the  process  is  the  formation  of 
the  cavity,  which  is  situated  posteriorly  to  the  center  of  the  cord,  is  of 
varying  size — sometimes  a  mere  canal,  sometimes  a  cavity  so  large  as  to  dis- 
tend the  substance  of  the  cord,  press  upon  its  tissues,  and  cause  them  to 
atrophy  and  degenerate,  giving  the  impression  that  the  surrounding  thin  wall 
can  scarcely  contain  any  nervous  tissue.  When  the  disease  does  not  involve 
the  entire  length  of  the  cord,  posterior  degeneration  higher  up  is  usually 
present. 

The  cavity  is  usually  filled  with  clear  fluid,  but  in  cases  not  quite  so  far 
advanced  in  the  process  of  degeneration  this  cavity  may  contain  a  brownish, 
gelatinous  mass,  consisting  of  the  products  of  tissue  disintegration  and  blood 
corpuscles  ;  or  it  may  contain  blood.     It  is  surrounded  by  glia  tissue. 

In  some  cases  the  syringomyelic  cavity  becomes  cystic  in  appearance 
through  the  union  of  cavities  in  the  cord  formed  by  local  areas  of  myelitic 
degeneration.  In  fact,  some  cases  of  syringomyelia,  known  as  secondary  or 
atypical,  are  formed  entirely  by  the  union  of  myelitic  cavities  Or  cysts  about 
which  gliosis  occurs  in  the  process  of  partial  recovery.  Such  myelitic  degen- 
eration is  seen  in  cases  of  meningomyelitis,  in  traumatic  and  infectious 
myelitis,  and  in  other  cases,  especially  when  associated  with  hemorrhage. 

The  spinal  canal  in  syringomyelia  is  usually  irregular,  and  is  not  lined  ■ 
with  ependymal  epithelium.     It  may  be  centrally  situated,  but  is  very  fre- 
quently asymmetric  and  often  is  entirely  on  one  side.     When  the  cavity  is 
large  and  full  of  fluid,  the  cord,  which  may  not  have  appeared  abnormal 
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before  incision,  collapses  as  the  contents  escape  and  appears  flattened  and 
like  a  ribbon. 

The  extent  of  secondary  degeneration  in  the  spinal  cord  and  in  the  an- 
terior and  posterior  nerve-roots  will  depend  entirely  upon  the  size  of  the 
lesion  and  the  pressure  it  causes.  In  marked  cases  whole  columns  of  the 
cord  and  anterior  and  posterior  nerve-roots  may  be  destroyed. 

Tuberculosis  of  the  Spinal  Cord.— The  most  frequent  tuberculous 
afifection  of  the  spinal  cord  is  that  which  attacks  the  meninges  and  extends 
from  them  into  its  nervous  tissues  (tuberculous  meningomye litis).  The  tuber- 
cles, at  first  small,  increase  in  size  and  number,  and,  aided  by  accompanying 
round-cell  infiltrations,  eventually  cause  considerable  thickening  and  necro- 
sis. From  the  pia  the  tubercles  gradually  invade  the  nervous  tissue,  leading 
to  degeneration. 

Primary  tuberculosis  sometimes  originates  in  the  cord  itself,  forming 
single,  circumscribed,  cheesy,  sometimes  softened  masses,  which  may  become 
as  large  as  hazelnuts.  Secondary  degenerations  of  the  cord  are  frequent 
results  of  tuberculous  inflammation  and  the  destruction  of  the  nervous  tissue 
it  causes. 

Disseminated  miliary  tubercles  of  hematogenous  origin  are  also  frequent. 
They  occur  in  both  gray  and  white  matter,  and  can  be  discovered  only  upon 
microscopic  examination.  The  tubercles  are  typical  in  appearance,  and  are 
frequently  accompanied  by  perivascular  infiltrations  of  small  round -cells  in 
the  immediate  neighborhood.  These  miliary  tubercles,  small  as  they  are, 
may  be  the  origin  of  secondary  degenerations. 

Tuberculous  spinal  meningitis  may  be  limited  to  the  spinal  cord,  or  may 
affect  the  cord  simultaneously  with  the  membranes  of  the  brain.  It  may 
affect  either  the  dura  or  the  pia  mater. 

Tuberculosis  of  the  dura  is  most  frequent  as  a  result  of  tuberculosis  of 
the  vertebral  column.  It  may  be  confined  to  the  dura  mater  only — ticbercu- 
lous pachymeningitis — or  may  extend  fronj  it  to  the  pia  and  arachnoid.  The 
disease  may  be  external,  the  tubercles  appearing  upon  the  external  surface 
of  the  dura,  as  when  the  disease  is  secondary  to  vertebral  tuberculosis ;  or 
internal,  the  tubercles  appearing  upon  the  inner  surface.  In  both  forms  the 
lesion  consists  of  disseminated  or  confluent  miliary  tubercles  with  cheesy 
degeneration  and  the  formation  of  a  granulation  tissue  sometimes  replete 
with  tubercles,  more  or  less  in  coagulation  necrosis,  and  forming  accumula- 
tions that  may  compress  the  cord. 

Tuberculosis  of  the  Pia  or  Tuberculous  Leptomeningitis. — This  very 
often  results  from  inward  extension  of  the  pachymeningitis.  There  may 
be  typical  miliary  tubercles,  but  there  is  more  frequently  an  additional 
inflammation  with  a  suppurative  tendency,  surrounding  the  affected  area  with 
creamy  pus  or  with  a  seropurulent  exudate.  The  tubercles  are  usually  dis- 
tributed along  the  blood  vessels,  and  may  occasion  small  hemorrhages.  The 
disease  may  spread  to  the  nerve-roots,  and  may  cause  secondary  degeneration 
of  the  cord. 

Syphilis  of  the  spinal  cord  usually  assumes  the  form  of  a  syphihtic 
myelitis  characterized  by  degenerations,  of  which  those  of  the  posterior 
columns  are  probably  most  frequent  and  most  important.  These  degenera- 
tions may  be  in  part  dependent  upon  syphilitic  disease  of  the  vessels  of  the  ' 
cord,  with  consequent  degeneration.  There  are  no  characteristics  by  which 
the  degenerative  conditions  of  syphilis  can  be  differentiated  from  other  spinal 
degenerations,  though  posterior  and  disseminated  scleroses  are  particularly 
suspicious. 

Syphilis  of  the  Spinal  Meninges. — Syphilitic  pachymeningitis  may  occur 
primarily  or  secondarily.     Secondarily  it  occurs  through  the  extension  of 
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syphilitic  disease  from  the  pia  or  the  vertebra  to  the  dura.  As  usual  with 
syphilitic  disease,  the  outcome  of  the  process  is  the  formation  of  dense  scars, 
thickenings,  and  adhesions  of  the  various  parts. 

Syphilitic  leptomeningitis  is  infrequent.  It  is  usually  characterized  by  the 
formation  of  round-cell  infiltrations,  forming  flattened,  extensive  swellings. 
The  disease  sometimes  invades  the  dura  and  sometimes  affects  the  subjacent 
cord.  Thickenings,  adhesions,  and  dense  scar  formations  result,  which, 
when  they  embrace  nerve-roots  or  outlying  nerves,  lead  to  their  destruction. 
The  degeneration  of  considerable  invaded  tissue  leads  to  the  formation  of 
cheesy  centers  in  the  diseased  areas.  When  the  disease  invades  the  vessels 
of  the  cord  or  descends  into  its  substance,  degenerations  occur  and  syphilitic 
meningomye litis  results. 

Birch-Hirschfeld  mentions  a  gummatous  spinal  leptomeningitis  which  occa- 
sionally occurs  simultaneously  with  a  similar  disease  of  the  membranes  of 
the  brain.  When  fresh,  the  lesion  is  characterized  by  grayish,  gelatinous, 
thickenings. 

Lepra  of  the  spinal  cord  occasionally  occurs.  The  lesion  may  be  recognizable  only 
with  the  microscope,  and  is  chiefly  characterized  by  atrophy  of  tlie  ganglionic  cells.  Rarely 
there  may  be  areas  of  softening,  occasional  interstitial  hemorrhages,  and  inflammatory  reac- 
tions. 

Lepra  bacilli  have  been  found  by  numerous  observers  in  the  tissues  of  the  spinal  cord. 
They  have  been  seen  in  the  connective  tissue  of  the  cord,  both  in  white  and  gray  substance. 
When  in  the  ganglionic  cells,  as  sometimes  happens,  they  cause  vacuolation  and  ultimate 
destruction. 

Tumors  of  the  Spinal  Cord. — Tumors  of  the  spinal  cord  are  of  rare 
occurrence.  Probably  the  most  frequent  is  the  glioma,  which  has  already 
been  spoken  of  in  connection  with  syringomyelia  (^.  ».).  Its  usual  occur- 
rence is  in  the  form  of  gliosis  or  development  along  a  considerable  length 
of  the  cord,  about  or  posterior  to  the  central  canal.  Its  growth  is  accom- 
panied by  a  simultaneous  degeneration  which  leads  to  the  excavation  char- 
acteristic of  syringomyelia.  It  is  rare  that  a  circumscribed  form  of  glioma 
occurs.     Those  seen  are  usually  markedly  telangiectatic. 

Sarcoma  of  the  spinal  cord  is  very  rare.  Spindle-cell  sarcoma  has,  how- 
ever, been  seen.     Cylindroma  has  also  been  described. 

Qliosarcoma  and  gliomyxoma  are  uncertain  tumors  of  which  a  few  occur- 
rences are  reported.  They  resemble  glioma  in  general  characteristics  and 
distribution,  and  probably  are  simply  variations. 

Fibroma  occurs  very  rarely  in  the  form  of  rounded,  circumscribed  tumors. 
These  are  apt  by  pressure  to  excite  degeneration  in  the  columns  of  the  cord. 
This  secondary  degeneration  applies  to  all  tumors  in  which  local  damage  is 
done  to  the  spinal  cord. 

Tumors  of  the  spinal  meninges  are  much  more  frequent  in  occur- 
rence than  those  of  the  substance  of  the  cord.  They  occur  in  all  the  mem- 
branes. 

Tumors  of  the  Pia  Mater  and  Arachnoid. — In  fibrous  deposits  of  the 
arachnoid  the  deposition  of  calcareous  matter  is  of  frequent  occurrence. 
Whether  or  not  this  bears  any  relation  to  osteoma  is  uncertain.  Osteoma  in 
the  form  of  small,  flattened,  whitish  plaques  occurs  infrequently  in  the 
arachnoid. 

Cartilaginous  plates  also  occur  in  the  arachnoid,  and  sometimes  are  suffi- 
ciently large  to  be  called  chondroma. 

Angioma  of  the  cavernous  type  sometimes  develops  froin  the  vessels  of 
the  pia.  It  forms  a  flat  growth,  more  or  less  distinctly  circumscribed,  red  in 
color,  and  soft  in  consistence. 

Psammoma,  sarcoma,  myxoma,  lipoma,  myoma,  and  fibroma  are  all  occa- 
sionally seen.     Some  of  these  are  easily  recognizable  ;  others  require  micro- 
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scopic  examination.  The  shape  is  always  more  or  less  flattened  in  order  to 
accommodate  them  to  the  canal  in  which  they  occur.  They  all  cause  more 
or  less  pressure  upon  the  cord  and  are  likely  to  lead  to  degeneration  of  its 
columns. 

The  sarcomata  may  be  of  any  variety,  but  endothelioma  is  most  frequent. 

Cylindroma  and  cholesteato7?ia  are  of  rare  occurrence. 

Secondary  tumors,  either  sarcoma  or  carcinoma,  are  of  occasional  occur- 
rence in  the  spinal  meninges. 

Tumors  of  the  dura  mater  are  probably  less  frequent  than  in  the  deeper 
membranes.  Those  most  frequently  observed  are  sarcoma,  psammoma, 
myxoma,  fibroma,  chondroma,  and  lipoma.  A  melanotic  tumor  has  also  been 
seen  by  Williams. 

Parasites  of  the  Spinal  Cord  and  its  Membranes. — Parasites  are  very  rare  in  the  spinal 
cord  and  in  its  membranes.  The  Cysticercus  cellulosoe  has  been  found  in  the  interior  of  the 
dural  sac  in  a  few  rare  instances.  The  Tania  echinococcus  is  perliaps  a  httle  more  frequent, 
thirteen  cases  having  been  collected  by  Neisser.  Very  few  of  the  cases  were  primary,  the 
greater  number  having  occurred  by  secondary  extension  to  the  spinal  canal  from  contiguous 
organs,  muscles,  and  bones  primarily  affected. 

Spinal  Meningitis. — Pachymeningitis. — Acute  inflammation  of  the 
dura  mater  spinalis  is  most  frequently  occasioned  by  inflammations  in  neigh- 
boring tissues  or  by  traumatic  agencies.  As  an  idiopathic  affection  it  is 
of  doubtful  occurrence.  The  lesion  is  characterized  by  the  formation  of  an 
exudate,  which  usually  collects  upon  the  external  surface  {external  pachy- 
meningitis'). It  may  be  cellular  or  fibrinous.  In  the  former  case  actual 
abscess  formation  is  not  rare,  and  may  compress  or  destroy  the  subjacent 
spinal  cord.  In  all  severe  inflammations  the  term  external  pachymeningitis 
is  inappropriate,  as  the  condition  affects  the  entire  thickness  of  the  dura 
mater  and  causes  the  accumulation  of  serum,  pus,  or  other  exudate,  both 
within  and  without  the  dural  sac. 

Internal  pachymeningitis ,  usually  also  further  denominated  hypertrophica 
or  adhesiva,  sometimes  results  from  tuberculous  or  syphilitic  disease  and 
from  disease  of  the  pia  mater  and  the  bones.  The  idiopathic  occurrence  of 
the  affection  is  not  well  understood.  It  is  characterized  by  the  formation  of 
a  fibrous  exudate  irregularly  distributed,  and  leading  to  adhesions  between 
the  dura  and  deeper  membranes,  or  to  the  formation  of  a  membranous  de- 
posit, well  vascularized,  upon  the  inner  surface,  of  the  dura.  Small  hemor- 
rhages also  occur  in  this  newly  formed  tissue. 

Hemorrhagic  pachymeningitis  may  be  a  modified  or  exaggerated  form  of 
the  hypertrophic  internal  spinal  meningitis.  It  is  analogous  to  the  cerebral 
hemorrhagic  pachymeningitis  {q.  v.),  and  is  characterized  by  the  forma- 
tion upon  the  inner  surface  of  the  dura  of  a  delicately  vascularized  mem- 
brane having  a  rust  brown  color,  due  to  frequent  hemorrhages.  Like  the 
cerebral  pachymeningitis  {q.  v.),  it  is  most  frequent  in  the  insane,  in  drunk- 
ards, etc. 

Chronic  hypertrophic  cervical  pachymeningitis  has  been  described  by 
Charcot.  As  the  name  indicates,  the  disease  aff'ects  the  cervical  cord,  is 
chronic,  and  is  characterized  by  the  formation  of  extensive  fibroid  thickenings 
of  the  dura,  pia,  and  arachnoid.  The  outcome  of  the  disease  is  compression 
of  the  roots  of  the  nerves,  atrophy  of  the  fibers,  and  degenerations  in  the 
cord — transverse  myelitis  and  descending  degeneration. 

Leptomeningitis. — Acute  inflammation  of  the  pia  mater  and  arachnoid 
results  from  hematogenous  distribution  of  bacteria,  especially  in  the  epidemic 
infectious  form  known  as  epidemic  cerebrospinal  meningitis  {q.  v.).  It  is 
also  the  result  of  infection  from  local  trauma,  di.sease  of  the  bones,  etc. 

The  lesions  characteristic  of  the  infection  include  the  formation  of  an 
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inflammatory  exudate  that  collects  in  the  meshes  of  the  arachnoid  and  in 
the  space  between  arachnoid  and  dura.  The  exudation  may  be  serous, 
fibrinous,  or  purulent.  It  may  be  found  upon  a  limited  extent  of  the  mem- 
branes when  the  disease  is  local ;  or  may,  as  is  more  frequent,  be  found  upon 
the  entire  length  of  the  cord.  To  the  naked  eye  the  exudate  is  whitish  or 
creamy  in  color  and  creamy  in  consistence.  It  rarely  happens  that  the  cord 
entirely  escapes,  and  small  round-cell  infiltrations  usually  occur  in  the 
anterior  commissure  and  scattered  throughout  the  perivascular  connective 
tissue. 

Bacteriologic  examination  reveals  the  presence  of  various  bacteria  in  different  cases.  In 
epidemic  cerebrospinal  meningitis  the  Meningococcus  or  Diplococcus  intracellularis  of  Weich- 
selbaum  is  almost  invariably  found.  It  is  supposed  to  be  the  cause.  In  other  cases  the  Strep- 
tococcus pyogenes  and  pneumococcus  are  the  most  frequently  encountered  organisms. 

The  inflammation  is  liable  to  affect  at  least  the  superficial  elements  of  the 
cord,  so  that  in  all  severe  cases  it  assumes  the  form  of  meningomyeUtis.  The 
affected  superficial  nerve-fibers  of  the  cord  degenerate,  as  do  those  acted 
upon  by  inflammatory  extensions  that  descend  into  the  cord  along  the  vessels 
and  endoneurium. 

Circulatory  Disturbances  of  the  Spinal  Cord. — Anemia,  or  more 
correctly  ischemia,  usually  occurs  in  the  lumbar  cord.  The  pressure  of 
morbid  growths  and  inflammatory  collections  upon  the  vessels  of  the  cord, 
as  well  as  arteriosclerotic  conditions  in  vessels,  the  thrombosis  of  the  smaller 
arteries,  and  embolism  of  the  nutrient  vessels  all  lead  to  ischemia.  Embo- 
lism is  nearly  always  followed  by  anemic  necrosis,  as  the  vessels  are  all  end 
arteries. 

Anemia,  especially  pernicious  anemia,  may  also  lead  to  degenerative 
changes,  especially  of  the  posterior  columns  of  the  cord. 

Hyperemia. — As  dead  bodies  usually  lie  upon  the  back,  hypostasis  of 
blood  into  the  vessels  of  the  spinal  cord  nearly  always  occurs,  and  at  autopsy 
must  be  differentiated  from  true  antemortem  congestion. 

Hyperemia  is  common  in  all  cases  of  inflammation  of  the  meninges 
and  in  local  areas  of  the  cord.  Passive  congestion  occurs  in  chronic  cardiac 
and  pulmonary  affections. 

Active  hyperemia  gives  the  white  substance  a  rosy  hue,  and  causes  the 
^ray  substance  to  appear  brownish.  There  may  be  small  punctate  hemor- 
rhages into  the  substance  of  the  cord  and  into  its  membranes. 

Passive  hyperemia  is  characterized  by  dilatation  and  tortuosity  of  the 
vessels,  a  grayish-yellow  color  of  the  white  substance,  and  a  dark  grayish-red 
color  of  the  gray  substance. 

Hemorrhage  into  the  spinal  cord  is  much  less  frequent  than  hemorrhage 
into  the  brain.  Punctate  capillary  hemorrhages  and  massive  hemorrhages 
are  occasionally  observed.  The  punctate  capillary  hemorrhages  appear  upon 
transverse  section  of  the  cord  as  fine  reddish  dots  that  cannot  be  washed 
away.  They  occur  into  the  perivascular  spaces,  and  are  found  after  trau- 
matic injuries  of  the  cord,  in  degenerated  areas,  in  the  neighborhood  of 
tumors,  in  tetanus,  in  general  passive  congestion,  and  in  a  variety  of  other 
pathologic  conditions.  The  blood  damages  the  nervous  substance  by  com- 
pressing and  disorganizing  it. 

Massive  hemorrhages  occur  from  rupture  of  blood  vessels  from  anv  cause, 
and  form  collections  which  rarely  exceed  the  size  of  a  hazelnut.  Sometimes 
the  hemorrhagic  collections  are  round,  and  extend  for  a  considerable  dis- 
tance along  the  cord  between  the  longitudinal  fibers ;  at  other  times  they 
make  their  way  into  the  central  canal,  rupturing  externally  into  the  pia.  If 
the  patient  live,  the  changes  that  occur  in  the  hemorrhagic  area  are  identical 
-with  those  of  hemorrhages  into  the  brain  {q.  v.) 
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SPECIAL  DISEASES  OF  THE  SPINAL  CORD, 

Disseminated  or  Multiple  Sclerosis. — Disseminated  or  multiple  sclerosis  is  common  to 
both  brain  and  spinal  cord.  It  is  characterized  by  numerous,  rather  small,  irregularly  dis- 
tributed areas  of  softening  or  sclerosis.  The  disease  seems  to  attack  the  white  matter  by 
preference,  but  also  occurs  in  the  gray  substance.  It  is  sometimes  apparent  that  the  degen- 
eration has  begun  in  the  distribution  of  a  blood  vessel  or  round  about  it.  The  lesions,  when 
fresh,  are  of  a  grayish  or  pinkish-gray  color,  and  gelatinous  in  consistence.  When  the  tissue  is 
examined  microscopically,  it  is  usual  to  find  abundant  myelin  and  fatty  drops,  fatty  degener- 
ated cells,  and  molecular  debris.  There  is  nearly  always  a  marked  proliferation  of  the  glia- 
cells,  though  this  develops  later.  Hyaline  degeneration  of  the  blood  vessels  is  usually  found, 
and  corpora  amylacea  are  common.  This  form  or  stage  of  the  multiple  sclerosis  Ziegler  calls 
multiple  inyelitis.  An  interesting  feature  of  the  histology  of  the  aifection  seems  to  be  the 
retention,  despite  the  softening,  of  a  considerable  degreeof  vitality  of  the  nervous  tissue.  Thus, 
while  there  is  destruction  of  the  sheaths  of  the  nerves,  liberation  of  myelin  substance,  and 
fatty  metamorphosis  of  the  cells,  numerous  axis-cylinders  continue  to  escape  complete  des- 
truction and  pass  through  the  diseased  area  still  able  to  conduct  some  impulses.  Birch- 
Hirschfeld,  Schmaus,  and  others  think  it  is  the  persistence  of  these  axis-cylinders  that  prevents 
the  occurrence  of  secondary  degeneration  in  multiple  sclerosis. 

As  the  disease  becomes  more  advanced,  the  softening  gives  place  to  sclerosis,  sometimes 
beginning  insidiously.  The  sclerosis  depends  upon  active  growth  of  the  glia  tissue.  The 
cells  are  numerous,  the  fibers  coarse,  and  the  meshes  unusually  loose.    The  nerve-fibers  in  the 
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Fig.  302. — Combined  posterior  and  lateral  sclerosis  (Collins). 


sclerotic  area  are  atrophic,  denuded  where  there  had  been  previous  softening,  and  some  of 
them  disappear.  Nerve-cells  atrophy.  The  vessels  are  abnormally  numerous  or  may  be 
absent. 

Etiology. — The  etiology  of  the  disease  is  obscure.  In  many  cases  syphilis  is  the  undoubted 
cause,  .but  there  are  cases  that  cannot  be  referred  to  it.  Other  infections  and  perhaps  intoxi- 
cations may  bring  it  about.  The  fact  that  hyaline  changes  in  the  blood  vessels  are  so  com- 
monly associated  with  the  disease  might  be  interpreted  to  indicate  that  occlusion  of  the  vessels 
plays  an  important  part  in  the  disease  by  shutting  off  the  nutrient  supply  of  the  diseased  areas. 

Posterior  Sclerosis  or  Tabes  Dorsalis. — Degenerative  and  sclerotic  changes  of  the  pos- 
terior columns  of  the  spinal  cord  are  described  as  posterior  sclerosis  or  tabes  dorsalis.  The 
clinical  symptom-complex  is  known  as  locomotor  ataxia. 

There  are  three  theories  to  explain  to  the  origin  of  the  disease  :  first,  that  it  depends  upon 
primary  disease  of  the  cerebral  cortex;  second,  that  it  is  a  primary  affection  of  the  posterior 
columns ;  third,  the  newest  and  probably  the  best,  that  it  depends  upon  primary  disease  of  the 
posterior  nerve-roots. 

The  cause  of  the  disease  is  obscure.  According  to  Erb,  it  is  nearly  always  dependent 
upon  syphilis.  Traumatic  lesions  and  infectious  diseases  are  thought  to  cause  it.  The 
softening  of  the  spinal  cord  that  occurs  in  pernicious  anemia  affects  by  preference  the  pos- 
terior columns.  Posterior  sclerosis  is  also  found  at  times  in  paresis.  The  lumbar  seems 
to  suffer  more  frequently  and  more  severely  than  the  dorsal,  and  the  dorsal  more  frequently 
than  the  cervical  cord. 

There   are    no    essentially   peculiar  features    about   the    destructive    changes.      It   is   a 
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chronic  myelitis  characterized  by  atrophy  of  the  nervous  substance  and  proUferation  of  the 
glia  The  myeHn  sheaths  first  disappear,  leaving  the  axis-cylinders  denuded.  Fat  occurs 
in  the  tissue  in  molecular  form,  and  is  gathered  up  by  leukocytes,  which  appear  m  con^ 
■siderable  numbers  in  the  lymphatics  about  the  blood  vessels.  Amyloid  bodies  may  benumer- 
ous.  The  nerve-fibers  are  slowly  destroyed,  many  resisting  destruction  long  after  their  myehn 
sheaths  are  gone.  The  neuroglia  proliferation  occurs  in  the  degenerated  and  atrophic  areas, 
and  leads  to  the  formation  of  coarser  fibers  than  are  usually  seen,  and  later  to  contraction. 

Starting  at  the  lower  part  of  the  cord  and  ascending,  we  find  that  in  the  lumbar  cord  the 
degeneration  affects  the  columns  of  GoU,  the  extreme  anterior  portions  nearly  always  escap- 
ing ;  in  the  dorsal  region  there  are,  in  addition,  two  areas  of  degeneration  in  the  columns  of 
Bur'dach ;  in  the  cervical  region  the  chief  seat  of  the  disease  is  Goll's  column  and  also  Bur- 
dach's  column,  where  some  of  the  fibers  are  degenerated.  In  the  neck  one  finds  that,  as  a 
rule,  two  anterolateral  areas  of  the  column  of  GoU  escape  sclerosis. 

The  posterior  nerve-roots  are  nearly  always  degenerated,  and  some  believe  this  to  be  the 
starting-point  of  the  disease.  The  ganglia  on  the  posterior  roots  are  frequently  degenerated 
and  their  cells  destroyed,  and  the  degeneration  has  been  traced  for  considerable  distances 
into  the  peripheral  nerves. 

Degeneration  of  the  sensory  nerve-endings  nearly  always  occurs. 

It  has  also  been  found  that  the  nervous  lesions  of  tabes  dorsalis  are  not  peculiar  to  the 
spinal  cord  and  peripheral  nerves,  but  that  the  sclerotic  process  extends  irregularly  into  the 


Fig.  303. — Tabes  dorsalis  (Collins). 


brain,  where  foci  of  gray  degeneration  or  sclerosis  may  be  found  in  the  nervous  substance 
and  in  the  optic,  oculomotor,  and  trigeminal  nerves. 

The  inception  of  the  disease  is  gradual.  No  cases  have  yet  been  studied  before  the  lesions 
were  well  defined.  It  is  supposed  to  occur  primarily  in  the  spinal  ganglia  and  posterior  nerve- 
roots,  and  ascend  these  to  the  posterior  horns  of  gray  matter  near  Clarke's  columns  or  to 
Burdach's  columns.  The  affection  of  GoU's  column  may  be  a  secondary  ascending  degenera- 
tion depending  upon  interruption  of  the  fibers  below.  The  cells  of  Clarke's  column  and  the 
substance  of  the  posterior  horn  of  gray  matter  often  suffer  degeneration. 

The  disease  is  of  indefinite  duration,  and  is  accompanied  by  a  great  variety  of  sensory  dis- 
turbances, such  as  lancinating  pains,  girdle  sensation,  loss  of  patellar  reflex,  Argyll-Robert- 
son pupil,  diplopia,  etc. 

Friedreich's  Ataxia. — Friedreich  has  described  a  hereditary  form  of  posterior  sclerosis  now 
called  by  his  name.  The  disease  begins  in  childhood  or  early  youth,  and  often  affects  several 
children  in  the  same  family.  Except  in  minor  details,  the  symptoms  are  similar  to  the  loco- 
motor ataxia  of  adults. 

The  disease  is  characterized  by  hyperplasia  of  the  cerebellum  or  spinal  cord,  and  by  sclero- 
sis of  the  posterior  columns  of  the  cord.  The  posterior  sclerosis  may,  in  rare  cases,  be  absent. 
It  usually  affects  the  fibers  of  the  column  of  GoU,  and  frequently  also  those  of  the  column  of 
Burdach.  The  cells  of  Clarke's  vesicular  column  are  likewise  often  degenerated.  The  fibers 
of  the  direct  cerebellar  tract  also  sometimes  degenerate,  and  at  times  some  fibers  in  the  lateral 
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pyramidal  columns.  Like  the  lesions  of  tabes  dorsalis,  the  changes  are  most  pronounced  at 
the  lower  part  of  the  cord,  diminishing  as  the  fibers  ascend.  The  posterior  roots  of  the 
spinal  nerves  are  also  degenerated,  and  some  claim  that  there  is  degeneration  of  the  sensory 
nerves. - 

The  degeneration  and  sclerosis  are  of  the  usual  type.  If  the  nerve-fibers  be  not  com- 
pletely destroyed,  they  lose  their  myelin  sheaths.  Hyaline  changes  of  the  blood  vessels  are 
also  frequent. 

Acute  Anterior  FoUomyelitis. — This  is  a  form  of  nervous  degeneration  and  sclerosis  the 
lesions  of  which  are  situated  chiefly  in  the  anterior  horns  of  the  gray  matter  of  the  spinal  cord. 
It  is  principally  a  disease  of  childhood,  though  it  sometimes  affects  adults. 

Etiology. — The  cause  of  the  disease  is  unknown.  It  is  almost  universally  recognized  to  be 
of  infectious  or  toxic  origin,  and  to  result  from  the  hematogenous  distribution  of  its  cause.  It 
not  infrequently  results  from  exposure  to  cold,  and  sometimes  occurs  after  attacks  of  the 
specific  fevers.  In  many  cases  no  cause  can  be  assigned.  The  onset  of  the  disease  is  usually 
rapid,  and  may  be  attended  with  general  symptoms,  such  as  chill,  fever,  etc.  It  may  be  a  uni- 
lateral or  a  bilateral  affection.  It  is  rather  more  frequent  in  the  lumbar  cord  than  higher  up, 
but  may  occur  anywhere.  It  usually  involves  several  superimposed  segments  of  the  cord, 
and  may  affect  its  entire  length. 

In  cases  in  which  the  spinal  cord  can  be  examined  a  short  time  after  the  onset  of  the  disr 
ease  marked  changes  can  be  observed  in  the  blood  vessels,  which  appear  much  distended  and 
surrounded  by  a  zone  of  round-cells  packed  in  the  perivascular  lymphatic  vessels.  The  ves- 
sels chiefly  affected  are  those  of  the  anterior  horns  of  the  gray  matter.  Small  interstitial  hem- 
orrhages are  occasionally  observed  in  the  anterior  horns.     The  tissue  is  usually  observed  to  be 


Fig.  304. — Chronic  anterior  poliomyelitis  (Collins). 


softer  than  normal,  and  appears  looser  in  texture  and  more  or  less  infiltrated  with  small  round- 
cells.  Very  interesting  changes  occur  in  the  ganglionic  cells,  which  are  large,  granular,  clouded, 
often  vacuolated,  and  irregular  and  pecuUar  in  their  staining  reactions.  The  nucleus  may  be 
vacuolated  and  degenerated,  and  irregular  distribution  of  chromatin  occurs. 

As  the  disease  advances  the  cellular  destruction  becomes  complete,  and  the  ganglionic 
cells  entirely  disappear.  The  meduUated  nerves  that  enter  and  leave  the  gray  matter  lose  their 
myelin  sheaths  and  are  altered  in  appearance.  Some  of  the  fibers  are  totally  destroyed.  Fatty 
molecules  are  liberated,  and,  appearing  in  the  tissue,  are  gathered  up  by  scavenger  cells,  so 
that  fat-granule  cells  are  rather  numerous.  Some  or  all  the  ganglion-cells  may  be  destroyed 
according  to  the  extent  of  the  disease. 

Later,  the  anterior  horn  of  gray  matter  which  has  been  the  seat  of  the  affection  may  undergo 
a  gelatinous  degeneration  (colloid?),  or  a  neurogliar  hyperplasia  may  occur,  by  which  the 
gray  matter  becomes  indurated  and  actually  sclerosed.  Contraction  usually  follows  this  stage, 
and  the  gray  matter  of  the  affected  part  becomes  shrunken. 

The  lesions,  while  they  begin  in  the  anterior  horn  of  the  gray  matter,  are  not  confined  to 
it  alone.  It  is  true  that  in  the  posterior  horn  of  the  same  side,  and  on  the  undisturbed  side, 
there  are  a  few  if  any  changes,  and  the  white  matter  of  the  cord  escapes  except  for  a  few  fibers 
of  the  pyramidal  tracts  which  occasioiially  degenerate  for  a  short  distance.  It  is  the  anterior 
nerve-roots  and  motor  nerves  in  which  the  secondary  changes  are  observed.  These  consist 
of  degenerations  of  some  or  many  of  the  fibers,  and  are  without  special  peculiarities. 

The  muscles  to  which  the  nerve-fibers  distribute  undergo  a  rapid  atrophy,  the  change  being 
in  the  nature  of  a  fatty  metamorphosis.  If  the  patient  lives  and  grows,  the  parts  which  were 
governed  by  the  destroyed  nerve-cells  do  not  grow  concomitantly,  but  have  their  development 
permanently  arrested. 


650 


THE  NERVOUS  SYSTEM. 


Chronic  Anterior  Follomyelitia — Progressive  Muscular  Atrophy. — Chronic  polio- 
myelitis differs  from  the  acute  form  in  that  the  disease  is  of  insidious  onset,  chronic  duration, 
occurs  chiefly  in  adults,  and  is  characterized  by  gradual  atrophy  and  disappearance  of  the 
motor  nerve-cells  of  the  anterior  cornua  of  the  spinal  cord.  Sometimes  the  cells  of  Clarke's 
vesicular  column  are  also  affected.  The  nerve-cells  gradually  become  smaller  and  smaller 
until  they  finally  disappear.  As  the  cells  are  destroyed  a  parallel  degeneration  or  atrophy  of 
the  peripheral  nerve,  and  of  the  muscles  to  which  it  is  distributed,  takes  place.  The  atrophy 
usually  affects  first  the  muscles  of  the  thumb  and  little  finger,  then  the  interossei,  lumbricales, 
and  other  small  muscles  of  the  hand,  spreading  to  the  forearm  and  later  ascending  to  the 
trunk.  The  atrophy  may  also  hegin  in  the  lower  extremities  and  ascend.  It  occurs  by  fatty 
metamorphosis  of  the  muscular  tissue. 

Nowhere  in  the  diseased  tissues,  either  muscular  or  nervous,  is  there  any  sign  of  inflamma- 
tion.    The  morbid  changes  are  those  of  atrophy. 

Etiology. — No  cause  is  apparent,  but  analogy  would  indicate  that  some  toxic  or  infectious 
condition  was  responsible  for  it.  Sometimes  the  vessels  of  the  anterior  cornua  show  distinct 
changes.  The  disease  usually  begins  in  the  cervical  region  of  the  cord,  but  may  begin  any- 
where, and  in  the  medulla  is  known  as  bulbar  palsy. 

Bulbax  palsy,  or  progressive  glossolabiolaryngeal  palsy,  is  identical  with  chronic 
poliomyelitis  anterior,  except  that  instead  of  occurring  in  the  cord  it  occurs  in  the  medulla 
oblongata.  Further,  in  place  of  the  cells  of  the  anterior  horns  of  gray  matter  being  affected, 
the  disease  is  now  centralized  in  the  various  nuclei  of  the  medulla,  which  may  be  taken  as 
their  representatives,  and  affects  the  cells  of  the  ganglia  of  the  hypoglossus,  glossopharyngeal, 
spinal  accessory,  vagus,  facial,  and  other  nerves. 

The  nerve-cells  of  the  gangha  atrophy  and  disappear,  the  fibers  of  the  various  nerves 


Fig.  305. — Primary  lateral  sclerosis  (Collins). 

degenerate  secondarily,  and  a  gradual  atrophy  of  the  voluntary  muscles  occurs  in  the  distribu- 
tion of  the  nerves. 

Amyotrophic  Lateral  Sclerosis. — This  is  a  spinal  affection,  which,  in  typical  cases,  adds 
to  the  atrophy  of  the  ganglionic  cells  of  the  anterior  cornua  of  gray  matter,  the  degeneration 
of  the  peripheral  nerves,  and  the  atrophy  of  the  muscles  in  their  distribution,  the  additional 
lesion  of  a  secondary  (?)  degeneration  in  the  pyramidal  tracts  of  the  cord.  The  most  variable 
part  of  the  lesion-complex  is  the  affection  of  the  pyramidal  tracts.  It  may  be  marked  and 
extend  high  up  the  cord,  pass  through  the  medulla,  and  even  continue  to  the  internal  capsule. 
In  some  recorded  cases  (Charcot,  Marie)  lesions  of  the  cerebral  cortex  also  occurred,  as  if  the 
entire  motor  apparatus  were  involved. 

According  to  Stengel,  there  is  a  case  on  record  in  which  there  was  no  lesion  of  the 
pyramidal  tract.  The  degeneration  of  the  pyramidal  tracts  affects  fibers  of  both  the  anterior 
and  lateral  pyramidal  columns.     The  degenerations  are  devoid  of  specific  peculiarities. 

The  cause  of  the  disease  is  not  known.  Syphilis  is  supposed  to  be  of  etiologic  importance. 
Paralytic  dementia  may  also  be  associated  with  it.  In  all  probabiUty  the  real  injurious  agent 
is  some  toxic  substance  generated  within  the  body  by  its  own  processes  or  by  infectious 
agents. 

Secondary  Degenerations  of  the  Spinal  Cord.— There  are  very  constant  degenerative 
changes  observed  to  follow  the  path  of  certain  systems  of  fibers,  ascending  or  descending, 
when  their  connection  with  the  ganglionic  nerve-cells  is  broken.  Such  lesions  may  be  of 
central  or  peripheral  origin,  and  may  be  limited  or  extensive  according  to  the  individual  case. 
The  lesions  may  appear  in  a  week,  or  sometimes  less,  after  section  of  the  cord.  They  may  be 
visible  microscopically  in  two  days.  The  microscopic  features  of  the  degeneration  have 
already  been  described.      The  nerve-fibers  may  completely  disappear.      The  lesion  occurs 
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simultaneously  in  all  parts  of  the  affected  nerve.  After  completion  of  the  degenerative 
changes  sclerosis  with  proliferation  of  the  glia  tissue  occurs. 

Descending  Defeneration. — This  form  of  degeneration  very  commonly  results  from  disease 
of  the  cerebral  cortex  and  internal  capsule.  It  may  succeed  disease  of  any  segment  of  the 
cord.  The  changes  are  observed  in  the  pyramidal  tracts,  both  anterior  and  lateral,  If  the 
lesion  be  unilateral  and  at  a  point  higher  up  than  the  medulla  oblongata,  the  anterior 
pyramidal  tract  of  the  same  side  and  the  lateral  pyramidal  tract  of  the  opposite  side  will  be 
affected.  Inasmuch  as  a  few  fibers  of  the  lateral  tracts  do  not  decussate,  there  may  be  degen- 
eration in  a  few  fibers  of  the  lateral  pyramidal  tract  of  the  same  side  also. 

The  degenerative  changes  extend  downward  to  the  end  of  the  interrupted  fibers  in  the 
anterior  cornua  of  the  gray  matter,  and  occasionally  these  cells  are  found  embraced  in  the  re- 
sulting destructive  process,  undergoing  atrophy  and  degeneration.  The  anterior  nerve-roots 
and  motor  nerves  have  been  known  to  show  degenerative  changes,  so  that  a  lesion  of  the 
cerebral  cortex  or  internal  capsule  may  be  followed  by  degeneration  of  the  entire  remaining 
nervous  communications. 

When  the  lesion  is  in  the  spinal  cord,  the  degeneration  begins  at  the  seat  of  disease  and 
descends.  Rarely,  descending  degeneration  is  also  seen  in  the  posterior  columns.  It  usually 
affects  a.  group  of  fibers  that  project  backward  and  outward  from  the  posterior  gray  com- 
missure^-the  so-called  "  comma  columns  "  of  Schultze.  These  columns  approach  the  posterior 
commissure  more  closely  low  down  the  cord,  and  form  the  oval  fields  of  Flechsig. 


Fig.  306. — Descending  degeneration  after  cerebral  apoplexy  (Collins). 


Ascending  Degeneration. — This  usually  sticceeds  transverse  myelitis,  and,  ascending,  affects 
the  entire  posterior  columns  in  the  lower  part  of  the  cord  and  the  columns  of  GoU  above. 

Disease  of  the  posterior  nerve-roots,  and  especially  of  the  spinal  ganglia,  is  followed  by 
ascending  degeneration  of  the  posterior  columns.  Sometimes  ascending  degeneration  is 
observed  in  the  direct  cerebellar  columns  if  the  lesion  producing  it  be  in  the  upper  dorsal 
region  of  the  cord;  in  not  infrequent  cases  it  is  associated  with  degenerations  of  the  cells  of 
Clarke's  vesicular  column.     It  may  occur  in  the  anterior  lateral  tract  of  Gowers, 

The  ascending  degeneration  usually  terminates  in  the  restiform  bodies,  but  may  contmue 
on  into  the  cerebrum  (see  Tabes  Dorsalis). 


DISEASES  OF  THE  MEMBRANES  OF  THE  BRAIN. 

THE  DURA  MATER. 

Hyperemia  of  the  dura  mater  is  not  coinmon,  probably  because  of  the 
hypostasis  of  blood  in  the  vessels  shortly  after  death,  which  causes  the  upper 
surface  of  the  membrane  to  appear  bloodless  and  the  dependent  part  only, 
to  appear  congested.  The  membrane  is  at  best  a  comparatively  bloodless, 
tendinous  tissue. 

Local  hyperemias  are  sometimes  observed  about  inflammatory  foci,  specific 
inflammatory  nodes,  or  neoplasms. 
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Passive  hyperemia  sometimes  results  from  the  obstruction  of  the  veins 
from  thrombosis  of  the  sinuses. 

Thrombosis  of  the  venous  sinuses  of  the  dura  mater  is  a  rather  rare 
affection,  seen  in  childhood  after  infantile  diarrhea,  in  chlorosis  and  anemia, 
and  in  the  terminal  stages  of  phthisis,  malignant  diseases,  and  chronic  wast- 
ing diseases.  Such  thrombi  are  known  as  marantic  thrombi.  Secondary- 
thrombosis  sometimes  occurs  as  a  result  of  the  extension  of  inflammation 
from  neighboring  parts  to  the  vessel-wall,  as  in  internal  ear  affections,  frac- 
ture of  the  skull,  mastoid  disease,  etc.  The  thrombus  is  usually  situated  in 
the  superior  longitudinal  sinuses,  and  may  or  may  not  cause  death.  Occa- 
sionally at  autopsy  coagula  are  removed  from  the  superior  longitudinal 
sinuses  when  least  expected.  These  may  have  formed  during  the  death 
agony.     Their  appearance  differs  from  ordinary  postmortem  clots. 

Hemorrhage  from  the  vessels  of  the  dura  mater  may  be  either  internal 
or  external,  and  usually  results  from  traumatic  injury.     When  associated  with 
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Fig.  307. — Acute  meningitis  and  encephalitis  :  A,  Pia  mater  ;  a,  fibrinous  exudate  ;  i,  hem- 
orrhagic exudate ;  B,  cortical  substance  of  the  brain ;  c,  small  blood-vessel  filled  with  fibrin 
and  infiltrated  with  leukocytes  ;  d,  longitudinal  section  of  a  small  vessel  whose  lumen  and  peri- 
vascular space  are  filled  with  leukocytes  and  red  blood  corpuscles ;  «,  blood-vessel  with  many 
leukocytes  in  the  perivascular  space  ;  /  collection  of  leukocytes  in  the  cerebral  substance 
(Weichselbaum). 

fracture  of  the  skull,  the  hemorrhage  from  the  dura  mater  is  external,  the 
blood  flowing  into  the  space  between  the  dura  mater  and  the  bones.  Much 
blood  may  escape,  so  that  its  pressure  may  compress  the  brain-substance. 
Such  cases  are  described  as  internal  cephalhematoma.  Hemorrhages  also 
occur  in  the  dura  mater  itself,  especially  in  persons  who  have  died  from  suf- 
focation. 

Acute  pachymeningitis,  or  acute  inflammation  of  the  dura  mater, 
usually  follows  traumatic  injuries  of  the  skull  with  infection.  It  may  also 
succeed  middle-ear  disease  and  other  suppurations  of  contiguous  tissues.  It 
is  characterized  by  suppuration.  The  membrane  is  creamy  white,  unless  the 
occurrence  of  hemorrhage  discolors  it,  and  is  covered  with  a  layer  of  pus. 

Chronic  internal  pachymeningitis  is  a  not  infrequent  affection,  not 
perfectly  understood,  but  apparently  of  hematogenous  origin.  It  is  accom- 
panied in  most  cases  by  more  or  less  disease  of  the  arachnoid  and  pia. 
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The  lesion  consists  of  the  formation,  one  after  another,  of  delicate  lamina 
of  fibrinous  exudate  upon  the  inner  surface  of  the  dura  mater.  These, 
when  examined  microscopically,  are  found  to  be  composed  of  fibrin  threads 
and  granules  with  a  few  leukocytes.  In  the  course  of  time  the  fibrin  dis- 
integrates and  is  absorbed,  but  simultaneously  there  are  proliferation  of  the 
connective-tissue  cells,  fibroblastic  processes,  and  the  gradual  formation 
of  a  delicate  connective  tissue  which  replaces  the  original  fibrin.  Newly 
formed  capillaries  vascularize  the  tissue,  sometimes  to  an  abnormal  degree. 
Not  infrequently  the  capillaries  seem  to  be  abnormal  in  development  or 
subject  to  subsequent  disease  by  which  extravasations  of  blood  occur  into  the 
interstices  and  between  the  lamina  of  the  tissue,  causing  it  to  become  of  a 
deep  rust-red  color  and  hemorrhagic  appearance  to  the  naked  eye,  and  full 
of  amorphous  blood-pigment  when  examined  microscopically.  Cases  of  this 
kind  are  frequent  among  the  insane>  in  alcoholics,  and  in  cases  of  chronic 
cardiac  and  renal  disease.  The  frequent  escape  of  blood  gives  the  disease 
its  familiar  name,  hemorrhagic  pachymeningitis . 

In  the  development  of  the  connective-tissue  lamina  the  capillaries  are 
sometimes  destroyed,  so  that  the  tissue  becomes  avascular.  This,  however, 
does  not  terminate  the  process,  for,  as  it  happens  in  one  area,  further  pro- 
liferation of  capillaries  and  hemorrhage  occur  at  others.  Considerable-sized 
hemorrhages,  in  the  dura,  in  this  affection,  are  called  hematomata  of  the  dura 
mater.  The  absorption  of  the  hemorrhagic  exudate  takes  place  slowly. 
Calcareous  infiltration  is  sometimes  seen  in  the  diseased  tissue.  The  hemor- 
rhagic pachymeningitis  usually  corresponds  to  the  distribution  of  the  middle 
meningeal  artery.     It  is  bilateral  in  about  one-half  of  the  cases. 

Chronic  pachymeningitis  externa,  in  which  the  inflammatory 
changes  are  observed  on  the  outer  surface  of  the  dura  mater,  is  less  frequent. 
It  may  not  only  bring  about  changes  in  the  dura  mater  itself,  but  may  also 
occasion  absorptive  changes  in  the  bones  of  the  skull. 

Calcification  of  the  dura  mater  is  very  frequent  and  varied.  In  the  aged  the  external 
surface  of  the  dura  is  sometimes  found  coveted  with  calcareous  plates  similar  to  fish-scales. 

Diffuse  calcareous  infiltration  in  the  form  of  amorphous  granules  also  occurs  in  chronic 
pachymeningitis. 

Probably  the  most  frequent,  though  least  important,  form  of  calcification  occurring  in  the 
dura  is  the  formation  of  osteophytes — bony  tumors — in  the  falx  cerebri.  These  may  "be  irregu- 
lar, shapeless,  somewhat  flattened  masses  of  irregularly  formed  bone  in  the  dura  mater,  or 
may  correspond  to  the  sickel-shaped  outline  of  the  falx. 

Tuberculosis  of  the  dura  mater  is  not  very  common.  It  may  suc- 
ceed tuberculous  disease  of  the  bones  of  the  skull,  may  extend  to  the  dura 
from  tuberculous  disease  of  the  brain,  pia,  and  arachnoid,  or  may  be  of 
hematogenic,  metastatic  origin.  The  tubercles  form  chiefly  upon  the  inner 
surface  of  the  membrane,  and  present  the  usual  appearance  of  miliary  tuber- 
cles. Large  tuberculous  growths  form  characteristic  cheesy  masses,  but  may 
at  times  somewhat  resemble  sarcoma. 

Syphilis  of  the  dura  mater  may  lead  to  diff'use  cellular  infiltration, 
adhesions  between  the  dura,  arachnoid,  and  pia,  and  may  be  the  cause  of 
diffuse  fibrous  thickenings  of  the  membraxxe—pachymeniiigitis  fibrosa.  Some- 
times the  fibrous  masses  contain  cheesy  masses — old  gummata  (?). 

Gumma  of  the  dura  is  rare.  The  lesions  are  of  various  size,  usually  flat- 
tened, and  caseous  and  apt  to  be  surrounded  by  rinds  of  dense  connective 
tissue. 

Tumors  of  the  Dura  Mater. — The  most  frequent  tumor  is  spindle- 
cell  sarcoma.  Found-cell  sarcoma  is  also  seen.  The  alveolar  sarcoma  is 
not  rare.  The  tumors  usually  form  more  or  less  well-circumscribed  nodes  or 
flattened  growths,  which  project  upon  the  inner  surface  of  the  membrane 
and  press  upon  the  brain.     They  vary  from  the  size  of  a  pea  to  that  of  an 
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orange.  Occasionally  they  develop  upon  the  outer  surface  of  the  dura,  and 
by  pressing  upon  the  bones,  lead  to  absorption  and  ultimate  perforation. 
The  endothelioma  is  frequently  observed  upon  the  inner  surface  of  the  dura 
mater.  It  has  its  usual  characteristics  (^.  z/.).  Sometimes  the  sarcomata 
of  the  dura  are  telangiectatic,  sometimes  they  assume  the  form  known  as 
angiosarcoma.  ,  The  hyaline  degeneration  of  the  blood-vessel  walls  which 
characterizes  cylindroma  is  also  frequently  seen.  Psammoma  is  of  not  infre- 
quent occurrence,  both  in  the  simple  form  and  in  combination  with  sarcoma 
(^psammosarcoma').     Fibroma  and  lipoma  are  rare. 

Secondary  growths  of  the  dura  mater  may  occur.  Of  these,  sarcoma 
and  gliosarcoma  from  the  brain  may  be  mentioned,  and  also  secondary  car- 
cinoma and  epithelioma  from  various  neighboring  regions. 

Parasites  of  the  dura  mater  are  very  rare.  Birch- Hirschfeld  men- 
tions the  echinococcus  and  Cysticercus  cellulosa  as  having  been  observed. 

THE  PIA  MATER  AND  ARACHNOID. 

Anemia  of  the  pia  mater  is  very  rare.  General  anemia  and  fatal  hem- 
orrhage are  supposed  to  cause  it.  In  reality  in  fatal  hemorrhage  with  pro- 
found anemia  of  other  organs  the  meninges  are  not  infrequently  somewhat 
congested. 

Hyperemia.— Active  hyperemia  of  the  pia  is  frequent,  forming  the 
earliest  stage  of  meningitis.  Active  hyperemia  also  occurs  in  death  from 
alcoholism  and  during  epileptic  attacks.  It  also  is  frequent  in  typhoid, 
hydrophobia,  cholera,  and  other  infectious  diseases,  and  in  such  intoxications 
as  lead,  morphin,  etc.  Acute  congestion  of  the  meninges  is  sometimes 
seen  in  acute  mania. 

The  macroscopic  appearances  are  not  difficult  of  recognition.  The  entire 
pia  mater  will  show  a  rosy-red  color,  depending  upon  general  turgescence  of 
the  vessels.  All  the  visible  vessels  are  injected,  and  it  is  very  evident  that 
arterial  hyperemia  is  present.  It  is  not  always  easy  to  differentiate  between 
an  acute  congestion  and  an  early  inflammation,  and  it  may  require  a  micro- 
scopic examination  to  determine  it.  The  cerebrospinal  fluid  may  appear 
slightly  clouded  in  acute  congestion. 

Passive  hyperemia,  or  venous  congestion,  is  recognized  with  somewhat 
greater  difficulty  because  of  the  frequency  with  which  the  vessels  of  the  pia 
are  found  engorged  with  blood  after  death.  It  is  true  that  "Cos. postmortem 
congestion  is  chiefly  in  the  dependent  part  of  the  vascular  network,  but  still 
it  is  sometimes  difficult  to  decide  whether  a  certain  amount  of  venous  con- 
gestion found  at  autopsy  is  normal  or  not. 

The  venous  congestion  is  most  easily  observed  in  the  larger  veins,  which 
are  full  and  tortuous.  In  cases  of  chronic  venous  congestion,  such  as  follows 
heart  disease,  emphysema,  etc. ,  these  veins  become  quite  ectatic  and  unusu- 
ally tortuous.  The  arachnoid  is  nearly  always  clouded  in  passive  hyperemia, 
and  the  amount  of  fluid  is  increased. 

The  causes  of  chronic  congestion  of  the  pia  mater  are  heart  disease  with 
hypertrophy  and  increased  .arterial  pressure  or  venous  obstruction.  The 
obstruction  to  the  escape  of  the  venous  blood  from  the  cavity  of  the  skull 
because  of  diseased  bones,  diseased  or  thrombosed  vessels,  congestion  of  the 
larger  veins,  pressure  of  tumors,  etc. ,  all  predispose  to  passive  congestion  of 
the  pia  and  brain  substance. 

Edema  of  the  meninges  is  seen  as  an  increase  in  the  cerebrospinal  fluid 
that  occupies  the  subarachnoid  space.  It  occurs  in  all  cases  of  hyperemia, 
both  active  and  passive,  and  in  all  forms  of  acute  inflammation.  It  is  some- 
times spoken  of  as  hydrops  meningeus.     Meningeal  edema  is  sometimes  seen 


DISEASES   OF   THE   MEMBRANES   OF   THE   BRA  IN.  655 

in  nephritis,  probably  being  of  toxic  origin.  Large  collections  of  fluid  in 
the  spaces  between  the  pia  and  arachnoid  are  described  as  hydrocephalus 
externus. 

Hydrops  ex  vacuo  is  a  form  of  edema  or  dropsy  of  the  arachnoid  which 
is  seen  in  consequence  of  atrophy  or  hypoplasia  of  the  cerebral  convolutions. 
The  space  that  should  be  occupied  by  the  normal  brain  tissue  is  found  filled 
with  fluid.  In  all  forms  of  meningeal  edema  the  arachnoid  is  swollen  and 
gelatinous  in  appearance. 

A  gelatinous  edema  of  the  pia  and  arachnoid,  with  slight  clouding  of  the 
membranes,  is  found  in  paresis  and  some  forms  of  insanity. 

Hemorrhage. — Subarachnoid  hemorrhages  from  the  vessels  of  the  pia 
mater  are  of  various  origin  and  extent.  Small  punctifomi  hemorrhages  are 
not  infrequent  as  a  result  of  inflammation,  and  are  at  times  so  numerous  as 
to  warrant  the  description  hemorrhagic  meningitis.  Anthrax  infection  of  the 
pia  and  arachnoid  frequently  causes  the  hemorrhagic  form  of  the  disease. 
Scurvy,  hemophilia,  various  infections,  and  some  toxic  conditions  may  also 
lead  to  local  blood  extravasations. 

Hemorrhagic  collections  between  the  pia  and  arachnoid  are  usually  more 
massive  and  conform  in  shape  to  the  sulci  of  the  cerebrum,  because  of  the 
peculiar  arrangement  of  the  arachnoid,  which  is  firmly  united  with  the  pia 
where  it  is  in  contact  with  it  upon  the  convolutions,  but  separated  from  it 
where  the  pia  dips  down  into  the  sulci.  It  is  in  these  open  intervals  that 
the  hemorrhage  occurs.  The  hemorrhages  follow  severe  injuries  of  the  skull 
with  or  without  fracture. 

Massive  hemorrhages  into  the  subarachnoid  space  usually  result  from  the 
rupture  of  aneurysms  of  the  larger  cerebral  arteries  and  cthe  entrance  of  the 
blood  into  the  space  between  the  pia  and  arachnoid,  covering  the  greater 
part  of  the  brain  with  a  thin  layer  of  blood.  Such  hemorrhages  do  not  need 
to  be  superfiicial,  but  may  occur  in  the  brain  substance  or  in  the  ventricles, 
from  which  the  blood  flows  along  the  choroid  plexuses  until  it  finally  works 
its  way  into  the  subarachnoid  space.  The  fluidity  or  solidity  of  the  blood 
in  such  cases  is  an  index  of  the  dufation  of  the  case. 

Leptomeningitis,  or  inflammation  of  the  pia  mater  and  arachnoid, 
may  be  either  acute  or  chronic. 

Acute  leptomeningitis  is  probably  always  an  infectious  inflammatory 
affection  resulting  from  the  presence  of  micro-organisms  brought  to  the  tissues 
by  the  blood,  by  accidentally  or  surgically  inflicted  wounds,  by  extension  to 
the  meninges  along  the  lymphatics,  or  by  continuity  of  tissue  from  the  ear, 
the  orbit,  the  nasal  fossae,  the  frontal  sinuses,  etc. 

Various  micro-organisms  may  cause  the  affection,  but  the  puumococcus  is  that  most  fre- 
quently found.  The  streptococci  and  staphylococci  of  suppuration,  the  typhoid  bacillus, 
influenza  bacillus,  the  Bacillus  pyocyaneus,  the  Bacillus  coli  communis,  the  bacillus  of 
Friedlander,  the  bacillus  of  bubonic  plague,  the  glanders  bacillus,  tubercle  bacillus,  and  the 
actinomyces  have  all  been  observed.  Among  the  epidemic  cases  it  is  usual  to  find  the  menin- 
gococcus (Diplococcus  intracellularis  meningitidis)  of  Weichselbaum,  which  is  now  recog- 
nized to  be  its  cause. 

The  Diplococcus  Intracellularis  meningitidis  of  Weichselbaum,  the  now  accepted  cause 
of  cerebrospinal  meningitis,  especially  the  epidemic  form,  is  supposed  to  enter  the  membranes 
of  the  brain  from  the  nasal  fossae  or  other  opening  of  the  skull. 

Morphology.— The  organism  is  a  diplococcus  having  somewhat  the  biscuit  shape  of  the 
gonococcus,  a  resemblance  which  is  increased  by  the  fact  that  the  cocci  commonly  occur  in- 
closed in  the  cytoplasm  of  leukocytes.  Weichselbaum,  who  first  observed  the  arrangement, 
found  it  constant  in  sections  of  the  brain  and  its  membranes,  though  in  the  exudate  of  the 
disease  a  large  number  of  free  cocci  also  occur.  It  was  because  of  the  presence  of  the  cocci 
in  the  leukocytes  that  he  decided  to  call  it  intracellularis. 

The  organism  is  non-motile  and  without  spores  or  flagella. 

Staining-.— It  readily  stains  with  the  ordinary  dyes,  and  probably  not  by  Gram's  method. 

Cultivation.— The  organism  is  of  feeble  vegetative  power,  and  does  not  adapt  itself  easily 
to  artificial  conditions  of  cultivation.     It  grows  upon  agar-agar,  glycerin  agar-agar,  Loffler's 
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blood-serum  mixture,  and  a  few  other  media.  It  does  not  grow  in  bouillon  or  on  potato  or 
gelatin. 

The  cultures  have  no  characteristic  appearance  ;  the  cocci  grow  sparingly  and  only  at  body- 
temperature,  forming  a  more  or  less  confluent  series  of  minute,  rounded,  grayish  points,  easily 
overlooked  upon  opaque  media  like  blood-serum.  The  general  characteristics  of  the  growth 
are  like  those  of  the  pneumococcus  and  streptococcus. 

Upon  plates  the  colonies  are  irregularly  rounded  and  granular.  Those  at  the  surface  are 
largest,  and  contain  a  yellowish-brown  central  nucleus.  The  edges  may  be  dentate.  The 
colonies  are  grayish  or  yellowish  at  the  center,  becoming  less  intense  toward  the  edges. 

The  vitality  of  the  organism  seems  low,  so  that  it  soon  dies  out  in  artificial  culture-media, 
and  when  under  study,  requires  transplantation  every  day  or  two.  The  organisms  are  usually 
sparingly,  but  sometimes  plentifully,  found  in  the  fluid  secured  from  the  spinal  canal  by  lum- 
bar puncture. 

Pathogenesis. — The  presence  of  the  coccus  in  the  exudate  of  cerebrospinal  meningitis  is  so 
constant  that  its  etiologic  r&le  cannot  be  doubted.  It  does  not,  however,  produce  character- 
istic lesions  in  animals.  Weichselbaum  trephined  animals  and  introduced  the  cocci  beneath 
the  dura,  some  of  them  dying  from  the  resulting  congestion  and  suppuration  of  the  mem- 
branes. 

Distribution. — The  organism  is  known  to  us  only  as  a  parasite  of  man.  It  was  isolated  by 
Scherer  from  the  nose  in  coryza,  from  the  conjunctiva  by  Frankel  and  Axenfeld,  and  from 
cases  of  ostitis  and  rhinitis  by  Jager,  but  with  these  exceptions  it  is  known  only  in  cerebro- 
spinal meningitis.  It  occurs  in  over  one-half  of  the  examined  cases  of  cerebrospinal  menin- 
gitis. 

The  infections  are  very  often  pure,  though  it  is  not  unusual  to  find  the 
streptococci  and  staphylococci  together  with  others  upon  the  list. 

In  studying  the  lesions  of  leptomeningitis  it  is  convenient  to  divide  them 
into  groups  according  to  the  character  of  the  exudate  formed.  It  is  also 
customary  to  separate  the  simple  and  infectious  (epidemic)  forms.  As,  how- 
ever, the  lesions  of  the  ordinary  and  epidemic  forms  are  almost  identical, 
they  will  not  be  separately  considered  here.  It  is  quite  probable  that  the 
following  familiar  groups  are  simply  different  stages  of  the  same  process  and 
the  divisions  are  made  solely  for  convenience  of  description. 

Serous  Leptomeningitis. — This  is  a  rapidly  fatal  form  of  the  disease  in  which  death 
occurs  before  suppuration  has  had  time  to  develop.  It  is  rather  more  frequent  in  children 
than  in  adults,  and  not  infrequently  occurs  in  the  early  days  of  infectious  diseases,  such  as 
measles  and  scarlatina.     In  the  adult  it  is  occasionally  seen  after  sunstroke. 

The  morbid  anatomy  is  simple,  and  consists  in  an  edematous  infiltration  of  the  pia  and 
arachnoid,  accompanied  by  marked  hyperemia  and  the  collection  of  a  serous  fluid  in  the  sub- 
arachnoidal space  and  ventricles  of  the  brain.  The  fluid  may  appear  slightly  clouded,  and 
is  rarely  present  in  considerable  quantity. 

Microscopic  examination  shows  the  presence  of  large  numbers  of  leukocytes  in  the  fluid 
and  in  the  perivascular  lymphatics. 

Fil)rinopurulent  Leptomeningitis. — This  is  probably  a  more  advanced  stage  of  the  serous 
form,  and  differs  from  it  in  the  occurrence  of  suppuration  and  in  the  presence  of  fibrin. 

The  appearance  of  the  brain  is,  however,  quite  different  and  very  characteristic.  Its 
essential  feature  consists  in  a  collection  of  purulent  material  in  the  subarachnoidal  space.  It 
is  chiefly  observed  and  first  noticed  in  the  depressions  of  the  sulci  and  along  the  lines  of  the 
chief  vessels.  As  the  pus  increases  in  amount  it  fills  the  subarachnoidal  space  so  as  to  form 
yellowish  bands  between  the  convolutions,  and  finally,  when  present  in  extreme  amounts,  to 
coat  the  entire  surface  of  the  hemispheres  with  a  yellowish,  creamy  layer,  in  which  much  or 
little  fibrin  may  form  and  make  the  mass  coherent. 

The  inflammatory  process  may  be  local  or  limited  when  it  spreads  from  a  local  area  of 
bone-disease,  or  may  be  common  to  both  hemispheres.  It  may  occur  at  the  vertex  {cortical 
meningitis)  or  at  the  base  of  the  brain  {basilar  meningitis).  When  there  is  much  pus,  it  often 
finds  its  way  through  the  transverse  fissure  into  the  ventricular  cavities,  and  appears  as  an 
infiltration  following  the  course  of  the  choroid  plexuses.  Ependymal  inflammation  nearly 
always  occurs,  and  the  fluid  of  the  ventricles  becomes  turbid. 

When  the  inflammation  is  very  active,  it  is  not  rare  to  find  small  hemorrhages,  causing 
discoloration  of  part  of  the  exudation.  In  extreme  cases  the  exudate  may  be  so  thick  as 
entirely  to  obscure  the  convolutions,  making  the  brain  appear  like  a  smooth  yellow  or 
buttered  mass.  The  pus  occupies  the  delicate  tissue  of  the  pia  and  arachnoid,  the  sub- 
arachnoidal space,  and  the  loose  tissue  surrounding  the  blood  vessels.  In  marked  cases  it 
may  begin  to  invade  the  central  cortex,  in  which  degenerative  changes,  such  as  destruction  of 
the  axis-cylinders,  degeneration  of  the  ganglion-cells,  etc.,  become  apparent.  It  is  not  infre- 
quent to  find  the  chief  distribution  of  the  disease  along  the  middle  meningeal  artery. 

The  exudate  is  yellowish  and  creamy  in  cases  depending  upon  the  streptococci  and  staphy- 
lococci ;  contains  more  fibrin  in  cases  caused  by  the  pneumococcus.  Cases  associated  with 
the  Bacillus  coll  communis  are  frequently  foul-smelling. 
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It  is  not  always  possible  to  determine  the  etiology  of  the  case  from  the  characteristics  of  the 
exudate  present.  Green  pus,  for  example,  is  quite  frequent  irrespective  of  Bacillus  pyocyaneus. 
In  cases  of  actinomycosis  the  actinomyces  grains  may  be  present. 

Epidemic  cerebrospinal  menlugitia  seems  to  begin  at  the  frontal  lobes  and  gradually 
extend  backward  and  downward,  affecting  the  inner  membranes  of  both  brain  and  spinal 
cord.  It  is  very  frequently  of  a  type  spoken  of  as  fulminant  or  foudroyant,  and  is  likely  to 
bring  about  death  before  much  suppuration  has  occurred.  The  exudation  is  chiefly  basilar  and 
spinal,  the  base  of  the  brain  and  the  posterior  surface  of  the  spinal  pia  being  coated  with  a 
yellowish  layer,  giving  it  a  "  buttered  "  appearance.  It  is  in  these  cases  that  Diplococcus  intra- 
cellularis  meningitidis  is  found. 

Purulent  leptomeningitis  is  commonly  fatal.  It  may,  however,  recover 
by  absorption  of  the  exudate  and  gradual  return  to  the  normal  condition. 
It  is  not  uncommon  to  find  certain  permanent  alterations  following  the 
disease.  Of  these,  the  union  of  the  pia  and  arachnoid,  fibrous  adhesions 
between  pia,  arachnoid,  and  dura  mater,  and  general  fibrous  thickening  of 
the  pia  and  arachnoid  may  be  mentioned.  In  cases  in  which  the  disturb- 
ance within  the  ventricles  has  been  considerable,  permanent  dilatation  of 
the  ventricles  may  remain. 


Fig.   308. — Fibrinopurulent    leptomeningitis:    a.   Purulent    exudate    rich    in    streptococci; 
h,  fibrinous  exudate;  c,  dura  mater  with  some  leukocytic  invasion  (Weichselbaum). 

Chronic  leptomeningitis  is  a  rather  indefinite  term,  used  to  dgscribe  a  variety  of  different 
conditions.  By  some  it  is  thought  that  the  Pacchionian  granulations  or  enlarged  papillae  of 
the  arachnoid,  which  appear  upon  the  dura  near  the  great  longitudinal  sinus,  result  from 
chronic  inflammation ,  but  they  are  so  common  that  it  is  no  doubt  incorrect  to  look  upon  them 
as  abnormal.  Some  look  upon  indurations  of  the  pia  mater  resulting  from  previous  acute 
leptomeningitis  as  indications  of  chronic  leptomeningitis,  when,  in  fact,  they  may  simply 
depend  upon  cicatricial  formations  occurring  during  convalescence.  Still  others,  more  cor- 
rectly, restrict  the  term  to  the  progressive  changes  occurring  about  chronic  specific  inflamma- 
tions, such  as  tuberculosis,  and  about  neoplasms.  Here  we  have  a  true  chronic  inflammatory 
process,  characterized  by  round-cell  infiltration,  connective-tissue  hyperplasia,  and  induration. 

In  paretic  dementia  chronic  disease  also  takes  place  in  the  pia  mater  and  arachnoid.  It 
consists  of  thickening  of  the  membranes  seemingly  beginning  in  the  frontal  lobes,  and  extend- 
ing backward.  The  pia  is  distinctly  clouded,  and  may  be  white  and  opaque,  chiefly  in  the 
sulci,  but  also  upon  the  convolutions.  The  disease  spreads  to  the  central  lobes  and  opercula, 
and  sometimes  farther  back.  The  tissues  affected  are  infiltrated  with  round-cells  and  undergo 
connective-tissue  proliferation.  There  are  occasional  collections  of  erythrocytes,  which  prob- 
ably escape  from  the  blood  vessels  by  diapedesis,  and,  by  disintegration,  cause  a  brownish  or 
yellowish  pigmentation,  particularly  observable  in  the  adventitia  of  the  blood  vessels  descend- 
ing into  the  brain  substance  below.  The  disease  seems  to  descend  from  the  pia  to  the 
subjacent  cortex,  and  even  to  the  white  matter  of  the  brain,  especially  along  the  blood  vessels, 
leading  to  what  is  described  as  meningo-encephalitis .  The  process  is  never  evenly  or  regu- 
larly distributed,  but  occurs  in  the  form  of  scattered  collections  of  cells  about  a  limited 
number  of  blood  vessels.  Some  of  the  affected  vessels  become  hyaline,  others  become 
thickened. 
42 
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Tuberculosis  of  the  Pia  and  Arachnoid. — Tuberculous  meningitis 
occurs  both  in  children  and  in  adults,  but  most  frequendy  in  the  former. 
It  may  affect  all  parts  of  the  meninges,  but  seems  to  have  a  preference  for 
the  basilar  portion.  It  may  succeed  primary  tuberculosis  of  the  dura  or  of 
the  brain,  but  more  frequently  is  of  secondary  hematogenous  origin,  follow- 
ing tuberculosis  of  the  lungs,  etc.  In  rare  cases  it  seems  to  be  a  primary 
affection. 

The  lesions  are  typical  miliary  tubercles  occurring  chiefly  at  the  base  of 
the  brain,  especially  upon  the  pia  mater  covering  the  pons,  about  the  optic 
chiasm,  the  Sylvian  fossae,  and  the  perforated  spaces. 

In  tuberculous  meningitis  of  hematogenous  origin  the  lesions  are  situated 
in  the  pia  mater  and  in  the  subjacent  cerebral  tissues.  They  are  best  seen 
upon  the  inner  surface  of  the  membrane,  and  cluster  about  the  walls  of  the 
blood  vessels,  consisting  at  first  of  cellular  infiltrations  and  thickenings  of 
the  walls  of  the  vessels. 

The  disease  is  of  rapid  course,  and  usually  terminates  fatally.  Many 
cases  are  characterized  by  a  serous  or  seropurulent  exudation  beneath  the 
arachnoid,  as  well  as  by  tubercle  formation  in  the  membranes.  Sometimes 
there  is  mixed  infection,  due  to  the  presence  of  the  pneumococcus.  Uncom- 
plicated tuberculosis,  however,  may  show  the  exudate.  This  exudation  may 
be  quite  marked.  The  disease  may  also  extend  along  the  pia  into  the  trans- 
verse fissure,  and  affect  the  choroid  plexuses  in  the  ventricles  and  the 
ependyma. 

Tuberculous  meningo=encephaHtis  is  not  infrequent.  The  arteries  of  the 
anterior  and  posterior  perforated  spaces  often  show  little  gray  tubercles  when 
carefully  withdrawn  from  the  tissue,  even  though  no  tubercles  can  be  found 
elsewhere.  The  disseminated  miliary  tubercles  are  nearly  always  small,  the 
patient  dying  before  they  have  time  to  become  large. 

In  primary  tuberculosis  of  the  meninges  a  single  lesion  may  attain  con- 
siderable size  without  causing  serious  symptoms.  Such  solitary  tubercles  may 
attain  the  size  of  a  hen's  ^gg,  and  are  called  tyromaia.  They  are  situated  in  a 
depressed,  atrophic  area  of  the  brain,  though  by  uniting  with  it  the  tubercles 
may  extend  into  the  cerebral  substance.  Such  large  masses  are  grayish  or 
yellowish  white,  cheesy,  and  usually  firm,  though  sometimes  soft  and  semi- 
fluid. 

In  rare  cases  such  large  tuberculous  masses  undergo  calcareous  infiltration. 
Though  the  center  becomes  calcified,  about  it  there  is  a  zone  of  extension 
with  pinkish  granulation  tissue,  in  which  a  number  of  typical,  fresh  tubercles 
are  present.  The  large  masses  readily  sink  into  and  replace  the  soft  brain 
substance,  and  so  do  not  come  into  contact  with  the  dura.  If,  however, 
they  touch  it,  union  and  subsequent  invasion  of  the  dura  take  place. 

Large  tuberculous  masses  may  persist  for  a  long  time  without  metastatic 
distribution  through  the  lymphatics,  either  to  the  brain  or  meningeal,  tissues. 
On  the  other  hand,  such  extension  may  occur  early. 

Tuberculous  lesions  of  the  pia  depending  upon  diseased  bones,  etc.,  occur 
first  near  the  point  of  infection,  and  may  either  spread  slowly,  forming  con- 
siderable-sized local  lesions,  or  rapidly,  with  disseminated  tubercles. 

Syphilis  of  the  meninges  is  chiefly  characterized  by  gumma  forma- 
tion. Cellular  infiltrations  may,  however,  -occur  and  form  a  conspicuous 
part  of  the  process.  A  perivascular  round-cell  infiltration  gradually  develops 
into  a  diffuse  cellular  infiltration,  with  subsidiary  perivascular  collections. 
Increase  in  size  of  the  chief  cellular  collection  leads  to  the  final  formation 
of  a  partially  vascularized  node.  Caseation  or  gummy  degeneration  of  the 
node,  succeeded  by  cicatrization  of  its  borders,  ultimately  produces  a  dense 
cicatricial  formation.     Thickenings  of  the  intima  of  the  larger  blood  vessels 
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may  be  observed.  The  lesion  may  be  small  or  large.  Characteristic  gum- 
mata  may  form.  In  the  latter  case  it  extends  from  the  pia  and  invades  the 
cerebral  substance.  The  lesion  is  not  easily  recognized,  except  when  typical 
gummata  are  present.  It  may  assume  the  form  of  distributed  thickenings 
of  the  pia,  with  cicatricial  formations  in  the  sulci  upon  the  surface  of  the 
brain,  and  sometimes  takes  the  form  of  wide-spread  chronic  leptomeningitis. 

Tumors  of  the  Pia  and  Araclinoid. — Pacchionian  Bodies. — Pacchionian  bodies  grow  from 
the  arachnoid  in  the  form  of  small,  rounded,  circumscribed,  more  or  less  pedunculated, 
dense  fibrous  projections,  usually  quite  numerous  and  chiefly  observed  above  the  great  longi- 
tudinal fissure  of  the  brain.  By  growing  into  the  dura  mater  they  bring  about  a  firm  union 
of  the  two  membranes.  Not  infrequently  they  slowly  work  their  way  through  the  tissues  of 
the  denser  membrane  into  the  longitudinal  sinus  and  upon  the  outer  surface  of  the  membrane. 
In  the  sinus  they  cause  no  disturbance  of  the  circulation.  Upon  the  external  surface  of  the 
brain  they  are  very  prone  to  unite,  making  a  rough  grayish  or  whitish  mass  extending  along 
the  angle  formed  by  the  convex  and  median  surfaces  of  the  brain  at  the  vertex  of  the  skull. 
Here  dura  and  pia  are  very  intimately  adherent.  When  large  and  collected  into  little  masses 
projecting  externally,  their  contact  with  the  bones  of  the  skull  is  followed  by  atrophy,  so  that 
the  osseous  tissue  may  be  honey-combed  along  the  line  of  the  sagittal  suture,  or  may  present 
occasional  deep  excavations  the  surfaces  of  which  are  reduced  to  a  thinness  little  more  than 
that  of  paper. 

Pacchionian  granulations  are  without  pathologic  or  clinical  importance.  They  are  observed 
in  nearly  every  adult  body  examined  after  death. 

Endothelioma  is  of  frequent  occurrence  in  the  soft  membranes  of  the 
brain,  where  it  develops  from  the  cells  of  the  lymphatics  {lymphangiosar- 
coma)  and  sometimes  from  the  perithelial  cells.  The  tumors  may  be  small, 
but  not  infrequently  attain  the  size  of  a  hen's  egg.  They  are  not  usually 
circumscribed,  but  frequently  extend  irregularly  in  all  directions  by  more  or 
less  well-developed  prolongations.  Their  development  occurs  chiefly  from 
the  pia  and  arachnoid.  Microscopically  they  are  characterized  by  spaces 
lined  with  cells  somewhat  similar  to  those  of  tubular  glands.  Few  of  the 
spaces  show  such  a  regular  arrangement,  however,  and  most  of  them  are  filled 
with  irregularly  proliferated  cells. 

5imple  connective-tissue  tumors  are  occasionally  seen  in  the  pia  and 
arachnoid.  Among  them  are  fibroma,  myxoma,  lipoma,  and  osteoma. 
Organized  thrombi  may  sometimes  be  mistaken  for  fibroma.  Lipoma  is  very 
rare  in  all  parts  of  the  nervous  system. 

Sarcoma  of  the  pia  and  arachnoid  is  said  in  its  early  stages  to  resemble 
endothelioma  or  perithelioma,  and  may  develop  from  the  same  elements. 
Angiosarcoma,  my x angiosarcoma,  and  cylindroma  are  also  rather  frequent 
growths. 

Psammoma  and  psammosarcoma  are  rather  less  frequent  in  the  pia  and 
arachnoid  than  in  the  dura  mater. 

Epithelioma. — True  epithelioma  of  the  pia  mater  is  rarely  seen.  It 
usually  occurs  in  the  interior  of  the  brain,  and  seems  to  grow  from  the 
epithelium  covering  the  choroid  plexuses  or  from  the  ependyma.  The 
tumors  are  soft.  They  may  attain  considerable  size,  and  show  malignancy, 
both  by  the  disintegration  of  the  tissue  in  which  they  grow  and  by  metastatic 
growths  in  remote  parts  of  the  brain.  The  tumor  has  its  usual  character- 
istics, and  consists  of  a  delicate  stroma  of  connective  tissue  with  very  numer- 
ous epithelial  cell  masses  inclosed  in  irregular  spaces.  The  cells  are,  for  the 
most  part,  of  the  columnar  type,  though  one  not  infrequently  observes  lami- 
nated masses  of  flattened  cells  analogous  to  the  epithelial  pearls  of  squamous 
epithelioma.  The  tumor  not  infrequently  occurs  in  a  papillary  form,  and 
projects  into  the  ventricle  in  a  dendritic  form.  It  is  prone  to  retrogressive 
changes,  of  which  the  most  frequent  is  myxomatous  degeneration  of  the 
stroma. 

Chofesteatoma  is  an  infrequent  tumor  of  the  pia  mater.  It  is  more  fre- 
quent at  the  base  of  the  brain  than  elsewhere,  and  is  seen  chiefly  upon  the 
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pons,  in  the  Sylvian  fossa,  and  in  the  cerebellum,  though  it  sometimes  occurs 
in  the  ventricles.  It  may  attain  the  size  of  an  apple,  but  is  far  more  fre- 
quently the  size  of  a  pea.  It  is  sometimes  smooth,  sometimes  nodular,  and 
the  surface  may  be  shining. 

Teratomata,  tumors  composed  of  all  the  body  tissues  heterogeneously 
massed  together,  are  rarely  seen.  They  occur  in  the  meninges,  in  the  ven- 
tricles, and  sometimes  in  the  hypophysis  cerebri.  The  origin  is  unknown. 
Clinical  evidences  of  their  presence  is  usually  early  manifested. 

Secondary  tumors  of  the  membranes  of  the  brain  are  by  no  means  in- 
frequent, and  result  from  metastasis.  Sarcoma,  carcinoma,  etc.,  occur.  They 
may  take  on  a  wide-spread  development  in  the  subarachnoidean  space.  ' 

Cysts  sometimes  occur  in  the  choroid  plexuses,  as  exudation  cysts  (the 
choroid  plexuses  are  supposed  to  secrete  the  cerebrospinal  fluid).  .Parasitic 
cysts  resulting  from  the  Cysticercus  cellulosae  have  also  been  observed.  A 
dermoid  cyst  of  the  choroid  plexus  has  also  been  observed. 

Parasites  of  the  meninges  are  rare.  The  only  forms  that  need  be 
mentioned  are  the  echinococcus  and  the  Cysticercus  cellulose. 

THE  BRAIN. 

Congenital  malformations  of  the  brain  may  involve  the  cerebrum  or  cere- 
bellum. This  may  or  may  not  be  accompanied  by  changes  in  the  bones  of 
the  skull. 

Deformities  of  the  Skull  and  Brain.  — Of  these,  may  be  mentioned  absence  of  the  cranium 
— acrania  ;  ununited  sutures — cranioschisis  ;  cleft  skull  and  spine — craniorrachischisis  ;  and 
local  irregularities  of  ossification.  The  results  will  vary  according  to  the  exact  condition 
present,  so  that  the  brain  may  be  completely  or  partially  undeveloped — anencefhalia  ;  or  may 
project  through  fissures  or  openings,  forming  hernia — cephalocele. 

In  acrania,  although  the  bones  of  the  skull  are  absent,  the  brain  is  represented  by  occa- 
sional small  collections  of  nervous  tissue,  or  a  small  mass  at  the  basilar  process  of  the  occipital 
bone;  in  acefhaly ,  iSi^  membranes  are  present  and  form  a  sac  filled  with  clear  fluid.  At 
times  the  membranes  seem  to  have  ruptured  and  collapsed.  When  the  cerebrum  and  cere- 
bellum are  entirely  absent,  the  pons  and  medulla  are  often  present.  When  the  cranium  fails 
to  develop  on  one  side — hemicrania — the  brain  of  that  side  is  undeveloped.  It  is  not  usual  for 
the  remaining  side  of  the  brain  to  be  well  developed  under  these  conditions,  so  that  at  least  a 
partial  anencephalia  is  almost  invariable. 

Deformities  of  tbe  Brain  Depending  upon  Malformation  of  the  Cranium. — Cramos- 
ckisis  is  most  frequent  between  the  frontal  bones  and  in  the  neighborhood  of  the  posterior 
fontanel  in  the  posterior  part  of  the  occipital  bone.  It  may  occur  in  the  sagittal  suture  or  in 
the  sphenoid  bone.  If  the  meninges  project  through  the  fissure,  the  condition  is  spoken  of  as 
meningocele.     If  the  brain  substance  also  escapes,  encephalocele  or  encephalomeningocele. 

It  is  not  impossible  that  the  clefts  in  the  bones  may  result  from  dilatation  of  the  ventricular 
cavities  of  the  brain  and  separation  of  the  bones  during  fetal  hydrocephalus.  I^arge  menin- 
goceles and  encephaloceles  are  not  subject  to  surgical  interference  and  are  usually  incoinpati- 
ble  with  life.     Small  lesions  of  this  nature  are  not  infrequently  cured  by  the  surgeon. 

The  hernias  are  described  as  frontal,  occipital,  anterior,  posterior,  superior,  lateral,  etc. 
Fissures  of  the  sphenoid  are  usually  accompanied  by  cleft-palate  and  harelip.  Sometimes  the 
anterior  cerebral  vesicle  does  not  develop  properly,  and  fusion  of  the  frontal  lobes  takes 
place.  There  may  then  be  a  single,  imperfectly  formed  eye.  This  condition  is  described  as 
cyclencephalia. 

Hypoplasia  of  the  brain  must  necessarily  follow  early  union  of  the  cranial 
sutures,  but  whether  or  not  hypoplasia  always  depends  upon  this  cause,  must 
be  regarded  as  an  open  question.  Virchow  was  of  this  opinion,  but  Cruveil- 
hier  and  others  incline  toward  the  view  that  micro-encephalia  depends  upon 
previous  intra-uterine  hydrocephalus  externus,  by  which  the  development  of 
the  surface  of  the  brain  is  retarded  by  pressure. 

The  brain  in  microcephalia  is  smaller  than  normal,  but  the  parts  are  prop- 
erly proportioned.  The  convolutions  are  usually  less  numerous  and  less  com- 
plex than  in  the  normal  brain.  The  convolutions  may  be  as  complex  as 
normal,  but  are  abnormally  narrow.  This  condition  is  called  microgyria. 
In  rare  cases  the  convolutions  become  membranous  in  character,  and  are  so 
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attenuated  as  to  contain  scarcely  any  nervous  substance.  The  microgyria  is 
not  only  a  gross  morbid  lesion,  but  is  one  that  affects  the  finer  structure  of 
the  brain  as  well,  being  characterized  by  loss  of  some  of  the  cortical  layers, 
diminution  or  total  absence  of  nerve-cells,  etc.  The  brain  may  weigh  from 
200  to  goo  grams  less  than  the  normal  brain. 

The  hypoplasia  is  not  always  symmetric,  but  sometimes  affects  lobes  of 
the  brain  singly  and  unilaterally.  The  convolutions  of  the  affected  area  are 
usually  very  narrow.  The  condition  may  affect  either  cerebrum  or  cere- 
bellum. Its  remote  effect  is  sometimes  seen  in  the  spinal  cord.  Thus,  if 
the  motor  area  be  not  developed,  the  pyramidal  tracts  are  often  absent. 
Absence  of  columns  of  the  cord  is  likely  to  result  in  micromyelia. 

A  true  aplasia  of  the  nervous  tissue  sometimes  leaves  the  brain  with  dis- 
tinct holes  or  depressions  in  its  substance.  These  may  communicate  with 
the  lateral  ventricles,  or  may  be  separated  by  a  very  thin  layer  of  white 
niatter.  Neighboring  convolutions  are  not  particularly  disturbed.  The  con- 
dition is  known  as, porencephaly.  Some  writers  look  upon  it  as  the  result  of 
cerebral  softening  following  anemic  infarcts.  The  absent  tissue  is  sometimes 
partly  replaced  by  fibrous  or  cystic  outgrowths  from  the  pia  mater. 

Congenital  absence  of  parts  of  the  brain  other  than  the  convolutions  may 
also  occur.  Of  these  may  be  mentioned  absence  of  the  corpus  callosum.  It 
may  take  place  in  brains  otherwise  deformed  or  in  brains  otherwise  normal. 
It  is  invariably  associated  with  absence  of  the  callosomarginal  sulcus,  ver- 
tical division  of  the  fornix,  and  more  or  less  secondary  degeneration. 

Absence  of  one  or  both  hemispheres  of  the  cerebellum  is  sometimes  ob- 
served. It  is  said  to  be  accompanied  by  sclerotic  changes,  though  collec- 
tions of  cerebrospinal  fluid  usually  replace  the  lost  tissue.  With  the  absence 
of  cerebellar  tissue  very  small  olivary  bodies,  reduction  in  the  size  of  the 
pons  and  medulla,  and  occasional  abnormalities  in  the  corpora  quadri- 
gemina  may  be  observed. 

Sometimes  the  convolutions  are  anomalous.  When  these  pertain  to  minor  convolutions 
only,  no  attention  need  be  paid  to  them.  Rarely  they  affect  the  major  landmarks  of  the  brain. 
Thus  the  fissure  of  Rolando  is  sometimes  interrupted  by  gyri, — annectant gyri, — or  the  parieto- 
occipital fissure,  which  is  normally  interrupted,  may  be  free.  In  all  probability  these  changes 
are  of  no  clinical  or  pathologic  significance. 

Hydrocephalus. — Hydrocephalus,  or  water  on  the  brain,  is  a  collec- 
tion of  fluid  in  the  ventricles  of  the  brain  or  in  the  subarachnoid  space.  It 
may  be  external — that  is,  outside  of  the  brain  in  the  subarachnoidean  space  ; 
or  internal,  and  distend  the  ventricular  space.  It  may  be  congenital  or 
acquired. 

External  Hydrocephalus  or  Meningeal  Hydrops. — Sometimes  this  forms  what  is  de- 
scribed as  hydrocephalus  ex  vacuo,  and  is  simply  an  exudation  of  fluid  to  replace  or  fill  up  gaps 
left  in  the  cerebral  substance  where  tissue  is  absent.  It  is  not  always  possible  to  tell  whether 
external  collections  of  fluid  are  primary  or  whether  they  are  of  secondary  origin,  and  it  may 
be  that  in  the  cases  spoken  of  as  hydrocephalic  micro-encephalia  the  primary  hydrocephalus 
is  the  cause  of  the  hypoplasia  of  the  brain.  Such  a  condition  may  also  be  the  cause  of  anen- 
cephalia. 

Internal  hydrocephalus  is  a  fluid  collection  within  the  ventricular  cavities 
(third  and  lateral  ventricles)  of  the  brain.  All  degrees  may  occur.  It  may 
at  times  seem  to  be  limited  to  a  ventricle,  or  it  may  fill  all  the  ventricles 
with  a  fluid  collection  under  considerable  pressure ;  it  may  moderately  dilate 
the  ventricular  cavities,  or  it  may  so  greatly  distend  the  general  ventricular 
space  as  to  transform  the  hemispheres  of  the  brain  into  a  thin-walled  sac. 
Of  the  communicating  ventricles,  the  fourth  is  always  least  affected.  The 
fifth  ventricle  takes  no  part  in  the  process.  It  usually  begins  in  intra-uterine 
life,  sometimes  quite  early,  but  may  also  develop  after  birth.  It  may  run  its 
whole  course  before  the  completion  of  gestation,  and  produce  an  enormous 
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head  that  interferes  with  delivery;  or  may,  after  a  somewhat  different  course, 
result  in  anencephalia. 

As  a  rule,  the  disease  is  bilateral  and  symmetric.  If  the  child  be  safely 
born,  the  subsequent  course  of  the  case  may  result  in  a  head  enormous  in 
size  from  distention  of  the  cranium  by  the  pressure  of  the  fluid  accumulation 
within  the  ventricles.  The  bones  of  the  skull  in  these  cases  are  widely 
separated  at  the  sutures,  the  spaces  being  filled  by  Wormian  bones.  The 
dura  and  pia  mater  are  distended,  into  great  sacs,  and  from  the  thinned 
cerebral  tissue  the  feebly  developed  convolutions  are  pressed  flat.  The 
cortical  substance  of  the  brain  may  measure  only  a  few  millimeters  in 
thickness. 

The  fluid  occupies  the  lateral  and  third  ventricles  and  may  dilate  the 
aqueduct  of  Sylvius.  It  rarely  dilates  the  fourth  ventricle,  however.  The 
fifth  ventricle  may  dilate  or  its  walls  may  atrophy  and  permit  free  communi- 
cation of  the  lateral  ventricles.  It  may  dilate  the  infundibulum  and  form  a 
small  sac  at  the  base  of  the  brain.  The  fluid  is  clear  and  watery.  The 
choroid  plexuses  are  usually  enlarged  and  pale  and  may  be  cystic. 

The  appearance  of  the  child  with  hydrocephalus  is  quite  characteristic. 
The  head  is  large  and  globular,  the  face  small,  the  forehead  high  and  bulg- 
ing, and  the  eyes  may  project  and  the  sutures  gape.  When  the  brain  is 
removed  and  examined,  it  is  usually  found  to  have  about  the  normal  rela- 
tive weight.  It  is  pale  and  anemic,  and  feels  soft  and  flabby.  The  interior 
is  smooth,  or  may  show  nodules  from  sclerotic  areas  beneath  the  ependyma. 

The  choroid  plexuses  of  the  ventricles  are  somewhat  hypertrophied,  and 
appear  pale  and  are  often  cystic.  The  corpus  callosum  is  apt  to  become 
very  thin.  When,  from  any  cause,  the  surface  of  the  brain  is  compromised 
and  its  tissues  lost,  secondary  degeneration  may  be  noticed  in  the  cord. 
Chiari  has  also  observed  slight  changes  in  the  cerebellum  in  hydrocephalus. 

The  cause  of  hydrocephalus  is  not  known.  Stengel  regards  it  as  of 
parental  origin,  and  points  out  that  the  children  of  drunkards  are  apt  to 
suffer  from  the  affection.  It  is  commonly  regarded  as  of  inflammatory 
origin.  It  may  have  some  connection  with  closure  of  the  transverse  fissure 
of  the  brain,  which  prevents  the  exit  of  fluid  from  the  ventricles.  Some 
writers  find  the  cause  of  hydrocephalus  in  an  alteration  in  the  blood  pressure 
of  the  choroid  plexuses  and  in  the  cerebral  veins. 

Marked  hydrocephalus  is  usually  fatal,  yet  in  most  almshouses  and 
asylums  one  or  more  hydrocephalic  adults  are  found,  attracting  attention 
because  of  the  enormous  size  of  their  heads.  It  is  probably  always  incom- 
patible with  the  perfect  development  of  the  faculties,  and  in  the  brains  of 
those  who  have  lived  atrophy  of  certain  parts,  disappearance  and  calcification 
of  nerve-cells,  and  degeneration  of  brain-fibers  have  been  found  on  post- 
mortefn  examination. 

Certain  heterotopic  conditions,  by  which  gray  matter  in  the  form  of  streaks  or  scattered 
patches  occurs  irregularly  scattered  throughout  the  white  matter  of  the  cerebrum  or  cerebel- 
lum, appear  to  be  congenital.  They  may  have  no  clinical  significance,  but  seem  to  be  rather 
more  frequent  among  epileptics  and  the  insane  than  among  normal  persons. 

CIRCULATORY  DISTURBANCES   OF  THE  BRAIN. 

Anemia  of  the  brain  is  characterized  by  a  diminished  quantity  of  blood 
in  the  vessels  of  the  pia  mater  and  by  a  pallor  of  the  gray  substance.  In 
the  white  substance,  when  incised,  there  are  fewer  red  dots  where  vessels  are 
cut  across  than  usual. 

The  condition  is  not  frequent.  It  may  occur  in  general  anemia,  especi- 
ally that  following  hemorrhage,  or  may  be  a  local  process,  sometimes  col- 
lateral in  origin— that  is,   resulting  from   the   determination   of  blood    to 
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Other  parts  or  organs  of  the  body,  particularly  the  lungs  and  the  abdominal 
organs.  It  may  also  result  from  spasmodic  contraction  of  the  blood  vessels 
and  from  disease  of  the  vessels,  though  it  must  be  remembered  that  the  free 
anastomoses  of  the  vessels  of  the  circle  of  Willis  compensate  for  most  irregu- 
larities of  this  kind.  Collections  of  fluid  in  the  ventricular  cavity  and  in 
the  subarachnoidean  space  may  originate  an  ischemic  condition  by  pressing 
the  blood  from  the  veins  and  interfering  with  the  entrance  of  blood  through 
the  arteries. 

Chronic  anemic  conditions,  such  as  are  seen  in  progressive  pernicious 
anemia,  marasmus,  and  cachexia,  also  occur.  The  anemia  which  depends 
upon  vascular  disease  and  obstruction  must  also  be  chronic.  Stengel  finds 
that  in  chronic  anemia  of  the  brain  the  organ  is  smaller  and  softer  than 
normal.  The  ventricles  are  somewhat  enlarged,  the  convolutions  shrunken 
in  appearance,  and  the  sulci  deeper  than  normal. 

Ischemia  of  the  brain  is  common  from  thrombosis  and  embolism.     It  is  ■ 
followed  by  softening  and  cyst  formation. 

Hyperemia. — Active  Hyperemia. — In  spite  of  its  surrounding  bony 
capsule — the  skull — the  brain  tissue  is  subject  to  considerable  variation  in  its 
contained  blood.  The  blood-supply  of  the  brain  is  increased  during  func- 
tional activity  and  diminished  during  rest.  A  pathologic  hyperemia  always 
accompanies  inflammatory  and  toxic  conditions,  such  as  are  seen  in  the  in- 
fectious diseases,  tetanus,  rabies,  sunstroke,  meningitis,  encephalitis,  acute 
delirium,  etc. 

Local  active  hyperemia  is  seen  in  all  cases  of  focal  inflammatory  con- 
ditions, or  in  cases  of  meningitis  may  occur  in  the  brain  substance  im- 
mediately beneath  the  pia  mater.  It  may  also  follow  thrombosis  with  red 
softening  of  the  brain  tissue. 

Passive  hyperemia  of  the  brain  occurs  in  cardiac  disease,  pulmonary 
affections,  etc.,  when  the  escape  of  blood  from  the  cerebral  veins  is  pre- 
vented, or  when  paralytic  dilatation  of  the  vessels  causes  an  increase  in  the 
intracranial  pressure.  It  may  also  be  caused  by  tumors  of  the  neck  pressing 
upon  the  jugular  veins.  Brain  tumors  also  sometimes  cause  hyperemia  by 
pressing  upon  the  veins  of  the  brain  (veins  of  Galen,  etc.")  and  preventing 
the  blood  from  escaping.  Under  such  conditions  the  arteries  continue  to 
admit  blood  and  the  vascular  tension  within  the  skull  is  greatly  increased. 

Thrombosis  of  the  sinuses  of  the  dura  mater  also  obstructs  the  escape 
of  the  blood  from  the  brain  and  causes  hyperemia. 

The  morbid  anatomy  of  the  lesion  is  very  simple.  The  veins  of  the 
membranes,  especially  of  the  dura,  are  large  and  distended,  those  of  the 
pia  mater  are  unusually  full  of  blood,  and  the  brain  appears  larger,  softer, 
and  moister  than  normal.  The  color  is  also  somewhat  changed,  the  gray 
matter  being  of  a  slaty  color  and  the  white  matter  sometimes  tinged  with 
blue. 

Local  congestion  is  seen  where  the  venous  circulation  is  impeded  because 
of  thrombi,  pressure  from  neoplasms,  etc. 

Edema  of  the  brain  occurs  from  a  variety  of  causes,  most  of  which 
bring  about  primary  passive  congestion  to  which  the  edema  is  secondary. 
In  passive  congestion  there  is  but  little  doubt  that  an  increased  fluid  transu- 
date occurs.  It  is,  however,  speedily  taken  up  by  the  lymphatics,  so  that 
the  amount  of  cerebrospinal  fluid  is  not  markedly  increased.  When,  how- 
ever, the  amount  of  transuded  fluid  is  great  or  its  escape  through  the  lym- 
phatics impeded,  the  fluid  collects  and  edema  results.  The  fluid  is  found 
chiefly  in  the  subarachnoidean  space.  The  membranes  are  elevated,  the 
convolutions  are  indistinct,  and  a  pearly  luster  is  observed  upon  the  surface 
of  the  brain. 
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The  character  of  the  fluid  is  different  from  that  of  the  normal  cerebro- 
spinal fluid,  being  more  frequently  turbid  and  containing  a  greater  amount 
of  albumin.  In  nearly  all  cases  of  marked  edema  more  or  less  well-marked 
evidences  of  inflammation  can  be  observed  in  the  form  of  proliferated  endo- 
thelium of  the  arachnoid  and  round-cell  infiltration  about  the  blood  ves- 
sels. 

Edema  occasionally  results  from  intoxication,  as  in  Bright's  disease,  etc. 
It  may  also  be  local  in  the  neighborhood  of  softening. 

In  acute  h)'drocephalus  fluid  sometimes  works  its  way  into  the  white  sub- 
stance of  the  brain  and  penetrates  as  deeply  as  the  internal  capsule,  where 
its  pressure  upon  the  motor  fibers  may  be  followed  by  transient  hemiplegia. 

Hemorrhage  into  the  brain  may  be  either  minute  (^punctate  ox punc- 
tiforni)  or  massive. 

Minute  hemorrhages  of  the  brain  may  occur  by  diapedesis  or  by  rhexis  of  the  small  blood 
vessels.  They  occur  m  nearly  all  cases  of  acute  congestion,  in  all  the  inflammatory  conditions 
of  the  brain,  in  a  variety  of  specific  infectious  diseases,  and  in  certain  toxic  affections,  of 
which  lead  isprobably  the  most  important.  In  purpura,  scurvy,  small-pox,  anthrax,  and  malaria 
such  lesions  are  very  frequent.     Minute  hemorrhages  may  also  occur  from  arteriosclerosis. 

Punctiform  hemorrhages  may  be  of  microscopic  size  or  the  size  of  millet-seeds  or  even  of 
peas.  As  a  rule,  however,  it  would  be  well  to  classify  pea-sized  hemorrhages  among  the 
massive  hemorrhages,  unless  they  were  numerous.  Minute  hemorrhages  seem  to  be  most 
frequent  in  the  gray  .matter  of  the  brain,  and  they  usually  occur  in  the  cerebral  cortex.  The 
escaped  blood  is  partly  infiltrated  into  the  brain-substance  and  partly  into  the  perivascular 
spaces. 

The  changes  induced  by  the  punctiform  hemorrhages  are,  in  general,  similar  to  thos'e  seen 
following  massive  hemorrhages,  but  are  so  insignificant  that  they  are  usually  unaccom- 
panied by  any  obvious  lesions. 

Massive  hemorrhages  of  the  brain  most  frequently  result  from  increased 
arterial  pressure  in  vessels  previously  affected  with  arteriosclerosis.  It  usually 
affects  the  branches  of  the  middle  cerebral  artery,  which  enter  the  anterior 
perforated  space  to  be  distributed  to  the  basal  ganglia.  One  of  these  arteries 
— that  which  distributes  its  ultimate  branches  to  the  lenticiilar  nucleus — is 
more  frequently  affected  than  any  other,  and  for  this  reason  has  been  called 
by  Charcot  the  artery  of  cerebral  hemorrhage.  Its  rupture  usually  takes  place 
in  the  internal  capsule,  or  so  near  it  that  the  escaping  blood  almost  invariably 
presses  upon  or  destroys  its  important  fibers. 

The  branch  to  the  optic  thalamus  is  much  less  frequently  affected,  but 
occasionally  ruptures.  After  the  cerebral  basal  ganglia  and  important  nerve- 
tracts,  the  pons  is  next  most  frequently  affected.  The  cerebellum  is  some- 
times the  seat  of  hemorrhage  ;  the  medulla  very  rarely  so. 

Probably  the  cerebral  cortex  is  the  rarest  seat  of  massive  spontaneous 
hemorrhage,  though  in  hemorrhage  resulting  from  traumatic  lesions  of  the 
skull  cortical  hemorrhage  is  to  be  expected. 

Spontaneous  hemorrhage  nearly  always  follows  the  rupture  of  small 
aneurysms.  In  77  cases  which  Charcot  and  his  associates  studied,  the  occur- 
rence of  aneurysms  of  this  kind  was  invariable. 

The  effects  of  cerebral  hemorrhage  may  be  described  as  primary  {local  or 
remote')  and  secondary. 

Primary  Effects  of  Cerehral  Hemorrhage.— The  local  effects  may  be  described  as  imme- 
diate and  late.  The  immediate  result  is  the  escape  of  blood  into  the  brain-substance,  which 
\  '^fr  if '"^'^'  ^'^^  compresses.  The  result  of  this  damage  is  the  invariable  establishment 
should  the  patient  live,  of  a  series  of  retrogressive  changes  known  as  softening,  which  in  this 
case,  because  of  the  red  color  imparted  to  the  softened  mass  by  the  escaped  blood,  is  called 
red  softening.  Not  long  after  the  escape  of  the  blood  coagulation  takes  place,  and  a  mass 
IS  tormed  which  can  be  correctly  spoken  of  as  a  cerebral  hematoma.  The  surrounding 
healthy  tissue,  which  is  irritated  by  the  coagulated  blood  and  degenerated  tissue,  soon  begin! 
to  protect  Itself  by  building  about  the  clot  a  connective-tissue  or  neuroglia  capsule  which  mav 
more  or  less  completely  isolate  it.  =  >-  j 

Up  to  this  time  the  hemorrhagic  area  has  been  of  a  dark-red  color,  and  soft  and  mushy 
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in  consistence.  A  hyperemic  zone  surrounds  it,  in  which  there  may  be  punctiform  hemor- 
rhages. 

The  exact  seat  of  hemorrhage  will  modify  the  macroscopic  appearances,  as  will  also  the 
size  and  extent  of  the  lesion  ;  thus  the  hemorrhage  may  be  small  and  distinctly  local,  or  may 
be  so  large  as  to  lacerate  its  way  into  a  lateral  ventricle  and  fill  it,  or,  indeed,  all  the  ventricles, 
with  blood,  and  then,  escaping  through  the  transverse  fissure,  diffuse  itself  over  the  subarach- 
noid space.  Again,  when  the  hemorrhage  is  cortical,  it  may  be  subpial,  or  working  its  way 
through  the  pia,  may  appear  in  the  subarachnoidean  space. 

As  time  passes  the  fluid  part  of  the  escaped  blood  is  absorbed  by  the  lymphatics,  and  the 
surrounding  tissue  becomes  less  compressed.  The  corpuscles  being  destroyed  and  their 
pigment  separated  in  the  form  of  hemosiderin,  the  area  occupied  by  the  clot  becomes  paler 
and  of  a  rust  color.  Still  later  the  destroyed  nervous  tissue,  having  undergone  fatty  metamor- 
phosis, is  absorbed  and  a  more  or  less  free  cavity,  described  as  an  apoplectic  cyst,  is  formed. 
This  cyst  has  pigmented  indurated  walls,  which  probably  consist  essentially  of  newly  formed 
glia  tissue  pigmented  with  hemosiderin  in  amorphous  grains  and  darker  amorphous  and  crys- 
talline hematoidin. 

The  contents  of  the  cyst  consist  of  fragments  of  necrotic  matter,  crystals  of  cholesterin, 
and  sometimes  hematoidin.  Old  cysts  may  be  full  of  a  clear  fluid  containing  a  few  crystals 
of  cholesterin  and  hematoidin.  In  many  cases,  as  the  contents  of  the  cyst  are  absorbed, 
the  indurated  walls  contract,  compressing  the  seat  of  disease  more  and  more,  until,  in  the 
place  of  the  cyst,  a  scar  is  formed — apoplectic  scar. 

In  the  fresh  hemorrhagic  area,  by  carefully  using  a  fine  stream  of  water,  the  disintegrated 
tissue  and  blood  may  be  washed  away  and  the  vessels  exposed.  Examination  of  these  vessels 
with  a  hand  lens  or  with  the  low  power  of  a  microscope  will  usually  define  the  aneurysm  from 
which  the  hemorrhage  occurred. 

The  remote  effects  of  cerebral  hemorrhage  are  found  in  parts  of  the  body  that  have  been 
cut  off  from  their  centers  of  innervation  by  the  tissue  dissolution.  The  exact  nature  of  these 
effects  will  vary  according  to  the  seat  of  hemorrhage,  its  size,  and  the  kind  of  fibers  or  cells 
destroyed.  Only  an  exact  knowledge  of  the  course  of  the  fibers  and  an  application  of  this 
knowledge  to  each  case  will  enable  the  student  to  locate  the  seat  of  the  lesion.  Palsy,  motor 
or  sensory,  or  both,  on  the  opposite  side  of  the  body  is  the  usual  outcome  of  the  common 
form  of  cerebral  apoplexy.  The  lesion  in  a  considerable  majority  of  cases  is  on  the  left  side. 
The  hemorrhage  may  be  of  sufficient  size  to  produce  the  death  of  the  patient  in  a  short  time. 
Indeed,  sometimes  it  is  so  large  and  escapes  with  such  .violence  as  to  cause  almost  complete 
destruction  of  a  hemisphere  of  the  brain.     Such  cases  are  rapidly  fatal. 

On  the  other  hand,  when  the  described  absorptive  changes  occur,  the  condition  of  the 
patient  gradually  improves  up  to  a  certain  point,  beyond  which  it  is  impossible  for  him  ever 
to  advance,  because  the  motor  or  sensory  fibers  are  permanently  destroyed. 

The  secondary  effects  of  hemorrhage  into  the  brain  are  secondary  degenerations.  These 
are  all  systemic,  and  affect  different  systems  of  nerves  with  each  particular  seat  of  the  lesion. 
The  usual  lesion  of  cerebral  hemorrhage  being  about  the  artery  of  the  left  lenticular  nucleus 
and  severing  the  motor  fibers  of  the  internal  capsule,  the  most  frequent  form" of  secondary 
degeneration  is  that  which,  starting  at  the  lesion,  descends  in  the  path  of  the  pyramidal  tracts. 
The  entire  pyramidal  tract  of  one  side  may  be  destroyed.  Any  system  of  fibers  may  suffer 
degeneration  after  being  interrupted,  and  the  particular  case  that  the  student  has  before  him 
must  suggest  the  particular  areas  in  which  the  degenerated  fibers  must  be  sought. 

The  secondary  degeneration  in  the  brain  is  similar  to  that  seen  in  the  spinal  cord  {q.  v.), 
and  is  characterized  by  the'  same  loss  of  the  myelin  sheaths,  formation  of  compound  granule 
cells,  manifested  by  hyperplasia,  loss  of  neuroglia,  formation  of  corpora  amylacea,  etc.  The 
ultimate  outcome  of  the  process  is  the  loss  of  all  nervous  tissue  and  the  survival  of  the  neuro- 
gliar  fibers  only. 

Thrombosis  and  Embolism  of  the  Brain.— Thrombosis  of  the 
cerebral  vessels  may  occur  in  consequence  of  endarteritis,  embolism,  etc. 
It  is  most  frequent  in  embolism,  and  probably  next  most  frequent  in  senile 
arteriosclerosis.  The  thrombi  may  form  in  any  vessel  in  which  the  required 
conditions  present  themselves,  the  most  frequent  site  probably  being  the 
basilar  artery.  The  outcome  of  the  process  depends  upon  the  position  of 
the  lesion  and  the  ability  of  the  collateral  circulation  to  maintain  nutrition. 
When  the  circulation  fails,  softening  of  the  brain-substance — encephalo- 
malacia — takes  place. 

Embolism  of  the  brain  most  frequently  depends  upon  verrucosities  from 
the  aortic  valves  in  cases  of  endocarditis  and  dislodged  fragments  of  thrombi. 
The  emboli  may  enter  and  obstruct  any  of  the  cerebral  vessels,  though  ana- 
tomic conditions  usually  determine  that  they  take  the  most  direct  path  from 
the  heart  to  the  brain,  and  in  about  80  per  cent,  of  the  cases  pass  from  the 
aorta  into  the  left  common  carotid,  the  internal  carotid,  the  middle  cerebral 
artery,  and  then  plug  the  artery  of  the  Sylvian  fissure.     According  to  its 
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size,  the  embolus  may  enter  this  vessel  but  a  short  distance  or  may  penetrate 
to  its  finer  branches.  If  the  embolus  lodges  at  the  beginning  of  the  artery 
of  the  Sylvian  fissure,  the  resulting  area  of  softening  will  embrace  the  corpus 
striatum,  the  internal  capsule  in  large  part,  and  the  anterior  part  of  the  optic 
thalamus ;  if  it  enters  the  branch  known  as  the  arteria  lenticulostnata,  a 
cone-shaped  area  of  tissue  degenerates,  its  apex  in  the  third  segment  of  the 
lenticular  nucleus  and  its  body  embracing  the  anterior  two-thirds  of  the 
caudate  nucleus  and  the  internal  capsule ;  if  it  enters  the  branch  known  as 
the  lenticulo-optic  artery,  the  damage  occasioned  is  further  back  and  embraces 
the  posterior  part  of  the  lenticular  nucleus,  the  internal  capsule,  the  tail  of 
the  caudate  nucleus,  and  the  anterior  part  of  the  optic  thalamus. 

Sometimes  the  emboli  are  small  enough  to  enter  the  vessels  of  the  anterior 
perforated  space.  The  resulting  degenerations  are  then  observed  chiefly  m 
the  optic  thalamus,  and  form  areas  varying  in  size  from  a  pea  to  a  rnarble. 

Occlusion  of  the  external  posterior  optic  artery  causes  degeneration  of 
the  optic  thalamus  and  of  the  peduncle  of  that  side. 

More  rarely  the  emboli  enter  the  anterior  cerebral  artery;  still  more 
rarely  the  posterior  cerebral  artery,  usually  reaching  it  through  the  vertebrals 
and  basilar.  It  is  interesting  to  note  that  of  131  cases  of  cerebral  embohsm 
studied  anatomically  by  Gelpke,  64  (49  per  cent.)  were  on  the  left  side,  54 
(41  per  cent.)  on  the  right  side,  and  13  (10  per  cent.)  on  both  sides. 

The  lodgement  of  an  embolus  is  followed  by  thrombosis  of  the  artery 
and  almost  at  once  by  softening,  as  there  are  scarcely  any  collateral  arterial 
branches. 

Encephalomalacia.— Local  softening  of  the  brain  results  from 
ischemia.  The  most  frequent  causes  are  arteriosclerotic  changes  in  the 
smaller  vessels,  thrombosis,  and  embolism,  but  such  local  areas  are  also 
sometimes  seen  in  tuberculous  meningitis  in  children,  in  meningitis,  and 
in  encephalitis.  They  may  be  due  to  capillary  thrombosis  or  micro- 
organismal  emboli.  Traumatism  also  sometimes  may  cause  encephalomal- 
acia. The  changes  characterizing  softening  of  the  brain  substance  are 
necrotic,  and  belong  in  the  class  of  colliquation  necroses.  It  is  customary  to 
classify  the  lesions  according  to  the  color  which  the  necrotic  tissue  presents. 
This,  however,  leads  to  the  error  of  supposing  that  differences  of  color  in- 
dicate differences  of  kind,  whereas  in  truth  they  may  simply  indicate  differ- 
ences in  the  age  or  accidental  additions  of  blood  to  the  disintegrating  mass. 
It  is  usual  to  speak  of  white,  red,  and  yellow  softening. 

White  Softening. — This  is  simple  acute  colliquation  necrosis  occurring  in  nervous  tissue 
from  whicli  the  blood-supply  is  completely  and  permanently  shut  off.  The  lesion  forms  a 
more  or  less  distinctly  circumscribed,  larger  or  smaller  area,  in  which  the  tissue  rapidly  disin- 
tegrates with  the  formation  of  a  colorless,  whitish,  or  grayish  semifluid  mass.  When,  in  sec- 
tioning the  brain,  such  a  lesion  is  incised,  the  semifluid  contents  escape,  leaving  a  cavity 
with  ragged,  ill-defined  borders,  and  containing  a  reticulum  composed  of  fine  vessels  and 
neuroglia  fibers.  If  the  escaped  fluid  be  examined,  it  will  be  found  to  consist  of  remnants  of 
destroyed  nervous  tissue,  fragments  of  nerve-fibers  with  nodular  and  bulbous  axis-cylinders, 
fat-drops,  compound  granule  cells,  leukocytes,  and  fibers  and  cells  of  the  neuroglia — in  short, 
all  the  elements  resulting  from  destroyed  nerve  tissue. 

Yellow  softening  differs  from  white  softening  in  that  there  is  more  fatty  metamorphosis 
and  the  softened  matter  contains  yellowish  pigment,  which  probably  depends  upon  slight 
early  admixture  of  blood.  The  softened  areas  are  filled  with  material  macroscopically 
resembling  pus. 

Yellow  softening  is  not  a  specific  process,  but  either  a  pigmented  form  of  white  softening 
or  a  late  stage  of  the  red  softening. 

Red  softening  is.  necrosis  of  the  brain  tissue  with  extravasation  of  blood.  Its  formation 
may  be  identical  with  hemorrhagic  infarction,  or  there  may  be  simple  diapedesis  of  blood  from 
a  thrombus.  The  essential  feature  is  that  there  shall  be  a  sufiicient  admixture  of  red  blood 
corpuscles  to  the  degenerated  mass  to  color  it  red  or  brown. 

The  encephalomalacia  areas  may  be  so  small  that  they  are  scarcely  discoverable  to  the 
naked  eye,  or  they  may  be  of  considerable  size.     They  may  form  rapidly  when  caused  by 
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thrombosis  or  embolism,  very  marked  changes  having  been  observed  in  some  cases  within 
forty-eight  hours  after  embolism.  When  due  to  the  gradually  increasing  obstructions  of 
arteriosclerosis,  they  develop  much  more  slowly. 

In  all  forms  it  is  probable  that  the  sequence  of  events  is  much  the  same.  The  degenera- 
tion of  the  nervous  tissue  is  accompanied  by  destruction  of  the  myelin  sheaths,  formation  of 
myelin  drops,  deformity  and  final  destruction  of  axis-cylinders,  formation  of  many  fatty 
granules,  corpora  amylacea,  collection  of  large  numbers  of  compound  granule  cells,  and  the 
final  formation  of  a  cystic  cavity  filled  with  a  mushy  mass  composed  of  these  ingredients. 

As  time  passes  the  elements  undergo  the  most  complete  destruction  and  solution  and  are 
gradually  absorbed,  so  that  the  original  white,  gray,  yellow,  or  red  contents  give  place  to  a 
slightly  turbid  fluid,  or,  indeed,  in  some  cases,  to  a  clear  fluid.  The  cyst,  which  was  at  first 
very  indistinctly  circumscribed,  now  becomes  definitely  outlined  and  often  has  quite  smooth 
walls,  and  may  contain  a  delicate  fibrillar  reticulum.  The  lesion  may  remain  such  a  smooth- 
walled  cyst  with  clear  fluid  contents  for  years,  or  absorption  and  neuroglia  proliferation  may 
gradually  transform  the  cyst  into  a  scar.  This  change  is  probably  more  likely  to  occur  when 
the  softened  area  is  subpial  than  when  it  is  centrally  situated  in  the  brain.  Subpial  cysts  may 
collapse,  leaving  depressed  areas  upon  the  surface  of  the  brain,  in  which  fluid  from  the  sub- 
arachnoid space  accumulates.  The  depressed  area  may  have  a  yellow  or  brown  color.  The 
membranes  adjacent  alone  may  calcify. 

About  the  fresher  areas  of  softening  a  reactive  hyperemia  of  mild  grade,  and  occasional 
minute  punctiform  hemorrhages,  may  be  observed.  For  quite  a  distance  about  the  area  the 
healthy  tissue  may  be  softer  than  normal. 

When  softening  takes  place  in  poorly  vascularized  portions  of  the  brain,  instead  of  a  coUi- 
quation  necrosis,  a  condition  more  analogous  to  coagulation  necrosis  is  seen.  It  has  been 
called  by  the  French  "  etat  crible."  A  condition  possibly  akin  to  this  is  sometimes  seen  upon 
the  convolutions  of  the  brain,  and  has  received  the  name  plaques  ja-mies.  The  affected  areas 
are  yellowish,  firm,  retracted,  and  covered  by  thickened  pia  with  sclerotic  vessels. 

Though  most  frequent,  as  already  mentioned,  in  the  interior  of  the  brain,  the  cerebral  areas 
of  softening  may  also  at  times  affect  the  corte.x,  where  considerable  motor  and  sensory  dis- 
turbance will  result  from  the  occasional  destruction  of  the  centers. 

Encephalitis. — In  discussing  inflammation  of  the  brain  the  same  diffi- 
culty confronts  us  that  was  met  with  in  connection  with  the  spinal  cord. 
The  tissue  of  the  nervous  system  is  so  peculiar,  and  above  all  so  delicate, 
that  the  least  deleterious  influence  is  likely  to  cause  an  immediate  degenera- 
tion of  its  elements,  and  in  conditions  that  are  certainly  inflammatory,  one 
is  surprised  to  find  degeneration  or  softening  rather  than  conditions  regarded 
as  characteristic  of  inflammation.  The  ordinary  criteria  by  which  we 
diagnosticate  inflammatory  conditions  are,  therefore,  absent  in  the  nervous 
tissues. 

1  Traumatic  Encephalitis.— The  traumatic  form  of  inflammation  is  described  first  be- 
cause its  nature  is  unquestionable.  It  results  from  fracture  of  the  skull  with  depression, 
laceration,  and  infection  of  the  brain  ;  from  the  passage  of  fire-arm  projectiles,  from  punc- 
tures with  sharp  instruments,  etc.  Concussion  of  the  brain  from  shock  or  blows  produces 
changes  that  are  properly  included  here.  These  changes  consist  chiefly  of  minute  hemor- 
rhages and  local  areas  of  encephalitis  with  subsequent  sclerosis.  ^,_      . 

Traumatic  Injuries  ■without  Infection.— rhest  are  interesting  and  significant  The  tissue 
immediately  acted  upon  by  the  object  causing  the  lesion  is  usually  occupied  by  a  hemor- 
rhagic extravasation,  and  is  edematous  and  more  or  less  comminuted,  It  undergoes  a  rapid 
and  complete  necrosis.  Immediately  surrounding  the  necrotic  area  is  a  zone  of  reaction 
resembling,  though  not  identical  with,  similar  conditions  in  other  organs.  In  it  there  are 
hyperemia  and  perhaps  punctiform  hemorrhages,  transmigration  of  leukocytes,  and  a  tendency 
toward  proliferation  of  the  connective-tissue  cells  of  the  perivascular  sheaths  and  sometimes 
of  the  neuroglia.  This  zone  becomes  deeply  pigmented  with  hemosiderin  if  there  has  been 
much  hemorrhage.  The  pia  invariably  takes  part  in  this  reactive  process,  and  begins  early  to 
send  in  proliferating  cells.  ■    -i    1     •»     .  j 

The  nervous  tissue  in  this  zone  of  reaction  behaves  differently  from  other  similarly  situated 
tissues  for  about  the  time  that  the  reaction  is  established  and  regenerative  efforts  are  apparent, 
it  begins  a  typical  softening.  Cells  and  fibers  melt  away,  the  myelin  sheaths  breaking  up  into 
blocks,  the  cells  becoming  vacuolated,  their  processes  short  and  nodose,  fatty  metamorphosis 
soon  completely  destroying  them,  and  in  a  httle  while  for  a  short  distance  in  all  directions 
there  is  complete  destruction,  characterized  by  tissue  detritus,  compound  granule  cells   etc. 

As  the  patient's  condition  improves  there  is  a  removal  of  the  necrotic  and  softened  tissue, 
a  connective-tissue  and  neurogliar  hyperplasia,  and  a  final,  more  or  less  complete,  sclerosis  or 
cicatrization  According  to  some  observers,  new  nerve-fibers  are  seen  extending  through 
the  new  tissue,  and  karyokinesis  of  the  nuclei  of  nearby  nerve-cells  suggests  it  tendency  to 
regeneration.     It  is,  however,  improbable  that  any  of  the  regenerative  efforts  succeed.     _ 

2  Traumatic  Injuries  with  Infection.— When  infection  occurs  in  traumatic  injunes  of 
the  brain   it  usually  affects  the  membranes  of  that  organ  rather  than  the  nervous  tissue  proper, 
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and  appears  as  a  leptomeningitis  which  centers  about  the  seat  of  injury.  Meningitis  under 
these  conditions,  as,  indeed,  under  most  others,  is  not  hmited  to  the  pia,  but  involves  the  sub- 
jacent brain  tissue,  so  that  nieningo-encephalitis  is  the  more  frequent  lesion.  The  encephalitis 
which  is  thus  produced  is  characterized  by  changes  that  are  certainly  inflammatory  and  others 
that  are  degenerative.  In  the  pia  mater  and  its  prolongations,  which  accompany  the  blood 
vessels  into  the  brain,  considerable  numbers  of  leukocytes  collect,  filling  and  distending  the 
lymphatic  spaces.  Occasional  leukocytes  penetrate  into  the  deeper  part  of  the  nervous 
tissue,  but  nearly  always  in  the  neighborhood  of  blood  vessels.  This  tendency  for  the 
leukocytic  infiltration  to  occur  along  the  blood  vessels  and  where  the  pial  areolar  tissue  pene- 
trates the  brain  Has  caused  some  writers  to  describe  the  condition  as  interstitial  encephalitis. 
The  brain-substance  itself  does  not  yield  to  the  ready  infiltration  of  leukocytes,  but  shows  the 
effect  of  the  inflammatory  process  by  degenerative  changes  consisting  of  the  disappearance  of 
the  cells  of  the  pyramidal  layers,  the  softening  and  reticulation  of  the  tissue,  the  presence 
of  compound  granule  cells,  etc. 

3.  Hematogenic  Focal  Encephalitis. — -This  is  probably  the  most  frequent  form  of  inflam- 
mation of  the  brain.  It  occurs  in  various  infectious  diseases,  presumably  froni  distribution  of 
the  specific  micro-organisms  through  the  circulation.  It  is  not  infrequent  in  pyemia,  sep- 
ticemia, acute  rheumatism,  typhoid  fever,  endocarditis,  influenza,  diphtheria,  epidemic  cerebro- 
spinal meningitis,  and  scarlatina.  It  is  sometimes  seen  in  hydrophobia.  The  lesions  may  be 
very  small,  so  as  to  be  apparent  only  upon  microscopic  examination,  or  may  be  large  enough 
to  be  distinctly  visible  to  the  naked  eye.  The  larger  superficial  encephalitic  areas  usually 
project  slightly  above  the  surface  of  the  organ,  or  when  deep,  are  convex  upon  section,  show- 
ing an  increased  condensation  of  tissue  in  the  diseased  area.  There  is  also  an  alteration  of 
color,  the  diseased  tissue  usually  being  bright  red  and  almost  hemorrhagic  in  appearance. 

When  fexamined  microscopically,  it  is  found  that  the  blood  vessels  throughout  the  diseased 
area  are  distended,  and  interstitial  hemorrhagic  extravasations  are  frequent.  The  perivascular 
lymphatic  vessels  are  full  of  outwandered  leukocytes,  and  here  and  there  are  larger  cells 
probably  of  endothelial  origin.  The  nervous  substance  undergoes  a  rather  rapid  softening  or 
degeneration.  The  ganglion-cells  are  destroyed,  undergoing  complete  dissolution  after  a 
varying  length  of  time  ;  the  fibers  lose  their  myelin  sheaths,  which  break  up  into  myelin  drops; 
the  axis-cylinders  become  nodose,  swell  up,  and  undergo  granular  disintegration ;  the  neu- 
roglia-cells  may  degenerate,  but  often  proliferate,  especially  at  the  edges  of  the  diseased  area 
and  when  the  lesion  is  of  some  duration.  There  are  usually  compound  granule-cells  in  abun- 
dance.    Corpora  amylacea  may  be  found. 

These  areas  usually  progress  to  the  stage  of  complete  degeneration  of  the  nervous  tissue 
in  their  circumference,  after  which  regeneration  begins  and  slowly  advances,  with  the  ultimate 
formation  of  a  scar  of  neuroglia  fibers.  Some  few  cases  terminate  by  early  resolution. 
Probably  a  majority  of  the  cases  with  numerous  or  considerable  sized  lesions  are  fatal. 

If  the  patient  lives,  it  is  not  infrequent  that  the  encephalitic  areas  go  on  to  suppuration. 

4.  Suppurative  Encephalitis. — This  results  from  the  operation  of  bacteria  upon  the 
nervous  tissue.  The  bacteria  most  frequently  found  are  the  pneumococci,  streptococci,  and 
staphylococci.  The  micro-organisms  may  reach  the  brain  via  the  circulating  blood,  or  may 
enter  it  from  diseased  bones,  especially  the  temporal  bone  in  suppurative  diseases  of  the  ear. 
The  outcome  of  the  process  is  the  formation  of  a  true  abscess,  with  all  the  characteristics  of 
abscesses  of  other  organs.  There  may  be  a  single  abscess  or  there  may  be  several,  depending 
upon  the  means  by  which  the  bacteria  effected  their  entrance  into  the  tissue.  In  hematogen- 
ous abscesses  there  are  likely  to  be  a  number  of  abscesses;  in  direct  extension,  a  single 
abscess. 

The  abscess  may  be  as  large  as  a  hen's  egg.  Rarely  such  abscesses  have  been  known  to 
destroy  nearly  all  the  tissue  of  a  hemisphere  of  the  brain.  As  much  as  400  c.c.  of  pus  has 
formed  in  a  single  abscess  of  the  brain.  The  abscess  probably  originates  from  a  perivascular 
collectioii  of  cells  which  represents  the  focus  of  the  inflammation.  These  cells  receive  con- 
tinual reinforcements,  and  the  collection  increases  in  size.  The  surrounding  nervous  tissue 
readily  degenerates  as  the  abscess  impinges  upon  it,  and  thus  makes  room  for  its  growth.  The 
contents  of  the  abscess  are  usually  creamy  pus  mixed  with  the  debris  of  the  nervous  disin- 
tegration. When  the  activity  of  the  inflammation  subsides  and  the  abscess  ceases  to  increase 
in  size,  there  forms  about  it  a  distinct  wall  of  proliferated  neurogliar  fibers  and  cells.  Whether 
or  not  the  abscesses  ever  absorb  or  calcify  is  uncertain.  Secondary  degenerations  commonly 
follow  abscess  formation  with  destruction  of  nerve-fibers. 

The  abscesses  are  most  frequent  in  the  cerebrum,  about  two-thirds  of  the  cases  occurring 
there.  Most  of  the  other  cases  affect  the  cerebellum,  abscesses  being  rare  in  the  pons  and 
medulla.  The  size  varies  from  a  pin-head  to  an  egg.  The  average  size  is  about  that  of  a  wal- 
nut or  hen's  &%%. 

Occasionally  the  abscesses  rupture  upon  the  surface  of  the  brain,  with  resulting  suppurative 
leptomenmgitis ;  sometimes  they  rupture  into  the  ventricles  of  the  brain  and  excite  violent 
inflammatory  reaction. 

Very  small  abscesses  sometimes  resorb  and  heal,  with  the  formation  of  fibrous  scars 
Large  abscesses  may  go  on  to  a  fatal  termination.  After  the  acme  of  their  growth  has  been 
passed  they  often  remain  latent  for  many  years  and  call  attention  to  themselves,  chiefly 
through  secondary  degenerations. 

The  brain  tissue  surrounding  the  abscess  is  usually  edematous  and  softened.  It  may  also 
be  hyperemic.  .  ' 
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Toxic  Encephalitis. — In  many  of  the  infectious  diseases  and  in  various 
intoxications  certain  substances  brought  by  the  circulating  blood  act  injuri- 
ously upon  the  nerve-cells,  so  as  to  bring  about  changes  too  fine  in  their 
nature  to  be  discoverable  without  the  use  of  the  microscope  and  the  most 
perfectly  adapted  methods  of  staining  and  examination.  For  want  of  a 
better  heading  under  which  to  speak  of  them  they  are  here  grouped  as  toxic 
lesions.  Such  changes  are  seen  in  diphtheria,  tetanus,  lead-poisoning,  and 
to  a  less  marked  degree  in  alcoholism.  The  chief  changes  take  place  in 
the  nerve-cells  of  both. brain  and  spinal  cord,  and  naturally  vary  somewhat 
according  to  the  structure  and  complexity  of  the  cells. 

1.  Changes  in  the  Conflguratlon  of  the  Cell.— The  normal  ganglionic  nerve-cell  is 
irregular  in  shape  and  presents  a  variable  number  of  rather  short,  thick  processes,  which 
branch  rapidly  until  they  form  thickets  o'f  delicate  branches  (dendrom).  From  these  branches 
there  project  in  all  directions  minute,  bristle-like,  short  offshoots  termed  gemmules.  One 
of  the  cellular  offshoots  does  not  divide  and  is  of  uniform  width.  This  is  the  neuraxon, 
or  axis-cylinder  process.  At  regular  intervals  along  its  course  there  are  long,  delicate, 
transverse  offshoots,  known  as  collaterals.  The  dendrons,  gemmules,  and  collaterals  can 
be  properly  studied  only  by  the  silver  staining  process  of  Golgi.  In  the  toxic  and  infec- 
tious disorders  under  consideration  the  gemmules  first  disappear,  next  the  dendrons  become 
less  numerous,  short,  and  thick,  and  may  disappear,  leaving  only  a  few  branched  twigs  where 
a  thicket  should  have  existed.  The  collaterals  of  the  neuraxon  may  be  reduced  in  number  or 
lost,  and  the  axis-cylinder  itself  may  present  nodosities  and  varicosities  along  its  length. 

2.  Changes  in  the  Protoplasm  of  the  Cell. — {a)  Vacuolation. — The  occurrence  of  a  few 
vacuoles  in  the  protoplasm  of  the  nerve-cells  may  not  necessarily  indicate  disease.  In  the 
conditions  under  consideration,  however,  vacuolation  is  frequent  and  may  exist  to  an  extreme 
degree.  The  vacuoles  may  be  of  immense  size,  and  be  filled  with  liquid  in  which  filaments 
of  fibrin  (?)  may  be  observed. 

The  vacuoles  may  not  only  be  large,  but  may  also  be  very  numerous  and  of  various  sizes. 
What  the  vacuoles  contain  is  a  matter  of  some  doubt.  Some  regard  them  as  composed  of 
lymph  assumed  by  the  cell,  others  as  evidences  of  necrosis. 

Sometimes  a  form  of  cellular  degeneration,  looked  upon  by  von  Recklinghausen  as  colloid, 
takes  place  and  gives  the  cell  the  appearance  of  containing  vacuoles. 

{h)  Pigmentation  of  the  Cytoplasm. — Degenerative  changes  of  the  cytoplasm  are  very  com- 
monly associated  with  the  occurrence  of  pigmentary  changes.  The  cells  contain  scattered 
vellowish-brown  granules  which  are  of  small  size,  but  which  may  collect  to  form  masses  rep- 
resenting the  cells  when  their  destruction  is  complete.  The  formation  of  these  pigment-gran- 
ules occurs  hand  in  hand  with  the  destruction  of  the  chromatophilic  bodies  of  the  cell. 

Pigmentary  changes  are  usual  in  senility,  but  may  be  expected  in  all  the  cellular  degenera- 
tions. .  .  ,    i_         T.T-       II  1_      J 

(c)  Changes  in  the  Chromatophilic  Bodies.— When  the  tissue  is  stamed  by  Nissl  s  method 
or  any  modification  of  it,  the  normal  ganglionic  cells  are  found  to  contam  a  good  many  chro- 
matophylic  granules— coarse,  rather  elongate  or  spindle-shaped  granules,  with  a  decided 
affinity  for  the  stain.  These  granules  usually  have  a  concentric  arrangement  about  the  nucleus, 
but  in  the  outer  rows  they  sometimes  change  their  positions  when  in  relation  to  the  processes 
of  the  cell  toward  which  they  are  deflected  and  into  which  they  sometimes  extend.  The  nature 
and  function  of  these  bodies  are  unknown.  Between  them  the  cytoplasm  is  transparent  and 
clean  When  the  cells  are  acted  upon  by  any  injurious  agent,  one  of  the  first  changes 
observed  takes  places  in  the  chromatophilic  granules,  the  normal  relations  of  which  are  dis- 
turbed so  that  they  become  irregularly  scattered  throughout  the  protoplasm  of  the  cell.  They 
diminish  in  size  and  in  number,  and  may  disappear  from  the  cell  altogether.  They  sometimes 
appear  to  be  enlarged,  and  mass  themselves  together  irregularly.  Sometimes  the  granules 
dissolve  in  the  cytoplasm  and  impart  to  it  a  peculiar  staining  quality  by  which  the  whole  cell 
stains  diffusely  and  deeply  (fyknomorphous  condition).  ,         .  ,  .         , 

(d\  Nuclear  Degeneration.— The  nucleus  may  show  the  first  signs  of  retrogressive  change. 
It  may  become  vacuolated,  or  may  be  paler  than  normal.  Sometimes  its  sharpness  of  outline 
entirely  disappears  and  it  becomes  indefinite  or  spinous.  The  excessive  vacuolation  that 
sometimes  occurs  has  been  compared  to  the  morula  stage  of  the  segmentation  of  the  ovum. 

The  staining  quality  of  the  nucleus  next  alters.  Instead  of  the  sharp,  clear  chromatic 
threads,  indefinite  accumulations  are  found  lying  well  toward  the  periphery  of  the  organ. 
Vacuoles  form  in  the  nucleus  in  the  last  stages  of  its  existence. 

Not  only  does  the  nucleus  degenerate,  but  it  also  becomes  dislocated  in  degenerated  cells. 
Instead  of  a  nearly  central  position  in  the  cell,  it  is  peripheral,  and  may  cause  bulging  of  the 
cell  surface  It  is  even  claimed  bv  some  observers  that  the  nucleus  may  escape  from  the 
cell  The  dislocation  of  the  nucleus  is  thought  to  depend  upon  the  occurrence  of  large 
vacuoles  in  the  protoplasm,  which  crowd  it  out.  Ultimately  the  karyolysis  goes  on  to  the 
complete  destruction  and  disappearance  of  the  nucleus. 
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Chronic  encephalitis  or  sclerosis  is  seen  in  all  cases  of  injury  to  the 
brain  followed  by  recovery.  It  occurs  after  traumatic  lesions,  after  focal 
necrosis,  after  hemorrhage,  after  abscess,  and  in  the  chronic  specific  inflam- 
mations. Sometimes  it  occurs  as  an  independent  idiopathic  affection.  When 
disseminated  patches  of  sclerosis  are  found  in  the  brain,  it  is  difficult  to 
determine  whether  they  originated  as  such  or  had  their  inception  in  inflam- 
matory or  infectious  lesions,  followed  by  organization  and  sclerosis. 

Multiple  Localized  Sclerosis. — This  condition  is  analogous  to  the  multiple  sclerosis  of  the 
spinal  cord,  and  is  characterized  by  the  formation  of  irregularly  scattered  foci  in  which  signs 
of  degeneration,  with  subsequent  neurogliar  hyperplasia,  appear.  The  softening  may  precede 
or  accompany  the  sclerosis.  The  different  lesions  may  be  of  various  ages.  They  occur  in 
both  the  gray  and  the  white  substance,  and  may  be  few  or  many.  They  vary  greatly  in  size, 
and  are  irregular  in  shape,  though  sharply  defined. 

When  superficial,  they  may  be  recognized  by  the  naked  eye  as  areas  of  a  grayish  or  pink- 
ish color.  To  the  touch  they  are  slightly  indurated.  Upon  microscopic  examination  one 
finds  that  the  nerve-cells  show  signs  of  retrogressive  changes,  from  the  inildest  variation  from 
the  normal  to  complete  dissolution.  The  nerve-fibers  lose  their  myelin  sheaths  and  become 
bulbous  or  are  destroyed.  Myelin  drops,  compound  granule  cells,  free  fat  molecules,  occa- 
sional leukocytes,  corpora  amylacea,  and  unrecognizable  molecular  matter  are  present.  The 
sclerotic  changes  consist  in  the  formation  of  hyperplastic  coarse  neurogliar  fibers  and  numer- 
ous cells.  Occasionally  nerve-fibers  without  signs  of  degeneration  pass  through  the  lesion. 
These  are  thought  by  some  to  be  regenerated Jibers. 

Diffuse  Sclerosis. — This  differs  from  the  multiple  scleroses  in  that  it  affects  wide-spread 
areas  of  the  brain-substance.  It  probably  does  not  often  result  from  toxic  or  inflammatory 
conditions,  but  bears  some  relation  to  the  development  of  the  brain  tissues.  The  lesion  may 
be  general  and  lead  to  an  apparent  hypertrophy  of  the  brain  in  children.  It  is  more  frequently 
rather  circumscribed,  and  may  be  with  difficulty  differentiated  from  glioma.  In  the  course  of 
time  the  apparently  hypertrophied  tissue  becomes  smaller  through  atrophy  of  the  nervous 
elements,  and  the  sclerosis  is  more  apparent  in  consequence. 

The  diffuse  sclerosis  is  apt  to  affect  lobes  of  the  brain  or  groups  of  convolutions  in  the 
distribution  of  a  certain  blood  vessel.  It  is  usual  for  it  to  result  in  atrophy.  The  con- 
volutions appear  to  be  reduced  in  size,  and  the  fissures  broader.  The  pia  is  usually  adherent, 
and  the  tissue  indurated  and  almost  cartilaginous. 

The  microscopic  features  are  loss  of  nervous  substance  with  marked  proliferation  of  the 
neurogliar  tissue. 

The  cause  of  the  trouble  is  obscure.  Its  relation  to  the  blood  vessels  suggests  that  during 
embryonal  development  vascular  disturbances  or  irregularities  have  occurred.  In  this  form 
of  sclerosis  there  are  always  marked  degenerations. 

Tuberculosis  of  the  brain  may  be  primary  and  hematogenic,  or 
secondary  and  lymphogenic  in  origin.  The  secondary  cases,  for  the  most 
part,  succeed  tuberculosis  of  the  membranes. 

Most  tuberculous  lesions  of  the  brain  begin  in  the  pia  and  its  vessels  and 
extend  to  the  brain  tissue.  In  nearly  all  well-marked  cases  of  tuberculous 
meningitis  the  brain  substance  is  involved  in  this  way,  the  tubercles  being 
distributed  along  the  perivascular  tissues.  Even  in  cases  of  primary  tuber- 
culosis of  the  brain  substance  the  extension  of  the  disease  seems  to  select  by 
preference  the  superficial  portions  of  the  organ  and  extend  along  the  peri- 
vascular connective  tissue.  Miliary  tubercles  are  frequent  upon  the  small 
vessels  of  the  anterior  and  posterior  perforated  spaces. 

Primary  tubercles  of  the  brain  are  usually  single.  Their  distribution  is 
irregular  and  they  remain  local,  gradually  increasing  until  large,  cheesy 
masses,  which  sometimes  become  as  large  as  a  goose-egg,  are  formed.  The 
masses  are  usually  of  dense  structure,  yellowish-white  in  color,  and  are  sur- 
rounded by  a  granulation -tissue  zone.  Sometimes  the  tubercles  calcify, 
sometimes  they  soften  and  contain  greenish-yellow,  puriform  matter.  The 
masses,  when  large,  are  spoken  of  as  tyromata.  They  are  composed  of  aggre- 
gations of  tubercles  which  continually  grow  by  the  addition  of  fresh  tuber- 
cles from  the  granulation-tissue  zone  that  is  constantly  being  newly  infected 
so  long  as  the  mass  is  active  in  its  growth. 

Syphilis  of  the  Brain.— The  chief  syphilitic  lesion  is  the  gumma, 
which  usually  springs  from  the  pia  and  extends  to  the  brain.     The  gumma 
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appears  as  a  grayish  or  reddish-gray,  irregularly  shaped,  translucent  mass. 
It  rapidly  undergoes  coagulation  necrosis  and  softens  or  caseates.  When 
recovery  occurs,  it  is  with  the  formation  of  dense  cicatrices. 

Syphilitic  endarteritis  is  very  frequent  in  the  blood  vessels  of  the  brain. 
The  circulatory  obstruction  to  which  it  leads  is  a  frequent  cause  of  local 
softening — syphilitic  encephalitis. 

Actinomycosis  of  the  brain  is  rare,  but  may  occur  in  infection  of 
the  tissues  of  the  neck  and  throat,  permitting  the  entrance  of  the  micro- 
organism into  some  of  the  openings  of  the  skull.  The  pia  is  usually  the 
seat  of  a  purulent  leptomeningitis,  with  minute  nodules  of  granulation  tissue 
which  sometimes  extend  into  the  brain  substance.  Primary  actinomycotic 
nodules  of  considerable  size  are  rarely  observed. 

Tumors  of  the  Brain. — Qlioma.— Glioma  is  the  most  frequent  tumor 
of  the  nervous  tissue.  It  is  most  commonly  seen  in  the  cerebral  hemis- 
pheres, but  occurs  also  in  the  cerebellum,  upon  the  pons,  in  the  medulla, 
and  in  the  spinal  cord.  It  may  also  occur  in  the  eye  and  in  the  various 
nervous  ganglia. 

Glioma  of  the  brain  is  said  by  Stroebe  never  to  spring  from  or  invade 
the  pia  mater.  Ziegler,  however,  states  that  when  it  extends  to  the  pia, 
it  sometimes  induces  connective-tissue  proliferation.  The  tumor  usually 
produces  no  visible  external  alteration  unless  it  occurs  in  the  medulla 
or  pons,  which  may  be  enlarged  by  its  presence.  In  the  cerebrum  its 
presence  is  not  indicated  by  any  change  of  external  appearance.  The  pia 
over  the  seat  of  tumor  is  also  very  rarely  altered  in  appearance  or  quality. 
Upon  section  of  the  brain,  however,  the  glioma  appears  as  a  red,  reddish- 
gray,  grayish,  or  yellowish  area,  which  infiltrates  in  all  directions  and  gradu- 
ally fades  away  into  the  surrounding  healthy  tissue  at  its  borders.  Its 
substance  is  usually  firm,  but  may  be  soft  if  myxomatous  degeneration  is 
present ;  or  may  be  telangiectatic,  cavernous,  or  cystic,  the  cysts  resulting 
from  softening.  When  vascular,  it  is  red  proportionately  to  the  vessels  it 
contains.  Hemorrhagic  areas  appear  dark  red  in  color.  The  tumor  arises 
from  the  neurogliar  tissue  and  grows  by  infiltration.  At  its  oldest,  most 
central  part  no  nerve  tissue  is  present,  while  at  its  infiltrating  edges  there  is 
a  free  admixture  of  neuroglia  and  nerve  tissue. 

Microscopically  the  glioma  consists  of  neuroglia  cells  with  their  inter- 
lacing protoplasmic  offshoots  which  make  up  the  matrix  of  the  growth. 
There  are  usually  many  blood  vessels  and  capillaries.  An  occasional  medul- 
lated  nerve-fiber  is  found  in  the  tumor,  especially  at  the  edges.  In  some 
gliomata  are  to  be  found  groups  of  ganglionic  nerve-cells  or  scattered  gan- 
glionic cells  with  branched  processes  and  sometimes  two  or  even  more  nuclei. 
Gliomata  of  this  structure  are  sometimes  called  ganglionar  neurogliomata. 
They  are  supposed  by  Ziegler  to  depend  upon  accidents  of  embryonal  de- 
velopment. They  may  present  the  usual  uncircumscribed  appearance  or 
may  be  more  distinctly  nodular.  The  color  may  be  homogeneously  white, 
grayish  white,  or  mixed  white  and  gray.  The  tumor  is  less  likely  to  be 
vascular  and  red  than  the  glioma  itself. 

In  glioma  the  blood  vessels  very  frequently  show  hyaline  thickenings  and 
sometimes  present  fibrous  enlargement  of  the  adventitia.  The  preexistent 
nerve-cells 'and  fibers  of  the  invaded  areas  degenerate  and  disappear,  some- 
times, however,  being  retained  for  a  long  time. 

Some  gliomata  present  a  sarcomatous  appearance  and  are  described  as 
gliosarcoma.  Presuming  that  glia  is  of  epiblastic  origin,  it  is  difficult  to 
conceive  of  such  a  combination.  If  by  the  term  be  meant  that  the  glioma 
has  an  unusually  rapid  infiltrating  nature,  it  would  be  better  to  adopt  the 
term  suggested  by  Ziegler  and  call  it  medullary  glioma.     A  true  gliosar- 
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coma  could  result  only  from  the  growth  within  a  glioma  of  cells  derived 
from  the  perivascular  connective  tissue.     This  must  be  very  rare. 

Sarcoma  of  the  brain  is  not  uncommon.  It  usually  arises  from  the  pia 
mater  or  from  the  connective  tissue  of  the  vascular  sheaths,  and  forms  dis- 
tinct nodes  which  are  rather  sharply  circumscribed  and  not  infrequently 
encapsulated.  A  surrounding  zone  of  edematous  and  softened  brain  tissue 
makes  it  very  easy  to  remove  them  from  their  nidus.  They  cause  extensive 
secondary  degenerations.  When  large,  they  may  project  slightly  from  the 
surface  of  the  brain  and  sometimes  present  umbilications.  The  pia  is  nearly 
always  involved  or  invaded. 

The  small  round- cell  sarcoma  is  the  most  frequent  form,  though  spindle- 
cell  and  irregular-cell  sarcomata  also' occur.     Giant-cells  are  not  uncommon 


Fig.  309. — Angiosarcoma  of  the  pituitary  body. 


in  sarcoma  of  the  brain.  The  tumors  are  frequently  divided  by  fibrous 
partitions  and  may  be  alveolar.  Angiosarcoma  is  common,  and  the  form 
known  as  perithelioma  or  myxangiosarcoma  tubulare  is  of  frequent  occur- 
rence. 

On  section,  the  tumors  are  somewhat  yellowish  or  grayish  in  color,  and 
may  be  mottled  by  hemorrhages.  The  sarcoma  is  a  tumor  of  childhood  or 
early  adult  life,  and  is  more  common  in  the  cerebral  cortex  than  elsewhere. 
Calcification  in  sarcoma  of  the  brain  probably  causes  the  formation  of  psam- 
moma  or  psammosarcoma. 

Endothelioma  in  the  brain  sometimes  develops  from  the  pia,  sometimes 
from  the  choroid  plexuses. 

Psammoma  is  most  frequently  found  in  connection  with  the  choroid 
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plexuses  and  the  membranes  of  the  brain.  They  are  usually  small,  rarely 
larger  than  a  cherry,  and  gritty  and  rough  on  section. 

,  Fibroma  of  the  brain  grows  from  the  membranes  and  from  the  perivas- 
cular connective  tissue,  and  is  of  rare  occurrence.  It  is  usually  seen  in  the 
hemispheres.     It  may  be  hard  and  fibrous. 

Angioma  of  the  brain  is  a  rare,  usually  congenital  tumor.  It  resembles 
somewhat  an  acute  inflammatory  area,  appearing  like  diffuse  red  blushes. 
Sometimes,  when  cavernous,  the  color  is  dark  red  or  purplish.  These  tumors 
consist  of  groups  of  telangiectatic  blood  vessels  which  have  induced  soften- 
ing of  the  surrounding  brain  tissue  as  they  enlarge,  or  if  congenital,  have 
caused  atrophy  of  the  brain  tissue. 

Lymphangioma  is  also  rare  and  originates  chiefly  from  the  pia. 

Lipoma  of  the  central  nervous  system  is  very  rare  and  probably  always 
indicates  a  developmental  defect.     It  is  usually  found  where  such  defects  are 


Fig.  310. — Secondary  carcinoma  of  the  cerebnim.    The  organ  is  cut  transversely  and 
vertically  through  the  optic  thalamus :  a  and  b.  Tumor  masses ;  c,  optic  thalamus, 

likely  to  occur — that  is,  in  the  neighborhood  of  the  hypophysis  cerebri  and 
Cauda  equina. 

Osteoma  in  the  brain  may  originate  from  the  bones  or  from  the  mem- 
branes, osteophytes  of  the  falx  cerebri  being  frequent. 

Secondary  tumors  of  the  brain,  both  sarcoma  and  carcinoma,  are  of  em- 
bolic origin  and  are  not  infrequent. 

Parasites  of  the  brain  are  rare.  The  echinococcus  cysts  and  the  Cysti- 
cercus  cellulosae  have  occasionally  been  observed. 
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This  little  body  projects  into  the  transverse  fissure  of  the  brain  and  is  in  relation  with  the 
corpora  quadrigemina.  It  is,  however,  entirely  surrounded  by  pia  mater.  It  develops  from 
the  anterior  cerebral  vesicle,  projecting  from  its  roof  at  the  extreme  posterior  portion. 

The   organ    consists   chiefly   of  connective  tissue  with  closely  approxi; 

mated   rounded  spaces  of  small  size,  occupied  by  epithelial  cells,  some  of 

which   are   round,  some  elongate,  and  provided  with  projecting  processes. 

It  is  rich  in  vessels   contains  some  nerve-fibers,  probably  belonging  to  the 
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sympathetic  system,  and  always  contains  peculiar  concentric  mineral  parti- 
cles of  acervulin,  or  brain-sand. 

When  the  brain-sand  increases  beyond  the  normal,  the  pineal  gland  en- 
larges and  is  sometimes  transformed  into  a  psammoma.  This  name  should, 
of  course,  be  restricted  to  a  tumor  in  the  gland. 

Diseased  conditions  of  the  pineal  gland  are  rare.  The  organ  sometimes 
appears  congested,  may  be  cystic,  and  is  said  to  have  contained  adenomatous 
(?)  growths.  Sarcoma  of  the  pineal  gland  has  been  observed.  The  blood 
vessels  are  not  infrequently  hyaline. 


THE  PERIPHERAL  NERVES. 

Anemia  of  a  nerve-trunk  could  scarcely  be  recognized,  as  the  nerves 
normally  appear  bloodless  and  white. 

Hyperemia  of  the  nerves  is  common,  and  can  be  recognized  by  redness 
and  infection  of  the  tissue  and  by  .swelling.  Hyperemia  is  seen  in  traumatic, 
toxic,  and  infectious  conditions. 

Hemorrhages  into  the  nerves  are  occasionally  seen,  usually  in  the  form 
of  minute,  punctate  extravasations  in  the  endoneurium  and  perineurium. 
They  occur  in  traumatism  and  infection. 

Edema  is  rarely  observed  in  the  nerves.     It  occurs  in  inflammation. 

Atrophy  of  the  peripheral  nerves  results  from  pressure,  as  when  neo- 
plasms, etc.,  are  in  contact  with  and  compress  them.  It  may  also  result 
from  inflammation  and  from  loss  of  either  the  central  connection  or  peri- 
pheral terminations,  both  of  which  conditions,  by  preventing  the  exercise 
of  function,  lead  to  atrophy.     Atrophy  may  also  be  of  senile  origin. 

The  atrophy  may  occur  very  gradually,  with  loss  of  the  myelin-sheaths 
and  subsequently  of  the  axis-cylinders,  or  may  be  a  more  rapid  degenerative 
change,  accompanied  by  fatty  metamorphosis  and  later  absorption  of  the 
myelin-sheaths.  Amyloid  bodies  are  of  frequent  occurrence  in  the  diseased 
nerves.  Birch-Hirschfeld  points  out  that  if  the  nerve  be  not  universally 
affected  by  the  retrogressive  change,  the  atrophic  fibers  are  invariably  situ- 
ated at  the  periphery,  leaving  the  center  of  the  nerve  normal. 

Degeneration  of  the  nerves,  like  degenerations  of  the  brain  and  spinal 
cord,  cannot  be  sharply  differentiated  from  inflammation,  for  degeneration 
always  follows  inflammation,  and  inflammatory  changes  not  infrequently 
succeed  degenerative  ones.  Cases  of  degeneration  which  are  certainly  not 
of  inflammatory  origin  are  called  simple  degenerations ;  others,  inflammatory 
degenerations.  The  inflammatory  degenerations  are  also  described  ^s>  paren- 
chymatous neuritis,  in  contradistinction  to  interstitial  neuritis,  which  affects 
the  endoneurium  and  perineurium. 

Etiology. — ^Degeneration  of  the  nerves  results  from  mechanical  trauma, 
such  as  section,  crushing,  laceration,  compression,  diseases  of  the  central 
nervous  system  with  descending  degeneration,  poliomyelitis  anterior  acuta, 
and  other  conditions  which  sever  the  continuity  of  conduction  from  the 
ganglion  cell  to  its  ultimate  termination. 

Degeneration  of  the  nerves  also  results  from  the  infectious  diseases,  such 
as  syphilis,  beri-beri,  typhoid,  typhus,  variola,  diphtheria,  scarlatina,  influ- 
enza, etc.  ;  from  intoxications  of  various  kinds,  as  alcohol,  lead,  mercury, 
etc.  ;  and  from  circulatory  irregularities,  such  as  anemia. 

The  infectious  and  toxic  substances  usually  operate  upon  the  nerves 
generally,  though  some  of  them  are  selective  and  chiefly  affect  nerves  con- 
tiguous to  the  local  lesion,  as  in  diphtheria,  when  the  pharynx  is  likely  to 
be  most  affected,  or  certain  sets  of  nerves,  as  in  lead-poisoning,  in  which 
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the  nerves  supplying  the  extensor  muscles  of  the  forearm  suffer  most. 
Syphilitic  nerve  degeneration  is  probably  best  illustrated  in  tabes  dorsalis. 

The  morbid  changes  come  on  very  rapidly  in  acute  cases,  and  in  experi- 
mental conditions,  in  which  the  nerves  are  intentionally  disturbed,  the  earliest 
changes  may  be  observed  on  the  first  day.  The  myelin-sheaths  are  observed 
to  be  clouded  in  appearance,  and  the  formation  of  blocks  or  drops  of  myelin 
substance  begins.  A  few  days  subsequently  large  myelin  drops  are  formed, 
fatty  degeneration  is  in  progress,  and  leukocytes  are  busy  carrying  away  the 
fatty  molecules.  The  axis-cylinders  retain  their  vitality  much  longer  than 
other  parts  of  the  nerve,  but  later  become  vacuolated  and  seem  to  crumble 
away.  In  severed  nerves  the  degeneration  is  more  rapid  and  more  complete 
in  the  distal  than  in  the  proximal  end.  In  the  latter,  the  degeneration 
usually  ascends  to  about  the  first  node  of  Ranvier,  where  it  ceases,  or  beyond 
which  it  does  not  pass  for  a  long  time.  A  few  fibers  of  the  nerve  may  de- 
generate all  the  way  to  the  spinal  cord. 

Neuritis. — True  inflammatory  disturbances  occur  in  the  nerves  as  a 
result  of  traumatic  injuries,  such  as  laceration  or  crushing.  They  may 
also  develop  in  consequence  of  hematogenous  influences,  such  as  intoxica- 
tion by  lead  ;  or  of  infection,  as  in  rheumatism,  beri-beri,  etc.  The  lesion 
can  sometimes  be  recognized  by  the  naked  eye,  as  the  nerve  may  be  pink- 
ish, swollen,  edematous,  hyperemic,  injected,  and  showing  hemorrhagic 
areas  or  foci  of  suppuration.  Acute  neuritis  may  also  occur  from  the  ex- 
tension of  inflammation  from  the  surrounding  tissues  to  the  nerve. 

The  condition  is  essentially  interstitial,  and  the  chief  changes  are  ob- 
served in  the  endoneurium  and  perineurium,  in  which  the  exudates  are  col- 
lected. The  disease  rarely  progresses  very  far  before  the  nerve-fibers  undergo 
degeneration,  with  the  usual  characteristic  appearances. 

Microscopically,  the  connective  tissue  of  the  nerve  presents  the  signs  of 
inflammatory  edema  and  congestion,  with  extensive  round-cell  infiltration 
and  nerve-fiber  degeneration.  When  the  activity  of  the  inflammation  causes 
actual  suppuration,  the  condition  is  sometimes  described  as  suppurative 
neuritis.  It  is  usually  secondary  to  other  serious  pyogenic  infection. 
Neuritis,  according  to  its  origin,  may  affect  a  single  nerve  or  a  number  of 
them.     In  the  latter  case  it  is  sometimes  called  polyneuritis. 

Chronic  neuritis  is  always  interstitial,  and  may  follow  the  acute  form. 
It  is  characterized  by  a  cicatricial  hyperplasia  of  the  connective  tissue  of  the 
nerve,  leading  to  gradual  atrophy  of  the  nerve-fibers.  It  is  often  called 
(after  Dej^rine)  chronic  hypertrophic  neuritis  or  proliferative  neuritis,  in  con- 
sequence of  the  new  formation  of  connective  tissue.  It  leads  to  complete 
disappearance  of  the  nerve-fibers. 

When  the  tissue  is  examined  microscopically,  the  hyperplastic  connective 
tissue  is  rather  striking.  It  is  rich  in  nuclei,  and  contains  a  good  many 
small  round-cells.  Chronic  interstitial  neuritis  is  a  possible  cause  of  the 
progressive  muscular  atrophy. 

Not  infrequently  the  changes  in  the  nerves  are  accompanied  by  or  asso- 
ciated with  ascending  degeneration  in  the  posterior  columns  of  the  cord, 
and  sometimes  with  alterations  in  the  ganglionic  cells  of  the  gray  matter  of 
the  cord. 

Tuberculosis  of  the  nerves  is  probably  always  secondary,  and  de- 
pends upon  the  extension  to  the  nerves  of  tuberculous  disease  in  the  mem- 
branes of  the  brain  and  spinal  cord,  from  the  bones,  or  from  tuberculous 
lymphatic  glands.  The  process  is  an  interstitial  inflammatory  one,  and  leads  to 
the  formation  of  tuberculous  granulation  tissue  in  the  connective  tissue  of  the 
nerve,  and  later  to  the  formation  of  cheesy  masses.  Secondary  degenerations 
occur  in  the  nerve,  and  remote  effects  may  be  observed  in  its  distribution. 
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Syphilis  of  the  nerves  usually  follows  syphilitic  disease  of  the  mem- 
branes of  the  brain  and  cord,  and  exerts  its  effects  chiefly  upon  the  nerve- 
roots.  The  early  effects  observed  consist  of  a  marked  cellular  infiltration, 
which  later  gives  place  to  extensive  connective-tissue  proliferation,  succeeded 
by  atrophy,  degeneration,  palsy,  etc.  i 

Sometimes  syphilitic  diseases  of  the  arteries  of  the  nerves  obliterates  or 
partially  obstructs  them,  bringing  about  degenerative  changes  in  their  distri- 
bution and  leading  to  various  secondary  changes. 

Gumma  of  the  nerves  is  rare,  but  has  been  observed  in  the  cranial  nerves. 
Nerves  passing  through  gummata  are  destroyed. 

Leprosy  has  a  peculiar  form  known  as  lepra  nervorum,  in  which  lesions 
of  the  nerves  are  characteristic  and  constant,  and  lead  to  the  anesthetic 
changes  characteristic  of  the  disease.  The  lesions  depend  upon  the  devel- 
opment of  the  bacillary  nodes  in  the  nerve-fibers,  and  an  accompanying  cel- 
lular infiltration,  connective-tissue  induration,  and  subsequent  degeneration 
of  the  nerves,  with  connective- tissue  proliferations  in  the  form  of  spindle-like 
enlargements.  The  chief  characteristic  of  the  disease  is  the  presence  of  large 
numbers  of  lepra  bacilli,  which  can  be  observed  in  the  tissue — some  free  and 
some  in  the  cells. 

Tumors  of  the  Nerves. — Neuroma  (^.  v.")  is  the  most  frequent  tumor 
of  the  nerves.  False  neuroma  is  more  frequent  than  true  neuroma,  and  may 
result  from  the  growth  in  the  connective  tissue  of  the  nerve  of  what  would 
elsewhere  be  a  fibroma^  myxoma,  or  sarcoma.  Such  growths  usually  form 
small  rounded  tumors,  which  are  often  multiple. 

Th&plexiform  neuroma  consists  of  connective-tissue 'enlargements  that  are 
more  or  less  connected.  It  is  possible  that  in  these  tumors  some  newly 
formed  nerve-fibers  are  present. 

Amputation  neuromata  form  upon  the  ends  of  severed  nerves,  probably 
because  of  regenerative  efforts,  and  consist  of  newly  formed  fibers  with  and 
without  myelin-sheaths. 

Neurofibroma  is  a  tumor  thought  to  develop  from  a  combined  outgrowth 
of  the  endoneurium  and  perineurium  and  the  nerve-fibers. 

Sarcoma  of  the  nerves,  sometimes  called  malignant  neuroma  or  neuro- 
sarcoma, is  of  rare  occurrence.  It  probably  develops  from  the  connective 
tissue  of  the  sheaths  of  the  nerves. 


CHAPTER    IX. 

DISEASES  OF  THE  REPRODUCTIVE  SYSTEM. 
DISEASES  OF  THE  MALE  ORGANS  OF  GE^fERATION. 

THE  PENIS. 

Congenital  Malformations  of  the  Penis. — Total  absence  of  the  penis  is  very  rare. 
Hypoplasia  of  the  penis  is  characterized  by  a  diminutive  size  of  the  organ,  more  closely  ap- 
proximating that  of  the  chtoris.  Double  penis  and  penes  with  double  canals,  one  urethral 
and  one  genital,  are  also  very  rare.  The  most  frequent  malformations  result  from  imperfect 
fusion  of  the  lateral  halves  and  produce  anterior  or  posterior  insufficiency  of  the  urethra.  The 
more  frequent  of  these  is  known  as  hypospadia,  and  is  characterized  by  division  of  the  urethra 
posteriorly,  sometimes  extending  as  far  back  as  the  root  of  the  penis,  sometimes  as  far  as  the 
perineum,  the  cleft  dividing  even  the  scrotum.  The  opposite  condition,  in  which  the  urethra  is 
not  closed  along  the  dorsum  of  the  penis,  is  known  as  epispadias.  It  is  not  uncommonly 
associated  with  extrophy  of  the  bladder  and  other  deformities. 

The  prepuce  is  commonly  abnormally  elongated  and  constricted  at  the  orifice,  so  that  its 
retraction  over  the  glans  penis  is  impossible.  This  is  described  as  phimosis.  Sometimes  the 
prepuce  is  very  small  or  is  not  infrequently  absent. 

Inflammation  of  the  penis  usually  afifects  the  glans  and  prepuce. 
Inflammation  of  the  glans  is  described  as  balanitis  ;  that  of  the  prepuce  as 
posthitis  ;  of  both  glans  and  prepuce  as  balanoposthitis.  These  inflammations 
result  from  traumatism  and  infection.  They  may  depend  upon  decomposi- 
tion of  smegma,  as  well  as  upon  the  retention  of  ammoniacal  urine  beneath 
the  prepuce  in  cases  of  phimosis.  In  rare  cases  of  phimosis  the  retention  of 
smegma,  salts  of  the  urine,  desquamated  epithelium,  etc.,  beneath  the  pre- 
puce may  cause  the  formation  of  concTe.\.\oT\s  ox  preputial  calculi.  The  most 
frequent  cause  of  these  inflammations  is  venereal  disease,  especially  gonor- 
rhea and  chancroid.  Mycotic  inflammations  are  occasionally  seen  beneath 
the  prepuce,  Friedreich"  having  observed  an  aspergillus  inflammation  in  this 
location. 

The  swelling  of  the  prepuce  in  posthitis  not  infrequently  produces  an 
inflammatory  phimosis  and  retraction  of  the  prepuce,  which,  when  swollen, 
is  sometimes  caught  behind  the  glans.  This  is  called  paraphimosis,  and  by 
tight  constriction  of  the  tissues  behind  the  glans  may  lead  to  serious  second- 
ary complications. 

Tramnatic  injuries  of  the  body  of  the  penis,  affecting  the  corpora  cavernosii,  are  not 
infrequent.  They  usually  cause  preputial  hemorrhage  and  heal  with  extensive  cicatrices. 
When  accidentally  infected,  suppuration  and  gangrene  may  occur. 

Calcification  of  the  tissue  of  the  corpus  cavernosum  sometimes  occurs.  It  may  lead  to 
true  bone-formation. 

Tuberculosis  of  the  penis  is  very  rare.  It  usually  affects  the  glans, 
and  is  characterized  by  the  formation  of  tubercles  and  ulcers,  with  cicatriza- 
tion and  necrosis.     Sometimes  the  lesions  resemble  those  of  lupus  vulgaris. 

Syphilis. — The  primary  lesion,  the  true  chancre,  commonly  occurs  upon 
the  penis.  It  may  safely  be  stated  that  it  is  not  always  possible  to  recognize 
the  initial  lesion  with  certainty.  The  chancre  usually  heals  with  more  or 
less  cicatrization  and  leaves  a  permanent  scar.  It  may  be  situated  upon  the 
glans  at  the  corona,  or  upon  the  prepuce.  Mucous  patches  may  also  be 
situated  about  the  corona  and  beneath  the  prepuce  in  the  secondary  stage  of 
syphilis  (see  Chancre). 
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Tumors  of  the  penis  are  not  uncommon,  epithelial  tumors  being 
most  frequent.  Ha7-d  papilloma  and  squamous  epithelioma  are  most  com- 
mon. The  former  usually  arises  from  the  corona,  and  forms  a  nodular  or 
cauliflower-like  growth  which  may  attain  a  considerable  size.  The  epithe- 
lioma usually  arises  from  the  surface  epithelium  of  the  prepuce  or  glans,  but 
sometimes  originates  in  the  urethra.  It  forms  a  more  or  less  warty  and  ul- 
cerated enlargement,  with  metastasis  to  the  inguinal  glands.  Sarcoma  of 
the  penis  is  occasionally  seen  and  is  rarely  melanotic.  Angioma,  lipoma,  and 
tumors  formed  by  proliferation  of  the  sebaceous  glands  are  of  rare  occurrence. 

DISEASES  OF  THE  SCROTUM. 

The  scrotum  is  occasionally  divided  along  the  line  of  the  raphe  in  cases  of  hypospadia. 

Elephantiasis  is  of  frequent  occurrence  in  the  subcutaneous  tissue,  and  may  cause  the 
organ  to  foim  a  pendulous  mass  nearly  reaching  the  ground  as  the  patient  stands,  and  almost 
as  large  as  his  body. 

Dermoid  tiunors  are  not  infrequent  in  the  scrotum,  most  of  them  probably  being  inclusion 
cysts. 

Epithelioma  of  the  scrotum  is  said  to  be  common  among  chimney-sweeps  and  paraffin 
workers. 

DISEASES  OF  THE  PROSTATE  GLAND. 

The  prostate  gland  is  a  fibromuscular  organ,  the  homologue  of  the  uterus. 
It  is  situated  about  the  neck  of  the  bladder,  and  perforated  by  the  urethra, 
into  which  its  numerous  branched  tubular  glands  empty.  The  organ  is  very 
small  in  childhood,  takes  on  a  considerable  development  at  puberty,  and 
undergoes  a  healthy  atrophy,  more  or  less  marked  in  old  age. 

Atrophy  of  the  prostate  rarely  occurs  in  youth  or  middle  life,  but  is 
common  in  advanced  years.  It  affects  both  the  glands  and  their  matrix,  the 
epithelial  cells  undergoing  fatty  metamorphosis  and  largely  disappearing. 
It  is  said  that  atrophy  of  the  prostate  may  be  a  cause  of  sterility.  The 
organ  appears  unusually  small,  and  contains  dilated  and  cavernous  glandular 
spaces. 

Hypertrophy  of  the  Prostate. — Enlargement  of  the  prostate  is  a 
very  common  disease  of  old  men.  The  enlargement  may  depend  upon  a 
true  hypertrophy  of  the  whole  organ  or  of  one  of  its  lobes. 

The  enlarged  prostate  may  be  characteristic  in  appearance  and  at  once 
indicate  the  nature  of  the  affection.  Thus,  if  it  appear  homogeneous,  as  is 
normal,  the  enlargement  probably  depends  upon  hypertrophy  or  hyperplasia. 
If  there  are  nodular  masses  in  its  structure,  it  is  more  probable  that  neo- 
plasms are  present.  The  microscopic  appearances  may,  however,  be  some- 
what confusing,  as  it  is  not  always  possible  positively  to  differentiate  between 
glandular  hyperplasia  and  adenoma. 

The  organ  is  not  uniformly  affected,  but  presents  unilateral  or  median 
enlargements,  depending  upon  overgrowth  of  particular  lobes.  Of  these, 
the  median  enlargements  are  clinically  the  more  important,  because  of  the 
greater  interference  which  they  occasion  with  urination.  The  enlarged 
median  or  posterior  lobe  may  form  a  body  as  large  as  a  cherry  or  walnut, 
obstructing  the  urethral  orifice  and  making  entrance  of  urine  into  the  urethra 
very  difficult. 

Enlargements  depending  upon  simple  hypertrophy  are  probably  rare,  while 
those  depending  upon  glandular  and  interstitial  hyperplasias  are  very  com- 
mon. Of  the  latter,  the  glandular  hyperplasia  closely  simulates  adenoma, 
and  microscopically  presents  beautiful  acini  with  columnar  epithelial  cells. 
The  interstitial  hyperplasia  is  characterized  by  increase  of  the  fibromuscular 
tissue  of  the  matrix,  and  may  be  accompanied  by  an  actual  atrophy  of  the 
glands,  which  appear  as  widely  scattered  tubules  with  atrophic  cells. 
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Inflammation  of  the  prostate — prostatitis — is  nearly  always  of 
secondary  origin.  It  occurs  from  infection  from  the  urethra  in  cases  of 
gonorrheal  urethritis  ;  from  infection  from  the  bladder  in  cases  of  cystitis 
with  decomposition  of  the  urine  ;  from  lymphogenic  infection  in  cases  of 
proctitis  and  pelvic  cellulitis  ;  and  in  rare  cases  from  hematogenous  infection 
by  pyogenic  bacteria  circulating  in  the  blood. 

The  inflammations  are,  for  the  most  part,  acute,  and  will  vary  in  appear- 
ance according  to  the  particular  mode  of  infection.  Thus,  in  the  infection 
that  takes  place  through  the  ducts  in  urethritis  and  cystitis,  the  brunt  of  the 
inflammation  falls  upon  the  tubules  of  the  gland  and  produces  a  catarrh, 
with  accumulations  of  pus  in  the  tubules,  desquamation  of  cells,  round-cell 
infiltrations  of  the  peri-alveolar  tissue,  and  a  subseqiient  series  of  atrophic 
changes  in  cases  which  do  not  undergo  a  ready  recovery  by  resorption. 


Fig.  311. — Hypertrophy  of  the  prostate  gland. 

The  lymphogenic  and  hematogenic  infections  occasion  interstitial  inflam- 
mations which  usually  take  the  form  of  abscesses  of  varying  size,  some  being 
no  larger  than  a  pea,  others  as  large  as  a  walnut.  They  may  heal  by  absorp- 
tion or  may  become  encapsulated  and  calcified,  or  they  may  rupture  and 
evacuate.  Rupture  may  take  place  into  the  urethra  or  the  periprostatic  cel- 
lular tissue.  Urethral  and  vesical  evacuation  is  quite  frequently  followed 
by  infiltration  of  the  tissue  by  urine,  further  infection,  phlegmonous  inflam- 
mations, and  the  formation  of  larger  pus  collections,  which  point  at  remote 
parts.  When  such  untoward  results  do  not  take  place,  the  abscess  usually 
heals  kindly  and  cicatrizes. 

Tuberculosis  of  the  prostate  is  usually  secondary  to  tuberculosis  of 
the  testicle,  seminal  vesicles,  etc.,  and  occurs  by  lymphatic  distribution.  In 
rare  cases  of  hematogenic  origin  the  disease  is  primary  in  the  prostate.     The 
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tubercles  may  form  large,  cheesy  masses,  which  may  become  encapsulated  or 
calcified,  or  may  soften  and  rupture,  discharging  the  infectious  contents  into 
the  surrounding  tissue  and  provoking  a  wide-spread  lymphogenic  tubercu- 
losis. 

Tumors  of  the  prostate  are  not  common.  That  most  frequently  ob- 
served is  a  fibromyoma  that  resembles  the  uterine  fibroid.  The  tumor 
occurs  in  the  form  of  more  or  less  circumscribed  nodes  which  distort  the 
organ.     Sometimes  glandular  elements  are  observed  in  these  tumors. 

Sarcoma  and  adenoma  are  rare  tumors  of  the  prostate. 

Carcinoma  of  the  prostate  is  not  rare,  and  occurs  as  a  nodular,  yellow- 
ish-white mass,  which  projects  into  the  urethra  and  neck  of  the  bladder,  soon 
becomes  ulcerated,  and  forms  deep,  ragged  excavations.  The  disease  early 
gives  metastasis  to  the  inguinal  glands.  The  growth'  develops  from  the 
glandular  cells  of  the  acini  of  the  organ,  which  form  cylindric,  elongate, 
cellular  masses,  with  branched  extensions  and  occasional  large  cell-nests. 
The  interstitial  tissue  may  be  unchanged  or  may  be  very  rich  in  cells,  and 
apparently  in  active  proliferation. 

The  tumor  invades  the  neck  of  the  bladder,  seminal  vesicles,  and  rectum 
by  continuity  of  tissue,  gives  metastasis  to  remote  organs,  and  is  rapidly 
fatal. 

Cysts  of  the  Prostate. — Rarely,  cysts  are  formed  in  the  prostate  by  ob- 
struction of  the  ducts  and  retention  of  the  secretions.  Cystic  dilatation  of 
remnants  of  Miiller's  duct  may  also  occur.  The  vesicula  prostatica  is  a  per- 
sistent remnant  of  Miiller's  duct,  and  forms  a  pocket  which  sometimes  be- 
comes quite  widely  dilated.     It  is  not  pathologic  except  when  widely  dilated. 

Parasites  of  the  prostate  are  very  rare.  Echinococcus  cysts  have 
been  observed. 

Calculus  in  the  Prostate. — Occasionally  grains  of  urinary  gravel  passing  through  the 
urethra  enter  and  remain  in  the  prostatic  ducts.  These  are  sometimes  incorrectly  described  as 
prostatic  calculi. 

Concretions  commonly  form  in  the  prostatic  alveoli,  especially  in  old  men.  They  may  be 
discovered  only  by  microscopic  examination,  appearing  as  rounded  or  oval,  colorless,  trans- 
lucent, smooth,  concentric  bodies.  They  are  often  described  us  corfora  amylacea,  and  in  com- 
position seem  related  to  the  amyloid  substance,  striking  a  blue  or  mahogany-brovfn  color  with 
iodin  and  potassium  iodid  solutions,  though  sometimes  they  fail  to  react.  As  they  become 
larger  they  appear  of  a  yellowish,  brownish,  or  blackish  color,  and  receive  incrustations  of 
phosphatic  salts  and  oxalate  of  calcium.  At  this  stage  the  bodies  become  visible  to  the  naked 
eye,  and  grit  upon  the  knife  when  sections  of  the  gland  are  made.  They  may  become  so  large 
as  to  fill  up  and  dilate  the  ducts,  even  projecting  into  the  urethra  and  interfering  with  the 
passage  of  urine,  by  which  they  may  be  washed  out  and  escape  through  the  urethra. 

Diseases  of  Cowper's  Glands. — These  small  glands,  one  on  each  side,  situated  in  the 
membranous  portion  of  the  urethra,  just  behind  the  bulb  of  the  corpus  cavernosum,  are 
sometimes  infected  from  the  urethra  and  sometimes  invaded  by  neoplasms,  etc. 

Inflammation. — Inflammation  usually  occurs  in  inflammation  of  the  prostate  and  in  all 
forms  of  urethritis.  The  glands  become  large  and  hyperemic,  and  may  suppurate.  In  the 
latter  case  they  evacuate  into  the  urethra.  If  they  rupture  externally,  fistula  occurs.  Chronic 
inflammation  leads  to  permanent  enlargement  with  narrowing  of  the  urethra. 

Cysts. — Retention  cysts  of  Cowper's  glands  are  not  infrequent. 

THE  SEMINAL  VESICLES. 

Vesiculitis,  or  inflammation  of  the  seminal  vesicles,  is  caused  by  infec- 
tion from  the  urethra  in  urethritis, — gonorrhea, — or  is  conveyed  from  the  vas 
deferens  in  primary  suppuration  of  the  epididymis.  It  may  also  occur  in 
consequence  of  prostatitis.  The  inflammation  is  catarrhal,  the  seminal  vesi- 
cles being  little  more  than  the  expanded  tortuous  upper  extremity  of  the 
vas  deferens.  When  inflamed,  their  tubules  are  filled  with  a  mucopurulent 
secretion  impoverished  in  spermatozoa.  The  organs  are  enlarged  and  con- 
gested.    In  chronic  cases  the  disease  is  liable  to  cause  cicatricial  contrac- 
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tion,  with  deformity,  diverticula  formation,  and  obstruction  of  part  or  of 
the  entire  seminal  vesicle. 

When  inflammatory  or  normal  contents  of  the  organ  are  retained,  inspissation,  calcifica- 
tion, and  calculus  formation  are  observed.  The  calculi  are  usually  very  small  and  contain 
spermatozoa.  They  are  called  by  some  symplexion.  Obstruction  of  the  outlet  of  a  seminal 
vesicle,  either  frorn  inflammatory  or  other  cause,  or  of  the  retention  of  semen  in  diverticula 
of  the  seminal  vesicle,  may  lead  to  the-formation  of  cysts  known  as  hydroceles  of  the  seminal 
vesicles. 

Tuberculosis  of  the  seminal  vesicle  is  frequent  and  may  be  primary  or 
secondary  to  pulmonary  or  urogenital  tuberculosis.  The  bacilli  may  reach 
the  seminal  vesicles  in  the  blood,  in  the  lymph,  through  the  vas  deferens 
from  tuberculosis  of  the  testis  or  epididymis,  or  through  the  urethra  and 
ejaculatory  duct  from  tuberculosis  of  the  kidneys,  bladder,  prostate,  etc. 

The  tuberculous  vesiculse  seminalis  have  caseous  masses  in  their  walls  and 
the  lumen  filled  with  a  cheesy  exudate. 

Tumors  of  the  seminal  vesicles  are  usually  secondary  to  carcinoma  of 
the  prostate  and  rectum,  and  occur  by  direct  or  lymphatic  extension. 

Primary  carcinoma  of  the  seminal  vesicles  sometimes  occurs. 

The  spermatic  cord,  vifhich  consists  of  the  spermatic  duct,  vessels,  areolar  tissue,  and 
peritoneum  {tunica  vaginalis  communis^,  is  occasionally  the  seat  of  varicose  veins  {varicocele), 
is  sometimes  inflamed  secondarily  to  surrounding  tissues,  may  become  infected  with  tubercu- 
losis when  tuberculous  affections  are  in  progress  in  neighboring  tissues,  and  is  occasionally  the 
seat  of  such  tumors  as  fibroma,  lipoma,  myxoma,  sarcoma,  and  secondary  carcinoma. 

The  vas  deferens  is  frequently  inflamed — deferentiiis.  Inflammation  is,  however,  probably 
always  dependent  upon  infection  from  the  urethra  or  the  testis.  It  is  usually  catarrhal  and 
chronic.  It  may  cause  infection  of  the  testis  and  obliteration  of  its  own  lumen  by  the  forma- 
tion of  ulcers  followed  by  cicatrization. 

Tuberculosis  of  the  vas  deferens  occurs  in  consequence  of  infection  from  the  diseased  testis 
or  seminal  vesicles;  rarely  from  other  sources.  It  is  characterized  by  the  formation  of  tuber- 
cles and  tuberculous  granulation  tissue  in  the  walls  of  the  tube  and  by  necrosis  with  loss  of 
substance  and  ulcerations.  From  the  vas  deferens  infectious  material  may  be  carried  upward 
to  the  seminal  vesicles  or  downward  to  the  epididymis,  either  of  which  organs  may  become 
secondarily  diseased. 

Syphilitic  lesions  of  the  vas  deferens  are  rare,  usually  taking  the  form  of  fibroid  indura- 
tions and  gummata. 

DISEASES  OF  THE  TESTICLE. 

Anorchia,  or  absence  of  the  testicles.  Is  a  rare  congenital  anomaly.  It  is  nearly  always 
associated  with  accompanying  absence  of  the  epididymis,  vas  deferens,  and  seminal  vesicles 
of  one  or  both  sides.  In  these  cases  the  individual  is  apt  to  retain  puerile  characteristics, 
have  a  small  larynx,  and  no  beard  or  pubic  hair. 

MonorcMa,  or  absence  of  one  testicle,  is  more  frequent  and  may  occur  in  otherwise  normal 
persons.  Sometimes,  although  the  testicle  is  absent,  the  epididymis,  the  vas  deferens,  and  the 
seminal  vesicle  may  be  present.  x^    .    ., 

PolyorcMa,  or  abnormally  numerous  testicles,  is  an  almost  unknown  condition.  Probably 
no  well-studied  and  thoroughly  substantiated  case  is  on  record. 

Microrcbla,  or  hypoplasia  of  the  testicle  or  of  both  testicles,  is  occasionally  seen. 

Inverslo  Testicull. — Sometimes  an  abnormal  position  of  the  testicle  is  observed,  and  the 
free  side  of  the  organ  is  directed  backward  so  that  the  epididymis  is  anterior  to  it. 

CryptorcMa,  or  concealed  testicle,  depends  upon  failure  of  the  organ  to  descend  from 
the  abdominal  cavity  into  the  scrotum.  It  may  depend  upon  atrophy  of  Hunter's  bands, 
adhesions  between  the  testicle  and  abdominal  viscera,  obstruction  of  the  inguinal  canal  by 
displaced  viscera,  etc.,  abnormal  and  diminutive  size  of  the  inguinal  canal,  especially  at  the 
outer  ring,  and  the  original  abnormal  position  of  the  testicle,  making  its  descent  impossible. 
It  is  a  rather  frequent  condition,  and  may  affect  one  or  both  organs. 

The  testicles  may  be  retained  in  the  abdominal  cavity,  or,  as  is  more  frequently  the  case, 
in  the  inguinal  canal.  The  condition  is  rather  common  at  birth,  showing  that  the  testicle  not 
infrequently  descends  later  in  life.  ,      .       .  .  .. , 

The  position  of  the  testicle  in  the  abdominal  cavity  may  make  its  descent  impossible 
(aberratio  testiculi),  or  possible  only  in  an  abnormal  manner,  as  toward  the  perineum,  into  the 
internal  abdominal  ring,  and  between  the  muscular  layers  of  the  anterior  wall  of  the  inguinal 
canal  The  testicles,  which  do  not  descend  normally,  are  usually  small  and  incompletely 
developed,  and  seem,  as  a  rule,  incapable  of  spermogenesis.  They  sometimes  undergo  retro- 
gressive changes,  such  as  fatty  metamorphosis,  and  not  infrequently  are  the  starting-point  of 
maUgnant  tumors  of  a  sarcomatous  character. 
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Anemia  of  the  testicle  has  no  importance  except  when,  as  the  result  of 
arterial  obstruction,  it  may  lead  to  necrosis  of  the  tissues  of  the  organ. 

Hyperemia  of  the  testicle  is  usually  an  early  stage  of  inflammation  of 
its  accompanying  vascular  phenomenon. 

Atrophy  of  the  testis  is  sometimes  observed  in  marasmus,  senility,  and 
chronic  inflammatory  conditions.  The  organ  is  small  and  dense,  having  a 
brownish  color,  due  to  pigmentation.  The  microscopic  study  shows  the 
epithelial  cells  of  the  tubules  to  be  fatty  degenerated,  and  the  tubules  con- 
tain no  spermatozoa.  Atrophy  of  the  testicle  occurs  most  markedly  and 
earliest  in  persons  affected  with  arteriosclerosis  of  the  spermatic  artery.  It 
also  occurs  in  consequence  of  the  pressure  of  hernia  and  in  nervous  affec- 
tions, such  as  paraplegia  and  certain  brain  diseases.  Inflammatory  adhesions 
may  produce  pressure  atrophy  of  the  testis. 

Hypertrophy  of  the  testicle  is  rare.  It  is  usually  compensatory,  de- 
pending upon  loss  of  function  of  the  opposite  organ.  Its  chief  feature  is 
increase  in  the  size  of  the  seminiferous  tubules. 

Degenerations. — Calcification  occurs  in  the  testis  in  old  inflammatory 
areas  and  in  chronic  tuberculosis. 

Fatty  metamorphosis  frequently  occurs  in  the  epithelial  cells  of  the 
tubules  in  inflammatory,  tuberculous,  neoplastic,  and  atrophic  conditions. 

Colloid  metamorphosis  is  observed  in  certain  of  the  tissues. 

Mucous  metamorphosis  is  also  seen  in  tumors  of  the  testis. 

Inflammation  of  the  Testicle — Orchitis — and  of  the  Epididy- 
mis— Epididymitis. — Inflammation  may  affect  the  testis  alone,  or  the 
testis  and  the  epididymis,  or  it  may  affect  the  epididymis  only.  Sometimes 
the  surrounding  tunica  albuginea  is  inflamed — -periorchitis. 

Etiology. — Inflammation  of  the  testicle  may  be  acute  or  chronic.  It 
is  usually  caused  by  traumatism  and  infection,  the  latter  most  commonly 
from  extension  of  the  inflammation  from  the  urethra  in  gonorrhea,  prosta- 
titis, or  cystitis  of  infectious  nature.  In  more  rare  cases  the  specific 
cause  of  the  inflammation  enters  the  testicle  with  the  circulating  blood, 
as  in  pyemia,  variola,  typhoid  fever,  mumps,  etc.  The  hematogenous 
inflammations  most  frequently  occur  in  the  testicle  itself,  while  those  re- 
sulting from  urethral  extension  and  from  traumatism  are  more  common  in 
the  epididymis. 

Orchitis  is  characterized  by  hyperemia,  inflammatory  edema,  and  swell- 
ing of  the  intertubular  tissue  of  the  testicle,  causing  the  organ  to  become 
enlarged,  sometimes  to  the  size  of  a  goose-egg.  It  is  very  firm  in  texture, 
and  is  surrounded  by  a  very  tense  capsule.  If  the  coverings  of  the  organ  be 
involved,  a  collection  of  serous  fluid  is  found  in  the  tunica  vaginalis  testis 
— acute  hydrocele.  According  to  the  character  of  the  inflammation,  a  larger 
or  smaller  number  of  small  round-cells  will  be  found  both  in  the  inter- 
tubular tissue  and  in  the  interepithelial  tissue  of  the  tubules,  and  also  in 
their  lumen.  In  traumatic  inflammation  blood  may  escape  from  injured 
vessels  and  mingle  with  the  exudate.  If  the  inflammation  of  the  organ  be 
of  a  mild  grade,  the  epithelial  cells  of  the  tubules  may  show  a  mild  cloudy 
swelling  and  cease  to  form  spermatozoa,  but  if  it  be  severe,  the  cells  will 
degenerate  and  desquamate. 

The  mild  inflammations  readily  recover  by  absorption  of  the  exudate  and 
regeneration  of  the  lost  epithelial  elements. 

Inflammation  of  the  epididymis  resembles  inflammation  of  the  testicle. 

Purulent  orchitis  is  not  frequent.  The  abscesses  may  be  miliary,  or  as 
large  as  chestnuts.  They  may  be  absorbed  when  small,  or  may  be  encap- 
sulated and  undergo  calcareous  infiltration  when  larger.  External  rupture  is 
sometimes  followed  by  a  marked  regenerative  reaction  in  the  tunica  albu- 
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ginea,  causing  the  formation  of  a  considerable  sized  mass  of  exuberant 
granulations  described  ss,  fungus  benignus. 

The  escape  of  the  pus  into  the  cavity  of  the  tunica  vaginalis  sometimes 
causes  violent  suppurative  inflammation,  and  may  even  lead  to  gangrene  of 
the  outer  tissues  of  the  scrotum.  After  evacuation  the  wound  heals  by 
granulation  and  cicatrization. 

The  pus  of  the  orchitic  abscess,  of  course,  contains  the  specific  micro- 
organisms, among  which  may  be  mentioned  the  gonococcus,  streptococcus, 
staphylococcus,  and  typhoid  bacillus. 

Chronic  orchitis  not  frequently  follows  the  acute  form  of  the  disease,  and 
is  characterized  by  a  proliferation  and  thickening  of  the  framework  of  the 
organ,  by  which  the  connective-tissue  hyperplasia  becomes  more  and  more 
marked,  and  the  albuginea  and  intertubular  tissue  more  and  more  prominent 
until  the  tubular  tissue  undergoes  atrophy.  As  the  disease  advances  the 
organ  becomes  more  and  more  firm  and  dense,  is  somewhat  reduced  in  size, 
and  may  present  an  irregular  surface.  Microscopic  examination  shows 
marked  increase  in  the  interstitial  tissue  and  diminution  in  the  number  of 
tubules.  The  remaining  tubules  are  reduced  in  size  and  lined  with  atrophic 
cells  obviously  incapable  of  spermogenesis  and  more  or  less  advanced  in 
fatty  degeneration.  In  the  lumen  occasional  leukocytes,  compound  granule 
cells,  and  fatty  molecules  are  observed.  In  the  newly  formed  connective 
tissue  there  are  many  small  round-cells  as  long  as  there  is  any  inflammation, 
but  after  the  inflammation  is  allayed,  the  tissue  becomes  dense,  tendinous, 
and  cicatricial. 

Periorchitis  usually  accompanies  chronic  orchitis,  and  may  cause  the 
obliteration  of  the  layers  of  the  tunica  vaginalis  testis  by  inflammatory 
adhesions. 

Congenital  syphilis  not  infrequently  is  a  cause  of  cirrhosis  of  the  testicle. 

Epididymitis  following  gonorrhea  or  other  infections  through  the  vas 
deferens  is  sometimes  succeeded  by  chronic  inflammation  and  cirrhosis,  with 
subsequent  atrophy.  In  most  cases  the  inflammation  affects  both  epididymis 
and  testicle  simultaneously,  and  the  cirrhotic  and  atrophic  processes  occur 
together  in  both  parts  of  the  organ. 

Tuberculosis  of  the  testicle  usually  begins  in  the  epididymis  and 
affects  the  testicle  proper  by  lymphatic  extension  and  continuity  of  tissue. 
Occasionally  it  is  primary  in  the  testicle  itself 

The  infection  may  take  place  through  the  circulation  or  through  the  vas 
deferens  from  the  urethra. 

I.  Hematosenons  Infection  may  be — 

I.  Primary,  that  is,  a  tubercle  bacillus  accidentally  introduced  into  the  circulation  may  lodge 
either  in  the  capillary  vessels  of  the  testicle  or  in  the  epididymis,  and  produce  tuberculosis  of 
the  organ.  In  such  cases  the  tuberculous  lesion  consists  of  a  primary  node  which  increases 
in  size  slowly  and  usually  appears  caseous  from  the  beginning,  It  is  usually  more  or  less  well 
encapsulated  by  connective  tissue,  but  may  be  surrounded  by  a  zone  of  granulation  tissue 
containing  many  fresh  gray  miliary  tubercles,  which,  as  they  degenerate,  contribute  to  the  in- 
crease in  size  of  the  original  mass.  More  rarely  lymphogenic  distribution  of  tubercles  begins 
early,  and  numerous  tuberculous  centers  occur. 

When  the  epididvmis  is  first  diseased,  a  mild  atrophy  takes  place  in  the  testicle,  followed 
sooner  or  later  by  the  development  of  lymphogenic  tubercles,  especially  in  the  neighborhood 
of  the  rate  testis.  The  tubules  of  the  testicle  are  separated  by  proliferated  connective  tissue 
which  becomes  more  and  more  marked  as  the  tuberculous  masses  are  approached.  In  the 
tubules  are  masses  of  proliferated  desquamated  epithelium,  leukocytes,  and  occasionally,  among 
these,  may  be  seen  giant-cells.    Tubular  distribution  of  the  tubercles  is  almost  always  present. 

The  primary  caseous  tuberculous  lesion  may  gradually  include  all  the  testicle  and  epidid- 
ymis, and  form  a  general  caseous  mass  as  large  as  a  hen's  egg.  Adhesion  of  the  coverings 
of  the  testicle  usually  occurs,  and  it  is  not  at  all  uncommon  for  external  fistulous  openings 
to  form  and  permit  the  escape  of  caseous  material,  so  that  cavities  form  in  the  organ.  Exu- 
berant granulations  may  grow  from  the  tunica  albuginea  and  form  rather  large,  spongy,  red- 
dish masses  about  the  opening— /un^g-us  testis  tuberculosis. 
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Primary  tuberculosis  of  the  testicle  may  cause  lymphogenic  tuberculosis  of  higher  parts  of 
the  genito-urinary  apparatus,  and  not  infrequently  is  a  cause  of  general  miliary  tuberculosis. 

2.  Secondary  hematogenous  tuberculosis  of  the  testicle  is  common  in  most  advanced  cases 
of  pulmonary  tuberculosis,  the  disease  taking  the  form  of  small  miliary  tubercles  of  interstitial 
formation.  As  these  increase  in  size,  tubules  may  be  invaded  and  may  afford  an  avenue  of 
escape  for  the  cheesy  tissue. 

In  both  the  primary  and  secondary  form  of  testicular  tuberculosis  tubercle  bacilli  may  be 
excreted  with  the  spermatic  fluid,  which  becomes  infectious. 

II.  Urethral  infection  takes  place  when  tubercle  bacilli,  entering  the  urine  from  other 
varieties  of  urogenital  tuberculosis,  accidentally  find  their  way  into  the  vas  deferens.  In  a  few 
reported  cases  in  which  tuberculosis  of  the  testicle  seemed  to  follow  gonorrhea  with  orchitis 
or  epididymitis  the  disease  was  probably  already  present  and  only  accelerated  in  develop- 
ment by  the  added  infection.  The  urethral  infection  occurring  through  the  vas  deferens  is 
primarily  tubular,  and  more  likely  to  begin  in  the  epididymis  than  in  the  testis  proper.  It  is 
rare  compared  to  the  hematogenous  form  of  infection. 

Syphilis  of  the  testis  and  epididymis  occurs  in  both  congenital 
and  acquired  syphilis.  The  chief  lesions  are  intertubular  round-cell  infiltra- 
tion, associated  with  tubular  atrophy  and  induration.  The  large  cellular  in- 
filtrations sometimes  undergo  caseation,  with  the  formation  oi gummata,  which 
are  usually  small  and  multiple,  but  may  be  large.  Evacuation  may  be  suc- 
ceeded by  the  formation  of  fungous  syphilitic  granulations.  The  testicle  is 
more  frequently  affected  than  the  epididymis. 

Cicatrization  following  gumma  formation  and  succeeding  the  round-cell 
infiltration  is  very  dense,  often  predisposing  to  further  atrophy  of  the  affected 
organ. 

Lepra  sometimes  causes  nodular  formation  in  the  testis,  followed  by  de- 
generation and  atrophy. 

Cysts  of  the  Testicle. — Spermatocele. — The  cyst  known  as  spermato- 
cele usually  develops  at  the  head  of  the  epididymis,  and  less  frequently  at 
its  tail.  It  forms  a  large,  smooth-walled  cyst,  the  contents  of  which  may 
amount  to  350  c.c.  The  fluid  is  watery,  slightly  turbid,  and  when  examined 
microscopically,  is  found  to  contain  spermatozoa,  which  may  be  actively 
motile,  non-motile,  or  degenerated,  according  to  the  length  of  time  they 
have  been  present.  It  is  probable  that  in  the  course  of  time  the  spermato- 
zoa entirely  disappear  and  leave  a  clear  fluid.  The  spermatocele  is  prob- 
ably formed  by  the  accumulation  of  fluid  in  the  lower  blind  end  of 
the  Wolffian  body,  into  which  the  spermatic  fluid  enters  by  regurgita- 
tion from  the  common  duct.  The  wall  of  the  cyst  is  lined  with  cuboidal 
epithelium. 

Serous  cysts,  attached  by  long  pedicles  to  the  head  of  the  epididymis, 
occur  in  consequence  of  dilatation  of  the  blind  end  of  retained  Miiller's 
ducts. 

Retention  cysts  of  the  testicle  depend  upon  obstruction  of  the  vasa 
deferentia  and  tubules.  Tubules  of  the  epididymis,  more  frequently  than 
those  of  the  testis,  show  the  dilatation,  especially  in  the  neighborhood  of  the 
head  of  the  epididymis.  The  majority  of  these  cysts  are  small.  The  con- 
tents may  be  milky  {galactocele),  or  may  be  clearer  and  contain  sper- 
matozoa. The  walls  of  the  cysts  are  smooth  and  lined  by  columnar  or  cuboidal 
epithelium.  Usually  the  cysts  appear  to  be  superficial,  but  they  may  be 
deeply  seated. 

Retention  cysts  also  occur  in  combination  with  neoplastic  developments 
in  the  testis,  associated  with  obstruction. 

Dermoid  cysts  are  much  less  frequent  in  the  testis  than  in  the  ovary. 
The  tumor  is  usually  seated  in  the  substance  of  the  organ,  sometimes  sur- 
rounded by  a  connective-tissue  capsule  containing  fatty  tissue.  (See  Dermoid 
Tumors.) 

Parasitic  Cysts. — Echinococcus  cysts  have  been  observed  in  the  testis  and 
also  in  the  epididymis. 
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Tumors  of  the  Testicle. — Fibroma  usually  develops  from  the  tunica 
albuginea,  and  sometimes  from  the  wall  of  the  vas  deferens.  The  tumors 
have  the  usual  macroscopic  and  microscopic  appearances,  and  are  prone  to 
calcification. 

Lipoma  is  a  rare  tumor  developing  from  the  covering  membranes  of  the 
organ,  and  sometimes  from  the  tissue  of  the  vas  deferens. 

Myxopia  is  a  rare  tumor  of  the  testis.  Myxomatous  degenerations  and  the 
formation  of  mucous  tissue  in  combination  with  other  tumors  are  common. 

Rliabdomyoma  is  occasionally  observed  in  the  testis.  The  growth  seems 
to  spring  from  the  tunica  albuginea,  and  consists  of  a  fleshy  mass  of  striped- 
muscle  cells  which  may  entirely  replace  the  testis  or  occupy  only  a  part  of 
its  substance. 

Chondroma. — Pure  cartilaginous  tumors  of  the  testis  are  rare.  They 
may  form  rounded,  single  nodules  of  various  size,  or  may  be  multiple  and  of 
various  size.  I  have  seen  one  that  extended  throughout  the  substance  of  the 
testis  in  a  dendritic  form.  The  tumor  is  somewhat  malignant  in  tendency, 
and  growing  in  the  lymphatic  spaces  and  vessels,  gives  metastasis  to  the 
inguinal  glands  and  later  to  the  lungs.  Sebondary  fibrous,  cystic,  and 
atrophic  changes  occur  in  the  testicle  as  a  result  of  the  growth  of  this  tumor. 
The  primary  growth  usually  occurs  in  the  rete  testis. 

Combinations  of  cartilage  with  various  other  tumor  tissues  are  much  more 
frequent  than  pure  chondroma — thus,  chondrosarcoma,  chondroadenoma, 
and  chondrocarcinoma  are  not  infrequent  mixed  tumors. 

Osteoma  of  the  testis  has  been  seen  by  Neumann.  The  tumor  formed 
an  in-egular  mass,  more  or  less  nodular  on  the  surface,  which  occupied  the 
left  testis.  Its  structure  was  true  spongy  bone  with  fatty  marrow.  In 
fibrous  areas  or  islands  in  the  bone  small  masses  of  hyaline  cartilage  not  con- 
nected with  the  bone  were  observed. 

Sarcoma. — Sarcomata  of  all  varieties  occur  in  the  testicle,  and  rather 
less  frequently  in  the  epididymis.  Round-cell,  spindle-cell,  giant-cell,  and 
alveolar  sarcomata,  angiosarcomata,  and  pigmented  sarcomata  are  all  occa- 
sionally met,  sometimes  in  the  pure  form,  but  much  more  frequently  in  mixed, 
one  part  of  the  tumor  being  a  simple  cellular  growth,  another  part  alveolar, 
still  another  part  telangiectatic,  etc.  Sarcoma  of  the  testicle  is  also  prone 
to  combine  with  the  higher  tissues,  so  that  fibrosarcoma,  myxosarcoma, 
lipomasarcoraa,  etc.,  are  frequent.  Degenerations  are  also  frequent,  and 
cysts  are  formed  by  softening.  Cysts  are  also  formed  by  dilatation  of  the 
seminiferous  tubules,  so  that  cystosarcoma  of  the  testis  may  have  a  double 
meaning. 

One  of  the  most  interesting  of  the  tumors  of  this  class  somewhat  resem- 
bles the  intracanalicular  tumors  of  the  mamma,  in  that  ingrowths  of  the 
tumor  tissue  take  place  into  the  cysts,  with  the  production  of  more  or  less 
marked  polypoid  excrescences  almost  filling  up  the  original  cysts. 

Cysts. — Cysts  of  the  testis  that  form  through  metamorphosis  of  tumor 
tissue  are  irregular  cavities  with  indefinite  walls,  and  are  filled  with  the 
products  of  tissue  destruction.  The  retention  cysts  are  smooth- walled,  lined 
with  columnar  and  cuboidal  epithelium,  and  contain  either  a  clear  fluid  or  a 
semicaseous  mass  composed  of  fatty  degenerated  epithelium,  fat-drops,  and 
cholesterin  plates.  Cysts  of  this  kind  are  sometimes  described  as  cholesteatoma 
testis. 

The  mixed  tumors  of  the  testis  are  probably  all  congenital  teratomata. 
Perithelioma  of  the  testicle  has  been  observed  by  Waldeyer. 
Endothelioma  in  the  testis  is  not  infrequent,  but  is  easily  confused  with 
carcinoma  and  adenoma. 

Adenoma  of  the  testis  is  rare ;  most  of  the  growths  resembling  adenoma 
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are  cystic  {adenocystoma  and  adenocystoma  papilliferum)  and  may  show 
irregular  epithelial  outgrowths  in  all  directions — adenocarcinoma. 

Tumors  of  this  kind  are  usually  observed  in  middle  life.  They  most  fre- 
quently affect  the  testis,  leaving  the  epididymis  unchanged.  The  contents 
of  the  cysts  vary,  some  being  mucous,  others  mushy,  so  that  mucous  and 
atheromatous  cystadenomata  have  been  described. 

Carcinoma  of  the  testicle  is  not  uncommon.  It  may  be  a  simple  and 
easily  recognized  tumor,  encephaloid  or  scirrhous  in  nature,  or  may  be  com- 
plicated by  admixtures  of  various  of  the  simple  tissues.  The  encephaloid 
tumors  are  most  frequent. 

The  neoplasm  develops  from  the  glandular  cells  of  the  seminiferous 
tubules.  The  growth  of  the  tumor  usually  takes  place  from  some  single 
focus,  but  the  non-carcinomatous  portions  of  the  organ  show  catarrhal  and 
retrogressive  changes.  In  the  course  of  time  the  entire  organ  becomes  trans- 
formed into  carcinoma.  The  tumor  itself  is  prone  to  interstitial  hemorrhage 
and  to  mucous  degeneration. 

Macroscopically,  the  growth  varies  in  size,  is  irregular  in  form,  soft  or 
hard  according  to  the  amount  of  interstitial  tissue  present,  and  upon  section 
appears  variegated,  the  cellular  parts  contrasting  with  the  fibrous  tissue  and 
interstitial  hemorrhages  and  degenerations. 

In  the  epithelial  masses  it  is  not  infrequent  to  observe  colloid  degenera- 
tion and  the  formation  of  cysts — cystocarcinoma  or  colloid  carcinoma.  * 

Carcinoma  of  the  testis  usually  develops  from  the  testis  itself,  but  subse- 
quently invades  the  epididymis  and  vas  deferens.  In  cases  in  which  the 
very  resisting  tunica  albuginea  is  perforated  the  disease  usually  rapidly  infil- 
trates the  skin  of  the  scrotum. 

DISEASES  OF  THE  TUNICA  VAGINALIS  TESTIS. 

Vaginitis  testis,  also  called  periorchitis  and  vaginalitis,  is  a  com- 
mon affection.  It  may  follow  inflammation  of  the  testicle  or  epididymis, 
specific  infectious  diseases,  as  scarlatina,  typhoid  fever,  mumps,  etc.,  may 
depend  upon  traumatism,  and  sometimes  occurs  from  causes  not  discoverable. 
The  disease  is  apparently  more  frequent  in  southern  than  in  northern  lati- 
tudes, and  is  most  common  during  middle  life. 

The  vaginal  inflammations  may  be  acute  (in  traumatic  injuries  and  gonor- 
rheal infection)  or  chronic,  and  may  be  serofibrinous,  purulent,  hemorrhagic, 
adhesive,  and  villous. 

The  serofibrinous  form  of  vaginitis  testis  is  characterized  by  an  accumulation  of  fluid 
in  the  tunica  vaginalis  testis,  and  the  condition  is  known  as  hydrocele  vaginalis.  It  probably" 
depends  chiefly  upon  inflammatory  reaction,  though  its  frequent  chronicity  suggests  that  from 
some  cause  the  equilibrium  of  exudation  and  absorption  of  fluid  in  the  cavity  of  the  tunica 
vaginalis  has  been  destroyed.  Rapidly  or  slowly,  in  different  cases,  fluid  collects  in  the  tunica 
vaginalis,  until  in  some  cases  it  becomes  greatly  distended.  A  pint  of  fluid  is  very  commonly 
seen,  a  quart  is  by  no  means  rare,  and  at  least  one  case  is  recorded  in  which  3000  cubic 
centimeters  were  present.  The  condition  is,  as  a  rule,  unilateral.  If  the  vaginal  process  of 
peritoneum  remains  open  so  that  the  cavity  of  the  tunica  vaginalis  and  abdomen  remain  in 
communication,  the  contents  of  the  hydrocele  can  be  driven  up  into  the  abdominal  cavity. 
This  condition  is  called  hydrocele  peritoneovaginalis.  Bilocular  and  inultilocular  hydroceles 
are  the  result  of  division  of  the  sac  by  preexisting  or  newly  formed  bands  of  any  kind. 

In  the  beginning  the  fluid  is  found  to  be  somewhat  turbid  from  the  presence  of  minute 
fibrin  flakes  and  leukocytes,  but  later  it  becomes  clear  and  much  resembles  freshly  voided 
normal  urine.  It  is  albuminous,  and,  like  the  fluids  from  the  chest  and  abdominal  cavities, 
sometimes  coagulates  spontaneously. 

The  fluid  of  a  hydrocele  is  sometimes  milky  in  appearance  and  contains  cholesterin  plates. 
It  may  become  considerably  inspissated  and  mushy,  and  in  some  cases  is  pigmented.  Macro- 
scopically the  hydrocele  forms  a  pear-shaped  enlargement  of  the  scrotum,  the  apex  being 
directed  toward  the  inguinal  ring.  The  fluid  ascends  as  high  as  the  patulous  funicular  proc- 
ess permits. 

In  rare  cases  the  microscopic  study  of  the  fluid  reveals  the  presence  of  some  spermatozoa 
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that  probably  owe  their  presence  to  the  preexistence  of  a  spermatocele  that  has  emptied  its 
contents  into  the  hydrocele  ;  or,  as  Roth  has  explained,  from  seminal  fluid  emptied  into  the 
cavity  of  the  tunica  vaginalis  from  an  open  vas  aberrant  from  the  head  or  the  base  of  the  epi- 
didymis, or  from  the  free  end  of  Morgagni's  hydatid.  In  the  latter  case  the  condition  is  a 
congenital  anomaly.  Hydroceles  in  the  fluid  of  which  spermatozoa  are  found  are  called 
hydrocele  spermatica. 

The  secondary  results  of  hydrocele  are  observed  in  the  membrane,  which  eventually 
becomes  much  thickened  and  indurated,  although  it  is  usually  not  altered  in  the  beginning, 
and  in  the  testicle  and  epididymis,  which  are  indurated  and  sometimes  atrophic.  These  latter 
changes  are  more  probably  incited  by  the  inflammadon  than  by  the  pressure  exerted  by  the 
fluid. 

Ununited  spaces  in  the  closed  funicular  portion  of  the  vaginal  process  sometimes  begin  to 
accumulate  serous  fluid  late  in  life  and  form  hydrocele-like  dilatations  known  as  hydrocele 
funiculi  spermaiici  cystici  or  hydrocele  exirava^inalis.  They  may  occur  as  complications  of 
simple  hydrocele. 

Hydroceles  are  sometimes  congenital,  and  depend  upon  communication  of  the  vaginal 
process  and  peritoneal  cavity,  by  which  the  peritoneal  fluid  sinks  down  into  the  scrotum  and 
causes  dilatation.  In  most  of  these  cases,  however,  the  etiology  is  not  so  simple,  for  inflam- 
mation is  observed  in  the  tunica  vaginalis  and  no  doubt  the  process  is  partly  inflammatory. 

Hemorrhages  into  the  tunica  vaginalis  testis  occurring  from  traumatic  injuries,  hemorrhagic 
diatheses,  etc.,  lead  to  the  formation  of  hematocele.  The  blood  may  remain  unaltered  for  a 
long  time,  but  finally  dissolves,  liberates  pigment,  and  is  transformed  into  a  clear  fluid. 
Fibroid  indurations  usually  follow. 

Lymphorrhagia.,  with  the  formation  of  ^a/ac^pce/^,  is  sometimes  observed  in  tropic  countries 
and  is  probably  of  parasitic  origin  {filariasis). 

Vaginitis  Faruleuta  or  Suppurative  Periorchitis. — Suppuration  of  the  tunica  vaginalis 
testis  most  frequently  succeeds  traumatic  injuries  of  the  scrotum,  rupture  of  abscesses  of  the 
testicle  or  epididymis,  or  of  superficial  parts  into  the  tunica  vaginalis  testis,  hematogenotis 
infection,  or  infection  of  preexisting  hydrocele,  the  most  usual  cause  of  the  latter  accident 
being  operation  for  the  relief  of  the  affection. 

The  condition  is  characterized  by  a  purulent  accumulation  in  the  tunica  vaginalis  testis, 
with  fibrinopurulent  exudation  upon  the  serous  siirface  and  maceration  of  the  tissues.  In 
cases  of  infection  with  putrefactive  organisms,  in  addition  to  the  suppuration  one  may  observe 
fetor  and  sometimes  gangrene  of  the  inflamed  parts. 

Loculated  purulent  accumulations  or  sacs  of  pus  resulting  from  inflammation  of  local  open 
areas  of  the  vaginal  process  are  sometimes  spoken  of  as  purulent  perispermatitis.  The  affec- 
tion may  terminate  by  absorption  of  the  exudate,  by  external  evacuation  of  the  pus,  or  by 
granulation  accompanying  absorption,  by  which  firm  fibrous  union  between  the  layers  of  the 
membrane  is  accomplished. 

Vaginitis  Hsemorrhagica. — Traumatic  injuries  of  the  scrotum  are  often  followed  by  hem- 
orrhagic exudations  into  the  tunica  vaginalis  testis,  which  serve  to  complicate  the  process  of 
healing.  They  may  appear  as  distinct  blood  collections  [hematocele)  or  as  punctiform  or 
larger  subserous  infiltrations. 

In  the  process  of  organization  in  the  plastic  or  productive  vagmahtis  the  newly  formed 
blood  vessels  often  allow  considerable  leakage  from  their  delicate,  unsupported  walls,  thus 
causing  blood  to  be  added  to  the  exudate.  This  addition  seems  to  embarrass  the  processes 
of  repair,  and  not  only  do  firmer  fibrous  unions  occur  in  these  cases,  but  considerable-sized 
accumulations  sometimes  as  large  as  the  first  occur  [hematocele),  undergo  solution,  and  form 
clear  fluid  collections  with  pigmented  walls.  The  greatly  thickened  scrotal  walls  not  mfre- 
quentlv  calcify  or  even  ossify.     The  testicle  atrophies.  ^  ^     „^ 

Plastic  Vaginalltis.— The  various  forms  of  vaginalitis  are  commonly  followed  by  fibrous 
union  between  the  layers  of  the  serous  membrane.  The  adhesions  form  in  the  same  manner 
as  those  of  the  pericardium  and  peritoneum.  The  sac  may  be  completely  obhterated,  or  may 
be  divided  by  partition  into  numerous  small  sacs,  which,  when  they  subsequently  become  the 
seat  of  exudative  inflammation,  form  multilocular  cysts.  According  to  the  variety,  severity, 
and  duration  of  the  vaginitis  the  adhesions  will  be  delicate  or  coarse. 

Villous  Vaginalitis.— Villous  or  verrucose  vaginalitis  is  a  form  of  plastic  vaginitis  testis 
in  which  sessile  or  pedunculated  excrescences  develop  from  the  serous  covering  of  the  epi- 
didymis They  sometimes  occur  in  other  parts  of  the  membrane.  They  are  probably  hyper- 
trophies of  the  viUosities,  and  are  so  frequently  observed  in  the  covering  of  the  epididymis 
as  to  be  regarded  by  Luschka  as  normal.  At  other  times  they  may  be  formed  of  granulation 
tissue. 

Tuberculosis  of  the  tunica  vaginalis  is  usually  secondary  to  tuberculosis 
of  the  testis  or  epididymis.  It  presents  the  form  of  disseminated  tubercles 
with  cloudy  fluid  in  the  cavity. 

Syphilis  may  bring  about  fibroid  induration  of  the  serous  membranes. 
Gummata  are  occasionally  seen,  but  usually  the  changes  follow  disease  of  the 
testis.     Hvdrocele  is  sometimes  of  syphilitic  origin. 

Tumors  are  rare  in  the  tunics  of  the  testis.     Fibroma,  myxoma,  sar- 
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coma,  and  rhabdomyoma  have  been  described.     Dermoid  cysts  are  some- 
times found. 

Parasites. — The  Taenia  echinococcus  has  been  observed  once  in  the 
vaginal  membrane. 

DISEASES  OF  THE  FEMALE  SEXUAL  ORGANS. 

THE  OVARIES. 

Congenital  malformations  of  the  ovary  are  unusual.  Total  absence  of  both  ovaries  in 
otherwise  well-formed  individuals  probably  does  not  occur.  Unilateral  absence  of  ovaries  is 
occasionally  seen,  especially  in  uterus  unicornis.  Rudimentary  development  of  the  ovary 
occurs,  together  with  imperfect  development  of  other  of  the  sexual  organs,  in  dwarfs,  in  cre- 
tins, and  in  chlorosis.  Abnormally  large  ovaries  depending  upon  excessive  growth  of  the 
follicles  are  not  infrequent. 

Sometimes  the  ovaries  are  divided  by  the  detachment  of  small  lobes,  or  supernumerary 
ovaries  may  be  present.  In  infancy  the  ovaries  are  relatively  large  and  lobulated ;  in  senility 
small,  deeply  scarred,  and  cirrhotic. 

Not  infrequently  the  ovary  descends  like  the  testicle  and  may  be  found  in  the  inguinal 
canal  {hernia  of  the  ovary)  or  in  a  labium  majus. 

The  ovaries  vary  in  size  and  appearance  according  to  the  age  and  sexual  development  of 
the  individual.  In  infancy  they  are  small,  pinkish  in  color,  and  more  or  less  lobulated  ;  at 
puberty  they  begin  to  grow  and  attain  their  maximum  development  about  the  twentieth 
year.  During  the  sexual  life  of  the  individual  they  maintain  an  average  size,  diminishing 
again  by  atrophy  and  induration  until,  in  the  very  aged,  they  become  small,  deeply  scarred, 
dense  white  bodies. 

Hyperemia  of  the  ovary  is  a  common  pathologic  and  physiologic  con- 
dition. During  the  period  of  sexual  activity  the  ovary  is  richer  in  blood 
than  before  or  after.  At  the  periods  of  menstruation  the  ovaries  enlarge 
and  become  soft  and  congested.  The  rupture  of  follicles  and  escape  of 
ovules  are  always  followed  by  hyperemia.  AH  forms  of  inflammation  of  the 
uterus  and  tubes  are  liable  to  be  associated  during  the  acute  stage  with  con- 
gestion of  the  ovary.  Puerperal  infections  are  commonly  associated  with  it. 
The  ovary,  when  hyperemic,  appears  enlarged,  reddish  in  color,  soft,  and 
elastic. 

Passive  hyperemia  of  the  ovary  is  observed  in  obstructive  heart  disease. 
The  ovaries  appear  dark  purple  in  color. 

Hemorrhages  of  the  ovary  occur  at  the  time  of  the  rupture  of  the 
follicles.  The  blood  escapes  into  the  follicle,  infiltrates  the  substance  of 
the  ovary  more  or  less,  and  perhaps  occasionally  escapes  into  the  abdominal 
cavity,  to  collect  and  coagulate  in  the  pelvis  and  cause  adhesions.  Hemor- 
rhages also  occur  in  the  hemorrhagic  diatheses,  such  as  scurvy,  and  in  the 
infections  and  intoxications.  Interstitial  and  follicular  hemorrhages  may 
form  hematomata. 

Oophoritis,  or  inflammation  of  the  ovary,  may  originate  by  the 
hematogenous  distribution  of  bacteria,  but  is  most  frequently  caused  by  in- 
fectious agents  (streptococci,  staphylococci,  gonococci,  etc.),  which  ascend 
to  the  ovary  from  the  uterus  and  tubes.  Puerperal  infection  is  the  cause  in 
nearly  all  cases.  It  may  also  occur  in  consequence  of  lymphogenic  exten- 
sion of  inflammations  from  neighboring  organs,  as  perimetritis,  peritonitis, 
etc. 

The  early  stages  of  the  inflammation  are  characterized  by  hyperemia  and 
inflammatory  edema  of  the  organ,  which  becomes  much  enlarged,  soft,  juicy, 
and  contains  numerous  hemorrhagic  infiltrations.  Round-cell  infiltrations 
are  very  common  in  the  interstices  of  the  tissue,  and  occasionally  form  small 
abscesses.  In  rare  instances  fair-sized  abscesses  may  occur.  The  follicles 
are  particularly  aff'ected,  and  when  suppuration  forms,  the  chief  feature  of 
the  process,  the  purulent  collections  correspond  to  follicular  dilatation  and 
destruction.     In  rare  cases  an  entire  ovary  may  be  transformed  into  a  sac  of 
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pus  surrounded  by  a  thick  but  easily  lacerable  encasement  of  edematous 
fibrous  tissue. 

Oophoritis  usually  terminates  by  absorption,  the  purulent  as  well  as  the 
serous  and  hemorrhagic  contents  being  thus  taken  up  after  the  acme  of  the 
inflammation  has  passed.  Small  abscesses  usually  become  surrounded  by 
fibroconnective-tissue  encapsulations  and  may  be  found  long  afterward. 

Rarely  the  abscesses  rupture  into  the  abdominal  cavity,  producing  peri- 
tonitis. If,  however,  the  gonococci,  streptopocci,  or  other  pyogenic  organ- 
isms in  the  pus  have  died,  the  pus  is  sterile  and  rupture  of  the  abscesses  is 
without  ill  effect.  In  rare  cases  the  inflammation  of  the  ovary  is  fatal 
through  general  septic  infection. 

Inflammations  of  the  ovary  may  be  described  as  oophoritis  serosa,  oopho- 
ritis hmmorrhagica,  oophoritis  necrotica,  and  oophoritis  purulenta,  according 
to  the  appearances  presented. 

Acute  oophoritis  is  sometimes  caused  in  the  infectious  diseases,  such  as 
typhoid  fever,  cholera,  etc.,  by  hematogenous  germ-distribution,  but  depends 
chiefly  upon  puerperal  infection  through  the  genital  organs.  Rare  cases  of 
necrotic  oophoritis  are  said  to  have  resulted  from  arsenic,  phosphorus,  and 
other  poisonings.  Acute  oophoritis  sometimes  terminates  in  a  chronic  con- 
dition characterized  by  cicatricial  tissue  formation  and  contraction. 

Chronic  oophoritis  is  characterized  by  the  formation  of  fibroconnective 
tissue  and  by  contraction.  It  leads  to  induration,  cicatrization,  and  con- 
traction of  the  ovary.  It  must  be  remembered,  however,  that  the  changes 
characteristic  of  the  affection  are  all  in  a  certain  sense  normal  to  the  ovary, 
and  that  from  the  time  it  reaches  sexual  maturity  until  death  there  is  an  un- 
interrupted series  of  follicular  enlargements,  ruptures,  and  proliferations  by 
which  the  ovary  ultimately  becomes  transformed  into  a  diminutive,  dense, 
fibrous,  scarred  organ,  the  normal  stroma  of  which  is  almost  entirely  trans- 
formed into  connective  tissue  and  no  longer  contains  ovules. 

Peri=oophoritis  is  of  frequent  occurrence  from  disturbances  occurring 
within  the  ovary  itself,  as  well  as  from  inflammation  of  the  surrounding 
structures.  The  capsule  of  the  organ  seems  to  lose  its  epithelial  covering 
and  to  become  thickened,  indurated,  and  deeply  scarred  where  follicular 
ruptures  have  taken  place.  Fibrin  sometimes  exudes  upon  the  surface,  glu- 
ing the  organ  to  surrounding  tissues,  to  which  it  may  adhere  strongly  by 
newly  formed  fibrous  bands.  The  contraction  of  the  capsule  reduces  the 
size  of  the  ovary,  and  the  density  of  its  structure  prevents  the  rupture  of 
follicles  which  necessarily  dilate  and  form  cysts. 

Follicular  cysts  of  the  ovary  result  from  an  abnormal  development 
of  the  Graafian  follicles,  which,  when  ripe,  instead  of  rupturing  and  dis- 
charging the  contained  ovules,  continue  to  enlarge  after  the  death  of  the 
ovule  'itself.  The  cause  of  the  enlargement,  which  may  affect  one  or 
many  follicles,  is  supposed  to  be  an  abnormal  resistance  of  the  capsule, — 
tunica  albuginea, — probably  depending  upon  previous  peri -oophoritis. 
The  condition  is  seen  chiefly  during  the  period  of  sexual  activity,  and,  as 
a  rule,  a  number  of  follicles  are  enlarged  at  the  same  time.  The  contents 
are  usually  fluid,  clear,  and  limpid  in  character,  but  may  be  mixed  with 
blood.  As  the  cysts  enlarge,  the  mutual  pressure  not  infrequently  causes  the 
intermediate  tissue  to  atrophy,  so  that  single  large  cysts  may  form  from  several 
small  ones.  Single  large  cysts  also  form  from  the  dilatation  of  single  folli- 
cles. As  the  cysts  enlarge  the  ovarian  tissue  is  attenuated  more  and  more 
until  the  tension  and  pressure  cause  its  ovules  and  unripe  follicles  to  dis- 
appear, transforming  it  into  a  mere  appendage.  The  cysts  usually  show  an 
epithelial  lining  and  occasionally  may  contain  numbers  of  ovules. 

The  cysts  may  become  as  large  as  a  man's  fist,  or  even  as  large  as  a 
44 


690  DISEASES  OF  THE  REPRODUCTIVE  SYSTEM. 

child's  head.  When  the  walls  are  very  thin,  rupture  and  discharge  of  the 
contents  into  the  abdominal  cavity  may  occur,  this  accident  usually  being 
harmless.  Rupture  may  also  occur  into  a  Fallopian  tube,  producing  a  tubo- 
ovarian  cyst.  When  the  lower  end  of  the  tube  is  unaltered  by  disease, 
tubo-ovarian  cysts  may  periodically  evacuate  through  the  uterus. 

Cysts  of  the  parovarium  occur  from  increased  exudation  into  its 
tubules,  which  latter,  in  consequence,  becomes  much  dilated.  These  cysts 
are  situate4  in  the  broad  ligament,  and  the  fluid  contained  within  them  is 
clear  and  limpid. 

Tumors  of  the  Ovary. — Tumors  of  the  ovary  are  peculiar  in  that  the 
great  majority  of  them  are  cystic.  Of  1388  ovarian  tumors  studied  by  Ols- 
hausen,  only  137  were  solid.  Solid  tumors  are  usually  small  and  benign ;  many 
of  them  are  discovered  only  at  autopsy,  so  that  the  great  majority  of  the  ovarian 
tumors  that  present  themselves  clinically  are  cystic.  The  difference  between 
the  simple  follicular  cysts  already  described  and  the  cystic  tumors  is  that  the 
former  occur  in  the  ovarian  tissue  and  the  latter  in  the  morbid  growths.  These 
cysts  may  develop  concomitantly  with  the  tumor  as  essential  elements  of  its 
structure,  or  be  subsequently  formed  within  it  by  colliquation.  Probably  the 
majority  of  the  ovarian  cysts  are  of  the  former  class,  and  are  properly  placed 
among  the  cystic  adenomata.  The  solid  portions  of  the  tumors  consist  of 
embryonal  or  sometimes  well-formed  connective  tissue,  which  may  closely 
resemble  spindle-cell  sarcoma  if  the  tumors  be  of  rapid  development.  The 
elements  from  which  the  cysts  are  formed,  according  to  the  accepted  etiology, 
take  their  origin  from  the  Pflilger' s  tubes  of  the  embryo. 

When  examined  critically,  the  tumors  can  be  divided  into  two  groups : 
simple  cystoma  and  papuliferous  cystoma  {q.  7'.). 

Aside  from  the  difference  in  the  origni  of  these  cysts  and  the  fact  that, 
they  occur  in  a  neoplastic  stroma,  there  is  a  histologic  difference  that  sepa- 
rates them  from  the  follicular  cysts.  They  are  not  mere  dilated  follicles,  but 
each  is  surrounded  by  a  dense  fibrous  tissue,  upon  which  is  a  vascular  mem- 
brana  propria  supporting  the  glandular  elements.  The  epithelium  is  usually 
columnar  in  type,  and  in  rare  instances  is  ciliated.  As  the  tumor  continues 
to  grow  new  glandular  tubules  are  constantly  formed  in  the  walls  of  the 
already  existing  cysts,  and  in  their  turn  become  cystic ;  hence  nearly  all  the 
tumors  are  multilocular.  As  the  cysts  increase  in  size,  atrophy  of  the  walls 
causes  them  to  unite  and  remnants  of  tlie  former  septa  often  hang  like  papil- 
lary outgrowths  or  long  villi  from  the  cyst-walls.  This  should  be  remembered 
lest  an  erroneous  diagnosis  of  papuliferous  cyst  be  made. 

The  tumors  vary  in  size,  sometimes  weighing  over  100  pounds.  They 
are  commonly  as  large  as  a  cocoanut,  and  are,  as  a  rule,  rounded  growths, 
smooth  on  the  surface,  and  attached  to  the  body  by  a  pedicle  of  small  size, 
which  represents  the  ovarian  ligament,  or  in  some  cases  the  broad  ligament 
with  the  ovarian  vessels.  Adhesions  may  form  between  the  tumor  and  sur- 
rounding organs. 

The  cysts  contain  clear  limpid  fluid  or  dense  colloid  jelly.  As  a  rule, 
the  contents  are  adhesive  and  gelatinous.  They  may  be  colorless  or  yel- 
lowish or  bluish-white  in  color.  Eichwald  finds  the  chief  ingredients  to  be 
albumin-peptone,  paralbumin,  and  metalbumin.  The  small  cysts  contain 
colloid,  mucin,  and  mucipeptone.  Paralbumin  is  found  by  Hammarsten  to 
be  a  mixture  of  albumins,  chiefly  serum-albumin,  with  metalbumin,  which, 
because  of  its  relationship  to  mucin,  he  calls  pseudomucin.  Pseudomucin 
differs  from  mucin  in  that  it  is  not  acted  upon  by  acetic  acid,  while  mucin 
is  precipitated. 

The  papilliferous  cystoma  is  a  multilocular  cyst  from  the  walls  of  which 
papillary  outgrowths  of  various  size  occur.     Marchand  restricts  the  definition 
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SO  as  to  make  it  apply  only  to  tumors  whose  papillary  processes  carry  ciliated 
epithelium.  There  may  be  but  few  of  the  papillae,  and  they  may  be  of  small 
size,  but  usually  they  are  numerous  and  dendritic,  and  may  completely  fill 
the  cysts.  This  papillary  formation  may  make  it  easy  to  mistake  the  cystic 
for  solid  tumors.  Both  cyst-walls  and  papillary  projections  are  covered  with 
columnar  epithelium  in  which  goblet  cells  are  sometimes  numerous.  The 
contents  of  the  cysts  resemble  in  other  particulars  that  of  the  simple  cystoma, 
and,  like  them,  are  produced  by  the  cells.  Pseudomucin  is  said  to  occur 
less  frequently  in  papuliferous  cysts  than  in  simple  cysts. 

The  simple  cystoma  is  a  benign  tumor,  though  the  papillary  cystoma 


Fig.  312. — Cystoma  of  the  ovary.  The  organ  is  divided  by  a  longitudinal  section,  one 
half  being  shown  in  the  illustration.  Many  of  the  cysts  are  distinctly  shown,  some  of  them 
being  filled  with  colloid  material. 


with  marked  activity  of  growth  is  likely  to  be  malignant  and  occasion 
abdominal  metastases.  The  more  active  the  growth  of  the  tumor  and  the 
greater  the  rapidity  of  the  growth  of  its  cells,  the  more  malignant  its  ten- 
dency. Indeed,  in  some  cases  the  cells  develop  so  rapidly  as  to  fill  up  the 
surrounding  space  and  produce  a  condition  histologically  resembling  carci- 
noma. Ziegler  applies  the  name  cystoma  papilliferum  carcinomatosum  to 
tumors  of  this  kind.  The  rapid  growth  of  the  epithelium  causes  it  to  out- 
grow the  confines  of  the  cyst  and  to  rupture  its  surrounding  walls,  after 
which  it  sometimes  develops  as  a  cauliflower-like  mass  upon  the  surface  of 
the  tumor. 

Rarely,  concentric  calcareous  bodies  occur  in  the  walls  of  the  papillif- 
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erous  c>sts  and  sometimes  in  the  papillae.  They  consist  chiefly  of  carbonate 
of  lime. 

It  is  not  known  whether  the  histogenesis  of  the  papillary  tumor  with 
ciliated  epithelium  is  identical  with  that  of  the  simple  cystoma  or  not. 

A  curious  modification  of  the  papuliferous  tumor  is  that  seen  affecting 
sometimes  one  but  usually  both  ovaries,  in  which,  instead  of  the  papillary 
growths  developing  in  cysts  in  the  body  of  the  tumor,  they  are  chiefly 
superficial  or  even  entirely  superficial,  the  tumor  itself  being  solid.  Just 
how  this  modification  occurs  or  from  what  histologic  elements  it  takes  its 
development  is  not  clear.  That  the  tumor  is  identical  with  the  cystic 
form  seems  evident  from  the  fact  that  it  is  of  villous  character,  that  the 
epithelial  cells  are  frequently  ciliated,  that  the  stroma  and  villi  frequently 
contain  the  concentric  calcareous  bodies,  and  that  the  tumor  is  likely  to 
undergo  the  carcinomatous  development  already  described  and  give  metas- 
tasis to  the  abdominal  organs. 

Dermoid  cysts  are  more  frequent  in  the  ovary  than  in  any  other  organ. 
(See  Dermoid  Cysts.) 

Carcinoma  of  the  Ovary. — Carcinoma  of  the  ovary  may  develop  inde- 
pendently of  any  preexisting  tumor.  In  such  cases  it  is  supposed  to  have 
its  histogenesis  directly  in  the  cells  of  Pfliiger's  tubes  or  in  the  follicles.  It 
is  peculiar  in  that  it  occurs  at  any  age  and  is  frequent  in  youth  and  child- 
hood. It  causes  the  ovary  to  become  transformed  into  an  enlarged  nodular 
mass  from  which  the  follicles  speedily  disappear.  When  examined  micro- 
scopically, it  presents  the  usual  histologic  appearances.  The  tumor  may 
affect  both  ovaries  simultaneously  and  symmetrically.  It  may  be  dense  and 
firm — scirrhus — or  soft  and  cellular — encephaloid.  Not  infrequently  myxo- 
matous degeneration  occurs  in  the  carcinoma  cells  ;  sometimes  in  the  stroma. 
The  tumor  is  metastatic. 

Colloid  carcinoma  of  the  ovary  sometimes  occurs. 

Wilms  and  others  have  seen  squamous  epithelioma  develop  from  dermoid 
cysts  of  the  ovary. 

Carcinoma  of  the  ovary  is  malignant,  gives  rapid  metastases  to  the 
abdominal  organs,  and  causes  death  in  a  short  time. 

Secondary  carcinoma  of  the  ovary  is  almost  unknown.  When  neighbor- 
ing viscera  are  the  seat  of  carcinoma,  the  ovary  is  rarely  invaded.  This,  no 
doubt,  indicates  an  independent  lymphatic  supply. 

Fibroma  sometimes  occurs  in  the  ovary.  It  may  be  single  or  multiple. 
Its  origin  is  referred  by  some  to  overgrowth  of  the  corpora  fibrosa. 

Large  fibrosarcomata  involving  the  entire  ovary  occasionally  occur. 
These  tumors  usually  correspond  in  shape  to  the  ovary,  but  are  large  and 
sometimes  nodular.  There  are  sometimes  gland-like  elements  present  in  the 
fibrous  tissue — adenofibroma. 

Chondroma  does  not  occur  independently  of  teratoid  combinations. 

Fibromyoma  has  been  described,  but  probably  occurs  only  as  a  teratoid 
combination. 

Sarcoma  is  a  rare  primary  tumor  of  the  ovary.  Both  the  round-cell  and 
spindle-cell  forms  occur,  angiosarcoma  being  most  frequent.  The  tumor  is 
likely  to  undergo  myxomatous  degeneration.  It  is  usually  mildly  malignant 
in  disposition,  and  not  prone  to  give  wide-spread  metastasis.  Sarcoma  in 
the  ovary  is  quite  likely  to  be  bilateral  and  may' be  congenital.  Doran  saw 
bilateral  sarcoma  of  the  ovary  in  a  three-months'  fetus. 

Large  round-cell  sarcoma  is  more  frequent  than  the  small  round-cell 
form.  Combinations  of  roinid-cell  and  spindle-cell  forms  are  by  no  means 
rare.  Epithelial  glandular  tissue  is  occasionally  found  in  sarcomata — 
adenosarcoma. 
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The  tumors  may  become  very  large.  They  usually  form  smooth,  rounded, 
more  or  less  indented  or  nodular  tumors,  without  a  disposition  to  infiltration. 
Metastasis  is  sometimes  rapid,  but  is  often  delayed. 

The  sarcoma  tissue  usually  invades  the  ovary,  separating  and  disorganiz- 
ing its  tissue  so  that  the  follicles  and  ovules  before  their  destruction  may 
seem  to  lie  in  the  tumor  tissue.  CoUiquaiion  cysts  are  frequent  in  these 
tumors. 

Endothelioma  sometimes  occurs. 

Cavernous  angioma  is  very  rare  in  the  ovary. 

Parasites  of  the  ovary  are  rare.    Echinococcus  cysts  have  been  observed. 

DISEASES  OF  THE  FALLOPIAN  TUBES. 

Congenital  malformations  of  the  Fallopian  tubes  are  usually  associated  with  malforma- 
tions of  the  uterus.  During  the  period  between  the  eighth  and  twelfth  weeks  of  embryonal 
life  the  lower  portions  of  Miiller's  ducts  coalesce,  and  form  a  single  tube,  of  which  the  lower 
part  becomes  the  vagina,  the  upper  part,  the  uterus.  In  the  fourth  or  fifth  month  the  uterus 
begins  to  grow  out  on  the  sides,  forming  the  horns  with  which  the  Fallopian  tubes  connect. 
These  horns  later  become  incorporated  with  the  body  of  the  organ.  Malformations  of  the; 
tubes  depend  chiefly  upon  malformations  of  the  uterus.  Thus,  if  one  horn  of  the  divided' 
uterus  of  the  fifth  month  should  alone  develop,  the  other  horn  remaining  rudimentary,  its 
Fallopian  tube  might  be  either  perfectly  formed  or  also  hypoplastic,  or  even  reduced  to  a 
simple  fibrous  cord.  Absence  of  the  tubes  is  rare  except  in  cases  of  very  defective  develop- 
ment of  the  sexual  organs.  In  rare  cases  the  tubes  are  separated  from  the  uterus  and  open  at 
both  ends  into  the  abdominal  cavity.  The  tubes  may  in  rare  cases,  be  simple  fibrous  cords ; 
in  other  cases  they  may  be  atresic  at  the  lower  end,  or  in  rarer  cases,  constricted  or  closed  at 
the  middle  part. 

Hyperemia  of  the  tubes  occurs  with  the  advent  of  menstruation,  at  the 
time  of  follicular  rupture,  and  perhaps  during  coitus.  Slight  hemorrhage 
may  result  from  the  congestion,  and  the  blood  may  pass  from  the  tubes  into 
the  abdominal  cavity. 

The  tubes  are  usually  symmetrically  affected  because  of  the  relation  they 
bear  to  the  uterus.  In  physiologic  conditions  the  nervous  impulses  affect 
both  tubes  simultaneously.  In  the  infectious  diseases  caused  by  the  entrance 
of  micro-organisms  from  the  uterus,  the  infectious  agents  enter  both  tubes. 
Exceptions  are  occasionally  seen. 

Salpingitis,  or  inflammation  of  the  Fallopian  tube,  is  probably 
always  infectious,  and  results  from  the  entrance  of  micro-organisms  into 
the  uterine  end  of  the  tube.  It  follows  endometritis,  especially  puerperal 
endometritis,  and  gonorrhea.  Infection  may  occur  through  the  fimbriated 
end  in  pelvic  peritonitis.  The  micro-organisms  associated  with  salpingitis 
are  those  ordinarily  associated  with  suppuration,  especially  the  gonococcus. 

A.  Martin  bacteriologically  studied  376  cases  and  succeeded  in  demonstrating  the  gono- 
coccus in  76 ;  streptococci  and  staphylococci  in  50 ;  pneumococci  in  7 ;  and  Bacterium  coli 

communis  in  i.  l,-  1    j   i.  ■    r 

From  numerous  bacteriologic  examinations  it  seems  to  be  established  that  gonococci  often, 
if  not  usually,  die  out  comparatively  early,  leaving  the  accidentally  present  pyogenic  bacteria 
to  carry  on  the  suppuration  for  a  time.  Later  these  also  disappear,  so  that  the  exudates  in 
cases  that  have  persisted  for  a  long  time  are  usually  sterile. 

Salpingitis  no  doubt  originates  as  a  catarrhal  inflammation  of  the  mucous 
membrane  of  the  tube,  and  is  accompanied  by  an  exudation  which  may  be 
mucous,  mucopurulent,  purulent,  or  hemorrhagic,  according  to  its  severity. 
Occasionally  diphtheritic  inflammations  are  observed.  They  are  usually 
associated  with  wide-spread  necrosis  of  the  epithelium.  The  products  of  in- 
flammation probably  at  first  escape  into  the  uterus,  where,  if  the  infection  of 
the  tube  has  been  primary  and  no  preliminary  endometritis  existed,  an  in- 
flammation of  mild  severity  may  occur,  or  the  secretion  being  too  thick  to 
escape  readily  through  the  small  uterine  end  of  the  tube,  ascends  and  escapes 
upon  the  fimbriae,  ovary,  etc.,  causing  inflammation.     This  external  inflam- 
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mation  has  an  important  bearing  upon  the  subsequent  changes,  for  the  peri- 
toneum becomes  coated  with  a  fibrinous  exudate  and  adhesions  form  between 
the  ovary  and  tube,  between  the  tube  and  the  uterus,  and  later  between 
the  fimbriae,  which  are  drawn  in  toward  a  common  center  and  cemented 
together,  so  that  in  time  the  upper,  funnel-shaped,  open,  fimbriated  extremity 
of  the  tube  becomes  smooth,  rounded,  and  closed.  Closure  from  inflam- 
mation, kinks,  etc.,  is  followed  by  retention  of  the  exudate  and  dilatation 
of  the  tube.  The  tube  becomes  greatly  increased  in  diameter,  elongated, 
and  serpentine.  Its  surface  is  usually  smooth  and  may  be  free  from  adhe- 
sions. 

Various  names  are  applied  to  the  condition  according  to  the  character  of 
the  exudate.  Thus  to  cases  associated  with  considerable  hemorrhage  into 
the  tubal  cavity  the  name  hematosalpinx  or  hematoma  tubarum  is  applied. 
Cases  with  purulent  exudate,  which  are  most  common,  are  csHie^A  pyosalpinx, 
and  cases  with  seromucous  exudate  or  with  a  watery  exudate  are  called 
hydrosalpinx. 

It  may  be  inferred  that  the  larger  the  serous  collection,  the  older  it  is. 
In  some  cases  hydrosalpinx  attains  the  size  of  a  goose-egg ;  pyosalpinx  is 
usually  smaller. 

The  changes  are  not  all  confined  to  the  mucous  membrane  of  the  tube. 
The  mucosa  and  subjacent  tissues  become  greatly  edematous,  and,  in  pyosal- 
pinx, much  infiltrated  with  pus.  Here  and  there  the  lining  epithelium  is 
lost,  and  denuded  rugae  have  their  surfaces  brought  into  contact,  so  that  sub- 
sequent union  may  occur,  with  the  inclusion  of  larger  or  smaller  spaces  lined 
with  epithpliura,  the  secretion  of  which  may  cause  subsequent  dilatation  into 
cysts. 

The  muscular  walls  early  become  edematous,  subsequently  hypertrophy, 
and  by  lymphogenic  metastasis  often  contain  numerous  small  miliary 
abscesses.  When  the  lesions  become  old  and  considerable  hydropic  disten- 
tion occurs,  the  walls  yield  and  become  attenuated,  transparent,  and  mem- 
branous in  character.  There  is  always  danger  that  fluid  collections  will 
rupture  from  softening,  from  suppuration,  or  from  the  accidental  pressure 
of  the  pelvic  and  abdominal  organs.  In  the  purulent  form  of  the  disease 
such  an  accident  may  be  fatal  from  ensuing  septic  peritonitis ;  in  the  stage 
of  hydrops  it  may  be  of  little  importance.  The  perforation  may  take  place 
into  a  pseudomembranous  surrounding  sac,  caused  by  a  previous  perisalpin- 
gitis ;  or  in  more  rare  instances  may  occur  through  the  wall  of  the  bladder 
or  rectum,  which  has  been  united  to  the  tube  by  inflammatory  adhesions. 

Peri-oophoritis,  pelvic  peritonitis,  and  perimetritis  may  be  secondary  to 
salpingitis.  ' 

Salpingitis  is  nearly  always  bilateral  and  symmetric,  but  may  be  a  little 
more  advanced  on  one  side  than  on  the  other. 

Tuberculosis  of  the  Fallopian  tube  is  a  rather  rare  affection,  not  occurring 
oftener  than  in  2  to  8  per  cent,  of  cases  examined  by  different  authors. 
Williams  found  tuberculosis  in  8  per  cent,  of  the  tubes  removed  for  chronic 
inflammatory  conditions  at  the  Johns  Hopkins  Hospital.  The  disease  occurs 
both  in  children  and  adults,  and  is  usually  bilateral,  though  it  may  affect  one 
tube  only.  In  the  majority  of  cases  it  is  probably  secondary  to  chronic 
tuberculosis  of  the  lungs  and  other  organs.  Primary  tuberculosis  of  the 
genital  organs  is  more  common  in  men  than  in  women. 

The  tuberculous  infection  may  be  favored  by  preexisting  pyosalpinx,  for, 
according  to  Williams,  it  is  not  infrequent  for  tubercle  bacilli  and  gonococci 
to  occur  simultaneously  in  the  tube. 

Tuberculosis  of  the  tubes  in  the  form  of  scattered  miliary  tubercles  may  also 
occur  in  general  miliary  tuberculosis,  or  may  succeed  peritoneal  tuberculosis 
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in  the  form  of  minute  tubercles  scattered  over  the  serous  and  mucous  sur- 
faces, or  of  more  or  less  circumscribed  cheesy  infiltrations  between  the 
isthmus  and  ampulla  of  a  tube.  The  discharge  of  tuberculous  material  into 
the  uterus  may  lead  to  its  secondary  infection  and  establish  tuberculous 
endometritis. 

Tuberculosis  salpingitis  is  usually  associated  with  firm  adhesions  between 
the  tube  and  ovary,  and  secondary  invasion  of  the  ovary  is  frequent  Pri- 
mary tuberculosis  of  the  Fallopian  tubes  is  always  of  hematogenous  origin. 
j.^^yPj'''^  ***  ^^^  Fallopian  tube  is  rare  and  characterized  by  gummata  and 
diffuse  fibrous  thickenings,  which  are  said  to  reduce  the  tube  to  a  contracted 
fibrous  cord.  Syphilis  of  the  tubes  has  been  observed  in  fetuses  and  in  new- 
born infants. 

Tumors  of  the  Fallopian  tube  are  of  infrequent  occurrence. 
Fibroma,  myofibroma,  and  fibromyoma  are  said  to  occur,  usually  from  the 
outer  layers  of  tissue.  They  are  sometimes  sessile,  sometimes  pedunculated, 
and  may  be  calcified.  In  the  broad  ligament  of  the  tube  small  lifomata 
are  occasionally  observed.  Papilloma .  of  the  mucous  membrane  has  been 
observed.  Carcinoma  of  the  tubes  may  be  primary  or  secondary,  the  former 
originating  in  small  papillary  outgrowths  of  the  mucous  membrane,  the  latter 
'  in  primary  carcinoma  of  the  uterus  or  ovary.  Sarcoma  is  rare.  It  is  usually 
of  the  spindle-cell  variety,  though  round-cell  sarcoma  has  been  observed. 
Ohlfeld  and  Marchand  have  observed  syncytioma  malignum  in  the  tube. 

Cysts. — The  most  frequent  cysts  are  caused  by  tubular  distentions  and 
have  already  been  described  as  hydrosalpinx.  Next  to  these  are  cystic  rem- 
nants of  Miiller's  ducts,  which,  attached  by  a  more  or  less  elongated  pedicle, 
are  found  connected  to  the  fimbriated  extremity,  broad  ligament,  and  tubes' 
They  are  about  the  size  of  a  pea  or  bean.  The  little  cysts  are  usually  called 
after  their  ^^'S.crihe.x— hydatids  of  Morgagni.  They  are  present  in  about  20 
per  cent,  of  cases  examined. 

DISEASES  OF  THE  UTERUS. 

Congenital  anomalies  of  the  uterus  are,  for  the  most  part,  the  result 
of  the  irregular  fusion  of  Miiller's  ducts.  These  embryonal  structures  unite 
between  the  eighth  and  twelfth  weeks  of  embryonal  life  to  form  a  simple 
canal,  the  upper  part  of  which  becomes  the  uterus,  the  lower  part,  the  vagina. 
If  one  of  Miiller's  tubes  fails  to  develop  and  unite  with  its  fellow,  or  does  so 
imperfectly,  the  result  is  a  unilateral  deformity.  If  both  Miiller's  ducts 
develop  imperfectly,  a  rudimentary  organ  results.  If  the  ducts  fail  to  unite, 
double  uterus  and  sometimes  double  vagina  may  occur.  If  the  ducts  unite 
except  at  the  fundus  of  the  future  uterus,  an  organ  with  two  horns  occurs. 
In  this  manner  are  formed  : 

TJtems  infantilis — the  result  of  imperfect  development  with  perfect  fusion  of  Miiller's 
ducts — is  characterized  by  very  diminutive  size  of  the  uterus  and  the  vagina.  The  ovaries  and 
tubes  rarely  attain  more  than  rudimentary  development. 

Uterus  unicornis,  or  unilateral  asymmetry  of  the  uterus,  is  formed  by  failure  of  one  of 
Miiller's  ducts  to  attain  perfect  development.  The  result  is  a  small  uterus  with  a  marked 
obliquity  of  position,  and  having  an  auxiliary  attachment  in  the  form  of  a  fibrous  cord  or 
atypical  muscular  canallated  mass  at  the  lateral  margin  near  the  fundus,  representing  the  unde- 
veloped Miiller's  duct.  The  ovary  of  the  well-developed  side  is  normal  and  functional,  that 
of  the  other  side,  rudimentary.  The  condition  does  not  interfere  with  conception  and  preg- 
nancy, except  that  the  rudimentary  attachment  may  rupture  in  the  middle  months  of  preg- 
nancy. 

Uterus  bicornis  results  from  failure  of  Miiller's  ducts  to  coalesce  properly.  It  may  appear 
in  an  unusual  prominence  of  the  horns  of  the  uterus  and  in  an  unusually  marked  tendency 
to  division  at  the  fundus,  with  a  suggestion  of  a  partition  formed  by  downward  extension  of 
the  muscular  and  endometrial  substance  at  the  fundus.  This  is  not  very  rare,  and  is  called 
titerus  arcuatus.  A  more  marked  degree  of  separation  is  characterized  by  complete  division 
of  the  body  of  the  uterus  by  a  median  anteroposterior  vertical  septum,  the   cervix  being 
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normal.  This  form  is  known  as  uterus  hicomis  unicoUis.  In  still  more  pronounced  separa- 
tion, called  uterus  bicornis  duplex,  the  uterus  is  divided  throughout  its  entire  length  by  a  cen- 
tral partition,  so  that  there  are  two  separate  uterine  cavities.  The  horns  of  such  uteri  are 
distinctly  divergent ;  the  vagina  is  tisually  normal.  The  most  marked  condition  is  uterus 
bicornis  duplex  separatus,  and  is  characterized  by  complete  separation  of  both  uterus  and 
vagina  by  a  median  septum  or  partition,  there  being  two  vagina  and  two  uteri  . 

Atresia  of  the  uterus  is  closure  or  obstruction  of  the  internal  or  external 
OS.  It  is  sometimes  congenital,  sometimes  acquired.  In  the  latter  case  it 
may  depend  upon  inflammatory  swelling  of  the  cervix  or  upon  cicatricial 


Fig.  313. — a,  Uterus  didelphys ;  b,  uterus  bicornis;  c\  uterus  bicornis  unicoUis;  d,  uterus 
duplex  septus ;  e,  uterus  subseptus  unicoUis  (Beyea). 

union  of  the  tissues  of  the  cervix  in  cases  of  ulceration,  laceration,  etc.,  with 
loss  of  the  epithelium. 

When  the  obstruction  is  congenital  or  depends  upon  causes  that  operate 
in  early  life,  no  particular  results  are  observed  until  about  the  time  of  puberty, 
when  the  menstrual  function  apparently  does  not  develop.  In  reality  men- 
struation does  occur,  but  the  blood  is  prevented  from  escaping  by  the  cervical 
obstruction  and  collects  in  the  uterus.  In  the  atresic  conditions  of  middle 
life  the  same  is  tnie :  the  menstrual  blood  is  retained  and- collects  within 
the  uterus,  causing  it  to  distend  into  a  large  blood  cyst  or  hematometra. 
Immense   collections   of  blood  amounting  to  a  number  of  liters  are   thus- 
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formed  and  the  uterus  greatly  distended.  The  walls  of  the  organ  are  usually 
rather  thick.  The  retained  bloody  fluid  is  thick,  gelatinous,  dark  red,  and 
clear. 

If  the  obstruction  be  at  the  external  os,  the  uterus  becomes  spheric  in 
shape  ;  if  at  the  internal  os,  pear  shaped.  If  the  external  os  be  closed  and 
the  internal  os  rigid,  an  hour-glass  enlargement  may  be  observed. 

Atresia  may  terminate  in  rupture  of  the  uterus  and  the  discharge  of  its 
contents  into  the  abdominal  cavity,  the  bladder,  or  the  rectum,  to  one  of 
which  the  uterus  has  previously  become  adherent.  Rupture  into  the  peri- 
toneum is  usually  fatal ;  rupture  into  the  bladder  or  rectum  results  in  the 
liberation  of  the  retained  blood  and  the  establishment  of  a  fistula. 

When,  as  sometimes  happens,  atresia  develops  in  the  postmenstrual 
period  as  a  result  of  catarrhal  inflammation,  etc. ,  a  watery  accumulation  slowly 
occurs  and  a  hydrometra  is  formed.  The  obstruction  in  these  cases  is  usually 
at  the  internal  os ;  the  accumulation  is  usually  not  very  great,  and  the  uterine 
wall  is  thinned. 

In  rare  cases  of  retained  fluids  decomposition  occurs  from  the  accidental 
entrance  of  bacteria,  and  may  lead  to  the  production  of  gas — physometra. 
The  occlusion  of  the  os  uteri  sometimes  depends  upon  persistent  inflammatory 
disease,  as  tuberculosis,  etc.,  and  leads  to  distention  of  the  uterine  cavity 
with  pus.     This  condition  is  called  pyometra. 

Malposition  of  the  uterus  is  an  important  pathologic  condition.  The 
displacements  usually  consist  of  angular  flexions  in  the  body  of  the  uterus, 
or  upward,  downward,  forward,  or  backward  dislocations,  these  latter  being 
readily  permitted  by  the  uterine  -attachments  and  probably  all  being  modifi- 
cations of  the  physiologic  movement  of  the  organ  to  escape  the  pressure  of 
a  distended  bladder  or  rectum.  The  attachments  of  the  broad  ligaments 
make  lateral  displacements  of  the  uterus  almost  impossible. 

Anteflexion  of  the  uterus  is  sometimes  congenital,  sometimes  acquired.  It  is  usually  seen 
in  virgins,  though  sometimes  in  women  who  have  borne  children.  It  is  characterized  by  the 
formation  of  an  angle  at  the  junction  of  the  neck  and  body  of  the  uterus — about  the  position 
of  the  internal  os,  the  open  part  oi  the  angle  being  in  front.  The  angle  may  be  acute.  The 
cause  cannot  be  determined  iii  many  cases,  but  it  may  depend  upon  nutritive  disturbances  in 
the  uterine  wall.  It  may  sometimes  depend  upon  the  presence  of  neoplasms,  Antefiexions 
are  clinically  marked  by  vesical  symptoms  depending  upon  the  pressure  of  the  body  of  the 
uterus  upon  the  bladder,  and  dysmenorrhea  resulting  from  obstruction  of  the  outlet  of  the 
uterus  by  the  kink. 

Anteverslon  is  forward  displacement  of  the  body  of  the  uterus  without  change  in  its 
shape,  the  body  of  the  organ  falling  forward,  the  cervix  backward.  It  usually  occurs  in  mul- 
tiparas, and  seems  to  depend  upon  a  relaxed  condition  of  the  ligaments  and  neighboring 
tissues. 

Retroflexion,  the  analogue  of  anteflexion,  signifies  a  backward  angulation  of  the  uterus, 
which  takes  place  near  the  internal  os  and  permits  the  fundus  to  fall  downward  and  backward 
toward  Douglas'  pouch. 

Retroversion,  strictly  speaking,  means  backward  displacement  of  the  uterus  without 
angular  deformity.  As  the  fundus  falls  backward,  the  cervix  usually  ascends  forward. 
Although  any  one  of  these  conditions  may  occur  independently  of  the  others,  they  are,  as  a 
rule,  combined,  so  that  it  is  extremely  common  to  observe  retroflexion  with  retroversion.  This 
brings  the  fundus  of  the  organ  into  the  rectovaginal  pouch,  and  causes  it  to  press  upon  the 
posterior  wall  of  the  vagina.  All  grades  of  the  condition  exist,  the  mild  degrees  probably 
causing  no  symptoms,  the  exaggerated  cases  usually  being  associated  with  rectal  troubles  and 
pelvic  discomfort. 

The  exact  cause  is  usually  not  discoverable.  Constipation,  uterine  relaxation,  and  malnu- 
trition after  parturition  are  probably  frequent  causes.  Neoplasms  often  cause  both  retrover- 
sion and  retroflexion.  Lateral  displacements  of  the  uterus  may  depend  upon  congenital  mal- 
formation, as  in  cases  of  uterus  unicornis  ohliquitas,  congenitally  short  broad  ligament,  and 
inflammatory  disease  of  the  broad  ligament  with  adhesion.  The  lateral  deviation  is  usually 
associated  with  retroversion. 

Elevation  of  the  uterus  {elevatio  uteri)  is  comparatively  rare  and  is  always  a  secondary 
process  resulting  from  upward  pressure  of  tumors,  etc.,  in  the  pelvis,  or  upward  tugging  from 
large  extrapelvic  tumors,  fibrous  bands,  etc.  When  the  uterus  is  considerably  elevated,  the 
vagina  is  elongated. 

Descent  of  the  uterus,  prolapsus,  or  procidentia  is  of  frequent  occurrence  and  gradual 
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development.  It  seems  to  result  from  general  relaxation  of  the  supporting  tissues  and  from 
enlargement  of  the  uterus  from  congestion  or  other  causes.  The  descent  occurs  into  the 
vagina,  which,  as  the  uterus  gradually  becomes  lower  and  lower,  is  invaginated  and  inverted. 

Slight  degrees  of  descent  are  spoken  of  as  prolapse  or  simple  sinking ;  more  marked 
degrees,  as  incomplete  descent,  and  the  extreme  degrees,  complete  descent.  In  the  complete 
•descent,  ot procidentia,  the  uterus,  having  descended  the  entire  length  of  the  vagina,  appears 
.  at  the  vulva  (ectropion),  surrounded  by  the  inverted  vaginal  tube.  The  orifice  of  the  os  is 
usually  directed  posteriorly,  and  the  cervix  is  commonly  the  seat  of  mechanical  injuries  and 
erosions.  Endometritis  with  marked  uterine  mucous  discharge  is  usually  present.  The  vagi- 
nal mucous  membrane  is  much  thicker  than  normal  and  may  become  horny. 

Uterine  procidentia  is  rarely  a  simple  process,  and,  especially  where  inflammatory  adhe- 
sions have  formed,  portions  of  the  bladder  (cystocele)  or  of  the  rectum  (rectocele)  are  tugged 
upon  by  the  uterus  and  drawn  with  it  into  the  sac. 

Inversion  of  the  utei-us  is  an  accident  which  sometimes  occurs  during  labor,  or  from  com- 
bined atrophy  of  the  uterine  wall  and  the  pressure  of  neoplasms.  It  consists  in  invagination 
of  the  uterus  into  itself,  so  that  the  entire  body  of  the  organ  projects  through  the  os  with  the 
•endometrial  covering  outside  and  the  serous  covering  inside.  Inversion  is  sometimes  accom- 
panied by  more  or  less  complete  descent  of  the  uterus,  so  that  the  inverted  organ  projects 
from  the  vulva.  The  condition  can  occur  only  in  great  relaxation  combined  with  pressure  and 
contraction.  Sometimes  it  is  caused  by  traction  upon  the  umbilical  cord  in  the  effort  to 
extract  the  placenta,  or  by  too  marked  downward  pressure  in  Crede's  method  of  extracting  it. 

Atrophy  of  the  uterus  is  constant  in  old  age,  provided  no  diseased  con- 
dition be  present  to  prevent  it.  The  uterus  becomes  small,  pale,  dense  in 
consistence,  and  is  found  to  have  an  enlarged  cavity  that  not  infrequently 
contains  considerable  mucus.  In  senile  atrophy  the  endometrium  as  well  as 
the  muscular  structure  suffers  and  its  glands  may  largely  'disappear. 

The  atrophy  is  physiologic,  and  does  not  come  on  until  the  climacteric  is 
passed.  It  is  supposed  to  depend  upon  local  anemia  from  vascular  changes. 
Physiologic  atrophy  of  the  uterus  is  also  observed  during  the  puerperium 
■when  the  hypertrophied  organ  is  reduced  in  size  by  involution.  The  retro- 
gressive changes  occur  in  the  muscle-fibers  chiefly,  but  also  affect  the  vessels, 
the  connective  tissues,  and  the  endometrium.  According  to  measurements 
made  by  Kolliker,  the  reduction  is  not  only  in  number,  but  also  in  the  size 
of  the  muscular  elements,  which  are  reduced  from  0.12/^  to  0.03 /*  in  the 
three  weeks  following  labor.  The  reduction  in  size  is  chiefly  by  fatty  meta- 
morphosis of  the  muscle-fibers.  The  process  is  complete  in  about  four  months 
( Birch- Hirschfeld),  though  the  occurrence  of  metritis  and  endometritis  may 
■delay  it.  In  some  cases  the  involution  goes  on  to  an  extreme  degree,  and 
instead  of  bringing  the  uterus  to  its  normal  size,  continues  to  reduce  it  more 
and  more  until  it  becomes  as  small  as  the  senile  uterus,  and  loses  the  greater 
part  of  its  muscular  tissue.  In  some  cases  the  reduction  in  size  is  so  great 
as  to  cause  the  condition  to  be  described  as  hyperinvolution  or  disappearance 
of  the  litems.  It  is  likely  to  follow  frequent  pregnancies  at  short  intervals. 
Pathologic  conditions  that  predispose  to  atrophy  are  chiefly  associated  with 
pressure  and  deformity,  such  as  result  from  morbid  growths,  inflammatory 
tands,  etc.  Chronic  catarrhal  endometritis  and  tuberculosis  of  the  endome- 
trium are  said  in  many  cases  to  be  followed  by  atrophy. 

Hypertrophy  of  the  uterus  may  be  general  or  local. 

General  hypertrophy  is  of  rare  occurrence,  the  majority  of  enlarged 
uteri  being  due  to  inflammation  or  neoplasms.  During  pregnancy  the  uterus 
undergoes  a  true  simple  and  numerical  hypertrophy,  with  considerable  in- 
crease in  size  and  great  increase  in  the  number  of  the  muscular  elements. 
The  vessels  and  the  endometrium  also  greatly  increase  in  size. 

Local  hypertrophy  of  the  uterus  usually  affects  the  cervix,  and  varies 
in  the  appearances  presented.  It  may  affect  one  or  the  other  lip  of  the 
cervix,  producing  an  asymmetric  enlargement,  or  may  affect  the  entire  portio 
-vaginalis,  causing  it  to  descend  into  the  vagina.  In  some  cases  the  uterus 
prolapses ;  in  others  it  remains  normally  fixed  and  the  enlarged  cervix  con- 
tinues its  growth  and  descent  until  it  fills  the  vagina  and  projects  from  the 
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vulva  as  a  cylinder  which  much  resembles  a  penis  with  a  central  opening— 
the  OS.  Sometimes  the  condition  is  mistaken  for  prolapsus.  At  other  times 
the  supravaginal  portion  of  the  cervix  hypertrophies  and  descends,  pushing 
the  vagma  before  it ;  or  perhaps  it  is  pulled  down  by  a  prolapsed  vagina. 
In  cases  of  this  kind  the  bladder  and  the  rectum  may  also  be  tugged  upon 
and  prolapsed. 

Hypertrophy  of  the  supravaginal  portion  of  the  cervix  is  said  to  be  more 
frequent  than  of  the  portio  vaginalis.  Hypertrophy  of  the  median  portion 
of  the  cervix  may  follow  prolapse  of  the  anterior  vaginal  wall.  The  hyper- 
trophied  anterior  lip  presses  upon  the  anterior  wall  of  the  vagina,  forces  it 
downward  and  backward,  and  produces  a  diverticulum  of  the  posterior  wall 
of  the  bladder.  The  enlarged  posterior  lip  of  the  cervix  in  these  cases  is 
generally  foundin  the  vagina,  and  covered  by  the  prolapsed  vaginal  wall. 

Degenerations. — Fatty  metamorphosis  of  the  muscular  tissue  of  the 
uterus  is  seen  in  very  severe  infections,  especially  in  typhoid  fever  and 
cholera,  and  in  certain  intoxications,  notably  by  phosphorus.  This  fonn  of 
degeneration  also  occurs  during  involution  after  parturition,  being  then  phy- 
siologic. 

In  fatty  metamorphosis  the  uterus  is  of  a  grayish-yellow  color,  of  soft, 
flabby,  lacerable  consistence,  and  is  sometimes  marked  by  punctate  hemor- 
rhages. 

Amyloid  disease  is  rare.  When  it  affects  the  muscle-fibers,  it  causes  the 
uterus  to  become  large,  pale,  and  translucent.  It  may  affect  the  vessels  of 
the  organ  without  invading  the  muscular  tissue.  The  characteristic  iodin 
reaction  will  determine  the  extent  of  the  lesion. 

Anemia  of  the  uterus  seems  to  be  comparatively  unknown  except  in 
senile  endarteritis  associated  with  senile  atrophy.  One  might  almost  say 
the  uterus  was  normally  anemic,  so  pale  is  its  structure  and  so  meager  its 
blood-supply. 

Hyperemia  of  the  uterus  may  be  active  in  the  early  stages  of  menstrua- 
tion and  in  pregnancy.  The  uterus  is  enlarged,  softened,  rich  in  blood,  and 
contains  injected  vessels  on  the  surface.  The  secretion  of  the  endometrial 
glands  is  usually  increased.  Reflex  conditions  and  malpositions  also  cause 
hyperemia  of  the  uterus. 

Hyperemia  or  Congestion  of  the  Endometrium. — This  condition,  which  is  pathologically 
characterized  by  the  presence  of  an  unusually  active  blood-supply,  is  clinically  characterized  by 
a  thin,  serous,  seromucous,  and  sanguinolent  discharge.  When  chronic  and  the  glands  much 
hypertrophied,  there  may  be  typical  leukorrhea.  The  condition  is  in  all  probability  somewhat 
akin  to  menstruation,  in  that  the  endometrium  is  thickened,  its  blood  vessels  distended,  its  sub- 
stance infiltrated  with  serum  and  blood,  and  its  glands  stimulated  to  unusual  activity.  The 
escape  of  blood  corpuscles  probably  takes  place  by  diapedesis.  The  discharge  occasioned  is 
varied  according  to  the  degree  of  glandular  activity,  the  amount  of  transudation,  and  the  dia- 
pedesis of  corpuscles.  When  fragments  removed  by  the  curet  are  examined  microscopically, 
the  surface  membrane  is  unaltered,  the  glands  normal  or  enlarged,  the  stroma  irregularly  infil- 
trated with  blood  corpuscles,  and  numerous  leukocytes  in  the  interstitial  tissue,  wandering  to 
the  epithelium  at  times  and  even  insinuating  themselves  between  the  cells  so  as  eventually  to 
reach  the  surface.  In  very  chronic  cases  there  may  be  hyperplasia  of  the  endometrium,  mul- 
tiplication of  the  glands,  and  polypoid  excrescences  of  the  mucous  membrane;  or,  as  in  other 
chronic  congestions,'  there  may  be  changes  of  an  atrophic  nature. 

Etiology. — The  causes  of  hyperemia  are  numerous.  The  congestion  may  depend  upon 
such  physiologic  causes  as  result  from  natural  or  unnatural  stimulation  of  the  sexual  organs; 
or  it  may  depend  upon  reflex  causes,  as  in  diseases  of  the  adnexa  with  congestion  of  the 
uterus.  Uterine  displacements  and  neoplasms  may  also  become  causes  of  uterine  congestion 
by  preventing  the  proper  return  of  the  venous  circulation,  and  by  increasing  the  arterial  cir- 
culation, as  in  cases  of  interstitial  fibroids,  which  act  like  pregnancy  in  increasing  the  size  of 
the  uterine  sinuses,  and  in  submucous  fibroids,  which,  by  stimulating  the  uterus  to  contraction 
while  increasing  its  size,  cause  it  to  make  powerful  expulsive  efforts. 

Congestion  and  the  serosanguinolent  discharge  which  it  occasions  are  predisposing  factors 
to  infection  when  any  possible  occasion  arises.  When,  however,  bacteria  begin  to  operate 
upon  the  endometrium,  the  condition  changes  and  becomes  an  inflammation  instead  of  a 
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hyperemia.  When,  as  usually  happens,  the  bacteria  cease  their  operations,  after  j.  time  the 
original  condition  may  return  with  such  modifications  as  (he  destruction  of  tissue,  etc.,  shall 
effect. 

To  congestion  of  the  endometrium  must  be  referred  those  cases  of  continuous  bloody  dis- 
charge from  the  uterus  which  occur  during  the  climacteric. 

These  cases  may  depend  upon  causes  situated  within  the  spinal  centers  and  upon  irregular 
action  of  these  centers  in  performing  a  function  about  to  be  suspended.  The  cause  of  men- 
struation is,  of  course,  not  determined,  but  it  surely  does  not  depend  upon  causes  resident 
within  the  uterus,  as  it  ceases  when  the  ovaries  are  removed.  It  is,  therefore,  involved  in 
some  complicated  nervous  re  Hex  mechanism  associated  with  both  organs.  The  ordinary 
periodicity  of  menstruation  depending  upon  a  proper  operation  of  such  mechanism,  one  can 
understand  how  irregular  action  of  the  apparatus  may  entirely  check  the  menstrual  flow,  or 
maintain  it  indefinitely,  and  is,  therefore,  prepared  to  expect  that  when  it  is  about  to  cease 
altogether,  it  may  continue  intermittently  for  a  time. 

In  rare  cases  profound  general  anemia  may  be  associated  with  a  discharge  from  the  uterus 
which  is  of  a  mucous  or  mucopurulent  nature.  This  probably  depends  upon  a  hydremic  con- 
dition of  the  blood,  which,  no  longer  stimulating  properly  the  nervous  controlling  apparatus 
of  menstruation,  still  supports  glandular  activity  and  enables  the  uterine  glands  to  continue 
an  exalted  activity. 

Passive  hyperemia  is  seen  in  pronounced  malposition,  neoplasms,  etc., 
producing  obstruction  of  the  venous  channels.  It  may  also  occur  in  heart 
disease.  The  organ  is  enlarged,  enlarged  veins  appear  on  the  serous  sur- 
face, and  the  mucosa  is  reddened.  Hemorrhagic  exudates  occur  from  the 
endometrium,  which  is  usually  hyperplastic  and  its  glands  enlarged. 

Hemorrhage. —  Hemorrhage  from  the  uterus  is  physiologic  at  the  menstrual  periods,  and 
most  of  the  pathologic  hemorrhagic  conditions  of  the  organ  are  associated  with  modifications 
or  alterations  of  this  function.  Thus,  when  the  menstrual  periods  are  prolonged  and  the 
quantity  of  blood  lost  is  increased,  the  condition  is  described  as  vienorrhagia.  It  depends 
upon  a  variety  of  conditions,  most  of  which  are  associated  with  congestion  of  the  uterine 
walls  and  endometrium,  those  of  most  usual  occurrence  being  inflammation,  malposition, 
and  neoplasms.  When  menstruation  is  associated  with  pain,  the  condition  is  called  dysmen,' 
orrhea.     Dysmenorrhea  and  menorrhagia  are  frequently  combined. 

It  was  at  one  time  thought  that  at  the  menstrual  periods  the  entire  uterine  mucous  mem- 
brane was  destroyed  by  the  bloody  infiltration,  and  that  after  each  period  a  complete  regen- 
eration took  place.  This  view  is  not  compatible  with  modern  investigations  upon  the  subject, 
and  it  is  doubtful  whether  menstruation  under  normal  conditions  results  in  any  loss  of 
endometrium.  Under  pathologic  conditions,  however,  the  endometrium  is  occasionally  sepa- 
rated and  discharged  in  bits  and  shreds,  which  appear  in  the  flux.  Such  cases  are  known  as 
dysmenorrhcea  membranacea.  Sometimes  a  pseudomembranous  inflammatory  condition  is 
seen,  in  which  fibrin  is  disposed  as  a  surface  layer  upon  the  endometrium.  Rarely,  when 
examined  microscopically,  the  bits  of  membrane  are  found  to  consist  of  stratified  squamous 
epithelium,  probably  from  the  portio  vaginalis  of  the  cervix. 

Metrorrhagia  is  a  bloody  flow  from  the  uterus  occurring  independently  of  menstruation. 
Thus,  after  the  menopause  a  bloody  discharge  may  occur  and  persist,  or  during  sexual  life 
there  may  be  occasional  intermenstrual  hemorrhages,  or  a  constant  persistent  flow  intensified 
at  menstruation.  Metrorrhagia  depends  upon  both  constitutional  and  local  causes.  Of  the 
former,  may  be  mentioned  hemophilia,  scurvy,  and  various  infectious  diseases ;  of  the  latter, 
inflammations  and  neoplasms. 

Interstitial  hemorrhage  of  the  uterus  may  result  from  traumatism.  Sometimes  in  senile 
uteri  with  rigid  arteriosclerotic  vessels  rupture  occurs  and  is  followed  by  the  formation  of  a 
hematoma.     This  blood  cyst  is  usually  situated  in  the  posterior  wall  of  the  uterus. 

Blood  sometimes  escapes  from  the  surface  of  the  uterus  in  perimetritis  and  collects  in 
Douglas'  pouch,  forming  what  is  known  as  hcBmatocele  rectouterina.  Sometimes  it  enters  the 
vesico-uterine  excavation,  forming  ante-uterine  hematocele.  More  rarely  the  escaping  blood 
dissects  its  way  between  the  layers  of  the  broad  ligament. 

Inflammation  of  the  Uterus. — For  convenience  of  study  it  is  best 
to  consider  the  inflammatory  affections  of  the  uterus  as  affecting  its  lining 
mucous  membrane — endometritis ;  its  proper  muscular  structure — metritis; 
and  its  serous  covering — perimetritis. 

Inflammation  of  the  Endometrium.— ^ca^e  Endometritis .—Th\s  is  a  comparatively  rare 
affection  resulting  from  the  activity  of  bacteria.  Those  usually  seen  are  the  gonococcus  and 
Streptococcus  pyogenes.  The  disease  is  acute  and  accompanied  by  a  purulent  discharge  from 
the  uterus. 

Acute  endometritis  is  not  always  occasioned  by  local  infection,  but  at  times  occurs  in  the 
course  of  typhoid  fever,  cholera,  scarlatina,  and  diphtheria.  Diphtheritic  endometritis  caused 
by  the  true  Klebs-LofBer  bacillus  is  also  known.  It  is,  however,  probably  extremely  rare  ex- 
cept in  infections  following  childbirth  and  abortion. 
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Birch-Hirschfeld  states  that  an  acute  endometritis  occurs  in  the  course  of  certain  toxemias, 
such  as  poisonmg  by  phosphorus,  etc.  It  is,  however,  more  than  probable  that  instead  of  a 
true  acute  inflammation,  it  is  a  degeneration. 

Traumatic  injuries  by  instruments,  foreign  bodies,  etc.,  whether  septic  or  not,  produce  an 
acute  endometritis. 

Morbid  Anatomy. —Tha  morbid  anatomy  of  acute  endometritis  is  simple  and  interesting. 
The  membrane  is  swollen,  hyperemic,  and  ragged  from  desquamation  of  its  superficial  layers. 
The  surface  is  bathed  with  a  thick,  purulent  or  mucopurulent  secretion.  Small  hemorrhagic 
patches  are  described  by  some  observers.  The  disease  is  usually  much  more  distinct  at  the 
upper  part  of  the  uterus  than  at  the  cervix,  and  may  be  described  as  corporal  endometritis. 
Both  the  corpus  and  cervix  may  be  affected. 

Microscopically  the  lesions  consist  of  round-cell  infiltration  of  the  stroma,  desquamation 
of  the  surface  epithelium,  and  exudation  of  corpuscles  upon  the  surface  of  the  membrane. 
The  pus-corpuscles  are  found  in  larger  or  smaller  numbers  everywhere.  They  crowd  the 
interepaces  of  the  glandular  stroma,  squeeze  between  the  cells  of  the  surface  and  glandular 
epithelium,  not  infrequently  enter  the  cells  themselves,  where  they  appear  to  be  contained  in 
vacuoles,  and,  by  escaping  from  between  the  glandular  cells,  enter  their  secretions,  so  that 
they  have  a  mucopurulent  character  before  they  leave  the  alveoli. 

The  bacteria  causing  the  trouble  are  found  only  in  the  beginning  of  the  process.  Sec- 
ondary infections  with  modifications  may  occur  at  any  time. 

Acute  endometritis  usually  runs  a  course  of  moderate  duration,  with  a  tendency  to  spon- 
taneous recovery.  From  the  acute  cases,  however,  by  persistence  of  the  cause,  by  structural 
alterations,  and  because  of  nutritive  disturbances,  slightly  different  subacute  and  chronic  proc- 
esses may  develop. 

Chronic  Endometritis. — Chronic  endometritis  can  probably  be  diagnosticated  only  by 
careful  exclusion  of  other  pathologic  conditions.  It  is  probably  not  of  frequent  occurrence, 
though  nearly  every  uterine  condition  with  a  discharge  has  been  called  by  this  name. 

As  has  been  said,  the  disease  follows  the  acute  form  when  the  cause  of  inflammation  per- 
sists. It  is  occasioned  by  foreign  and  retained  bodies  in  the  uterus,  also  by  secondary  affec- 
tions engrafted  upon  congestion  of  the  uterus  and  endometrium.  As  a  diseased  condition,  there 
is  nothing  distinctive  about  it,  and  its  lesions  are  very  atypical. 

In  the  early  stages  there  is  some  round-cell  infiltration,  showing  that  the  process  has  origi- 
nally been  acute.  There  is  little  hyperemia,  yet  the  blood  vessels  are  full,  and  there  may  be 
some  extravasation  of  blood.  The  glands  are  prone  to  hyperplasia  or  hypertrophy  {glandular 
endometritis),  and  pour  into  the  cavity  of  the  organs  a  considerable  quantity  of  viscid,  slightly 
purulent  mucus.  Obstruction  of  the  glandular  outlets  is  followed  by  cystic  dilatation.  There 
may  be  signs  of  connective-tissue  hyperplasia  in  the  glandular  stroma.  As  in  other  forms  of 
chronic  inflammation  of  mucous  membranes,  there  may  be  occasional  papillary  or  polypoid 
excrescences  upon  the  surfaces  of  the  membrane. 

The  course  is  indefinite,  and  there  is  no  tendency  for  spontaneous  cure. 

In  the  very  chronic  cases  an  atrophic  condition  results  from  the  connective-tissue  prolifera- 
tion and  contraction,  by  which  the  glandular  tissue,  being  pressed  upon,  gradually  atrophies 
(interstitial  endometritis).  In  this  form  there  is  a  rather  frequent  obliterative  endarteritis,  by 
which  a  considerable  number  of  vessels  are  destroyed. 

Metritis  is  probably  always  of  infectious  origin.  Inasmuch  as  the  oppor- 
tunity for  the  occurrence  of  infection  is  far  greater  during  the  puerperium 
when  involution  of  the  uterus  is  in  progress,  the  passages  occupied  by  putres- 
cible  matters,  and  the  position  of  the  placenta  denuded  and  open  for  the 
entrance  of  bacteria,  the  greater  number  of  cases  occur  during  that  period. 

Etiology. — Acute  metritis  may  depend  upon  puerperal  infection  or  upon 
gonorrheal  infection  ;  or  may  follow  traumatic  damage  done  the  tissues  by 
gynecologic  instruments,  etc.     It  may  depend  upon  endometritis. 

Morbid  Anatomy. — The  uterus  is  enlarged,  congested,  soft,  plastic,  and 
infiltrated  with  the  inflammatory  exudate.  Microscopically,  the  chief  changes 
are  observed  along  the  blood  vessels  and  lymphatics,  where  a  round-cell  infil- 
tration, more  or  less  marked,  can  be  observed.  Here  and  there  small  ab- 
scesses may  be  seen.  The  muscle-cells  may  show  signs  of  degeneration.  In 
exaggerated  cases  of  puerperal  metritis  gangrene  of  the  tissues  may  occur. 
Thrombosis  of  the  uterine  sinuses  and  veins  is  common,  and  suppurative 
lymphangitis  is  frequent  in  and  about  the  organ. 

Chronic  metritis  is  usually  the  result  of  the  acute  form  of  puerperal 
metritis.  In  the  early  stages  the  uterus  is  enlarged.  Along  the  blood 
vessels  occasional  round-cell  infiltrations  and  growing  connective  tissue  may 
be  found.  As  the  disease  progresses  a  greater  amount  of  connective  tissue 
is  formed  in  the  intermuscular  septa  and  about  the  vessels,  and  by  its  con- 
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traction  presses  upon  the  muscular  substance,  which  atrophies.  The  outcome 
of  the  process  is  a  small,  firm,  dense,  and  pale  uterus.  The  peritoneal 
covering  is  usually  thickened  from  chronic  perimetritis. 

Occasionally  the  process  chiefly  affects  the  cervical  part  of  the  organ,  so 
that  it  and  the  os  become  greatly  swollen,  elongated,  and  enlarged.  The 
tissue  is  soft,  congested  at  first  and  indurated  later  on,  and  is  easily  mistaken 
for  carcinomatous  infiltration.  This  condition  is  sometimes  called  infarction 
of  the  OS  uteri. 

Perimetritis  is  a  local  form  of  peritonitis  which  affects  the  serous  cover- 
ing of  the  uterus.  It  occurs  as  a  result  of  puerperal  infection,  traumatic 
injury,  rupture  of  the  uterus,  neoplasms,  pyosalpinx,  salpingitis,  oophoritis, 
etc.  It  may  be  acute  or  chronic,  the  greater  number  of  cases  probably  being 
chronic  in  course.  The  acute  stage  is  frequently  characterized  by  a  pseudo- 
membranous exudate  that  may  partly  or  entirely  cover  the  uterus.  In  the 
more  wide-spread  cases,  more  correctly  described  as  pelveoperitonitis,  this 
exudate  extends  like  an  icing  over  the  uterus,  ovaries,  tubes,  broad  ligaments, 
and  neighboring  tissues. 

The  exudate  consists  at  first  of  fibrin,  but  is  soon  replaced  by  granulation 
tissue  and  the  original  agglutinations  which  form  between  neighboring  tissues 
and  give  place  to  firm  fibrous  adhesions.  These  adhesions  are  more  numerous 
and  dense  posteriorly  than  anteriorly,  and  very  often  obliterate  Douglas' 
pouch.  Displaced  or  prolapsed  organs  entering  the  inflamed  territory  be- 
come adherent,  and  not  infrequently  the  pelvis  is  filled  with  a  mass  of  organs 
and  tissues  so  intimately  adherent  as  to  be  with  difficulty  dissected  apart,  the 
whole  mass  covered  with  a  smooth  shining  covering  like  an  icing. 

Parametritis  is  a  name  given  by  Virchow  to  inflammations,  usually 
acute  in  origin,  which  occur  chiefly  during  the  puerperium  or  after  traumatic 
or  deep  ulcerative  lesions  of  the  uterus.  They  originate  in  the  uterus  and 
upper  part  of  the  vagina,  and  extend  to  the  broad  ligaments  and  pelvic 
cellular  tissue  ;  sometimes  to  the  retroperitoneal  cellular  tissue  and  to  the 
iliac  fossse  and  lumbar  region ;  rarely  over  the  bladder  and  lower  anterior 
abdominal  wall. 

Ulceration  of  the  cervix  uteri  usually  occurs  at  the  vaginal  portion, 
upon  the  surface  covered  with  squamous  epithelium. 

Erosion  of  the  cervix  usually  results  from  catarrhal  or  gonorrheal  endometritis  and 
the  escape  of  the  irritating  discharges  from  the  os  upon  the  vaginal  surface.  Lisfranc  has 
observed  the  erosions  occurring  in  consequence  of  herpetic  eruptions.  The  lesion  consists 
in  circumscribed  areas  of  denuded  tissue,  usually  excentrically  situated,  and  often  not  extended 
to  the  OS.  The  ulcer  is  a  simple  one,  its  base  consisting  of  denuded  tissue  infiltrated  with 
leukocytes. 

Granular  erosion  is  a  term  properly  applied  to  simple  erosions  or  ulcers  with  large  granu- 
lations upon  the  surface.  According  to  the  observations  of  Fischel  and  the  views  of  Cullen, 
this  term  should  be  restricted  to  casSs  in  which  no  actual  erosion  or  ulceration  is  present,  but 
in  which  because  of  previous  ulceration  or  inflammation  an  abnormal  relationship  between 
the  endometrium  and  cervical  squamous  epithelium  has  occurred  and  the  endometrium  with 
its  columnar  epithelium  and  glands  has  grown  down  and  out  upon  the  surface  formerly  or 
normally  covered  by  squamous  epithelium — a  form  of  metaplasia.  This  condition  is  always 
concentric — that  is,  the  eroded  area  surrounds  the  os  uteri. 

Clark's  phagedenic  ulcer  of  the  cervll  is  a  rapid  loss  of  substance  of  the  cervix,  extend- 
ing to  the  bladder  and  sometimes  to  the  rectum,  the  tissue  undergoing  necrosis  and  separating 
slowly.  It  was  thought  at  one  time  to  be  carcinomatous,  but  repeated  attempts  to  prove  it 
have  failed.     The  surrounding  tissue  is  not  inflamed. 

Traumatic  Injuries  of  the  Uterus. — Traumatic  lesions  of  the  uterus 
may  result  from  bodies  developed  within  the  uterus,  as  fetuses  and  neoplasms ; 
or  from  various  objects  accidentally  or  intentionally  introduced  from  without 
for  purposes  of  operation  or  for  the  production  of  abortion. 

The  instrumental  lesions  usually  consist  of  incisions,  lacerations,  or  punc- 
tures.    They  may  be  followed  by  perfect  recovery  in  aseptic  operations,  such 
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as  Cesarean  sections,  myomectomy,  etc. ;  or  may  be  followed  by  local  or 
fatal  peritonitis  in  cases  where,  through  accident  or  carelessness,  the  perfora- 
tion has  been  the  means  of  conveying  micro-organisms  to  the  peritoneum. 

Of  the  injuries  inflicted,  the  most  frequent  are  lacerations  of  the  vaginal 
portion  of  the  cervix  during  the  passage  of  the  fetus  through  its  canal,  or 
sloughs  following  prolonged  pressure  upon  the  soft  parts  by  the  resisting 
fetal  head. 

The  lacerations  of  the  cervix  do  not  readily  heal,  and  the  gaping  surfaces 
become  covered  by  spongy  or  exuberant  granulations,  so  as  to  produce  angry- 
looking,  red,  granular  ulcerations.  These  lesions  were  always  considered 
ulcerations  of  the  cervix  before  their .  true  nature  as  gaping  fissure  was 
pointed  out.  In  chronic  cases  there  are  always  considerable  inflamma- 
tion, swelling,  and  thickening  of  the  vaginal  portion  of  the  cervix.  Very 
chronic  cases  eventually  may  recover  by  the  formation  of  large  dense  cica- 
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Fig.  314. — Varieties  of  lacerations  of  the  cervix  uteri:  a.  Simple  ;  b,  double  ;  c,  multiple 

or  stellate. 

trices.  The  lacerations  vary  greatly  in  appearance  and  may  be  simple, 
double,  multiple,  or  stellate. 

The  pressure  sloughs  of  the  soft  tissues  that  result  from  detention  of  the 
head  in  its  passage  through  the  pelvis,  as  well  as  occasional  lacerations  down 
to  the  soft  parts  by  the  obstetric  forceps,  frequently  terminate  in  fistulcB  or 
urogenital  fistula. 

Urogenital  Fistulse. — These  are  named  according  to  the  cavities  they  con- 
nect. Thus  a  fistula  between  the  vagina  and  bladder  is  called  a  vesicovaginal 
fistula;  one  between  the  vagina  and  rectum,  a  rectovaginal  fistula.  In  this 
manner  may  occur  rectovesical,  vesico-uterine,  uretero-uterine ,  recto-uterine, 
recto-ureteral,  urethrovaginal,  vesico-uterovaginal,  and  other  fistulse.  The 
abnormal  communication  permits  the  passage  of  the  contents  of  one  viscus 
into  another  with  annoying,  injurious,  or  even  fatal  results.  Thus,  in  vesico- 
vaginal fistula  the  urine  escapes  from  the  vagina  and  soils  the  clothing  and 
excoriates  the  tissues.  In  rectovesical  fistula  fecal  matter  enters  and  infects 
the  bladder.  In  recto-ureteral  fistulse  the  infectious  contents  may  enter  the 
ureters  and  be  carried  to  the  kidneys,  where  they  occasion  fatal  infection. 

Tuberculosis  of  the  uterus  is  a  rare  affection  usually  affecting  the 
endometrium.  It  is,  in  most  cases,  secondary  to  tuberculosis  of  the  tubes. 
It  may,  however,  be  primary,  the  possibility  of  direct  infection  during  coitus 
always  suggesting  itself.  Endometrial  tuberculosis  is  sometimes  observed  in 
childhood. 

The  entire  endometrium  may  eventually  be  destroyed  and  transformed 
into  a  yellowish-white,  cheesy  mass.  The  os  uteri  is  sometimes  closed,  and 
the  uterus  dilated  with  a  collection  of  cheesy  ^^v^—pyometra.  Outlying 
tubercles  may  be  found  in  the  muscular  substance  of  the  organ.  Rare  cases 
of  tuberculosis  of  the  cervix  are  sometimes  observed. 

Syphilis  of  the  uterus  is  not  common.  The  primary  lesion  or  chancre 
is  sometimes  situated  upon  the  portio  vaginalis  of  the  cervix,  such  chancres 
being  more  frequent  upon  the  anterior  than  upon  the  posterior  lip  of  the 
cervix.  The  ulceration  is  sharply  circumscribed  and  has  infiltrated  borders 
and  a  brawny  base.     The  lesion  heals  with  the  formation  of  a  dense  stellate 
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scar.  Erosions  of  the  uterus  depending  upon  irritating  discharges  are  very 
frequent.  Gummata  sometimes  form  in  the  uterine  wall,  and  diffuse  chronic 
endometritis  is  common.  Birch-Hirschfeld  suggests  that  this  syphilitic  endo- 
metritis is  a  probable  cause  of  the  syphihtic  disease  of  the  placenta. 


Fig.  315.— Fibroid  tumors  of  the  uterus:  a,  Intramural;  b,  submucous;  c,  subperitoneal. 

Tumors  of  the  Uterus.— Fibroid.— This  very  common  tumor,  usually 
spoken  of  as  a  fibroid  tumor,  is  almost  invariably  a  muscular  tumor  with 
little  admixture  of  fibroconnective  tissue.  It  would  be  correct  to  speak 
of  it  as  a  fibromyoma,  and  in  many  cases  it  is  a  pure  leiomyoma.  Ziegler, 
however,  mentions  pure  fibroma  of  the  uterus.  The  tumors  occur  at  all 
ages  and  in  all  races,  the  negro  probably  being  more  predisposed  to  them 


Fig.  316, — Submucous  fibroid  in  the  uterus.  The  tumor  forms  a  large  mass  in  the  interior 
of  the  organ  whose  wall  is  much  attenuated  at  the  fundus.  The  cervix  is  nearly  normal  in  size, 
though  somewhat  altered  in  shape.   The  ovaries  and  tubes  which  are  still  attached  are  normal. 

than  the  Caucasian.     They  may  be  as  small  as  a  pea,  or  weigh  50  pounds, 
or  more. 

The  tumors  may  be  situated  in  the  muscular  body  of  the  uterus,  when 
they  are  said  to  be  mural,  intramural,  or  interstitial ;  beneath  the  endo-: 


niiSEASES   OF  THE   FEMALE  SEXUAL    ORGANS.  705 

metrium,  where  they  are  called  extramural  or  submucous ;  or  beneath  the 
peritoneal  covering  of  the  uterus,  extramural  or  subperitoneal. 

By  increasing  in  size  the  mural  fibroids  may  cause  the  greatest  imaginable 
deformity  of  the  uterus,  several  of  them  so  altering  its  shape  at  times  as  to 
make  it  unrecognizable  when  removed  from  the  body. 

The  submucous  fibroids  are  usually  situated  posteriorly  at  the  fundus. 
They  rarely  attain  very  large  size  because  of  the  contraction  their  presence 
stimulates  and  the  looseness  of  their  attachments  which  predisposes  to  ready 
detachment  and  removal.  They  are  sometimes  called  fibrous  polyps.  Such 
tumors  may  be  "born  "  entire,  and  spontaneously,  or  may  be  withdrawn  by 
forceps.  They  may  detach  from  the  uterine  wall  without  escaping  from  the 
uterine  cavity,  remaining  to  calcify  and  form  uteroliths  or  loose  calcareous 
bodies  in  the  organ. 

The  largest  fibroids  are  subperitoneal,  as  their  growth  is  neither  limited 
by  the  cavity  in  which  they  grow,  their  removal  facilitated  by  contractions, 
or  their  tissue  surrounded  by  the  unyielding  uterine  wall.  The  only  limit 
placed  upon  the  growth  of  a  subperitoneal  tumor  is  the  likelihood  that  it 
will  outgrow  the  nutriment  supplied  through  its  pedicle.  That  this  nutri- 
ment is  likely  to  fail  is  made  certain  by  the  fact  that  the  vessels  are  usu- 
ally small,  that  they  are  not  at  all  numerous  in  the  tumor,  and  that  fibroid 
tumors  are  commonly  calcified,  ossified,  or  have  undergone  mucous  degen- 
eration. ' 

The  formation  of  the  pedicle  depends  upon  traction  upon  the  tissues 
made  by  the  tumor  as  it  projects  from  the  uterine  wall.  It  consists  of  a 
small  amount  of  muscular  tissue,  some  vessels,  and  peritoneum.  In  cases 
where  the  pedicle  is  long,  it  is  likely  to  become  twisted  and  interfere  with 
the  nourishment  of  the  tumor,  and  by  becoming  more  and  more  attenuated, 
the  possibility  of  rupture  increases.  This  accident  is  not  uncommon  and  results 
in  the  formation  of  a  free  body  in  the  abdominal  cavity.  The  freed  tumor 
may  be  slowly  absorbed  or  may  calcify.  In  some  cases  before  rupture  of  the 
pedicle  the  growths  become  adherent  to  neighboring  organs  from  which  they 
derive  nourishment  through  the  vascularized  adhesions. 

The  cysts  in  fibroid  tumors  may  be  formed  by  degeneration  and  soften- 
ing of  the  tissues,  though  they  sometimes  depend  upon  lymphangiectasis. 

Fibroid  tumors  often  exist  for  a  long  time  without  the  knowledge  of  the 
patient.  The  submucous  fibroids  call  attention  to  their  existence  by  the 
occurrence  of  menorrhagia  and  metrorrhagia  resulting  from  the  hyperemia 
occasioned  by  their  presence.  They  sometimes  become  infected  and  may 
suppurate  or  even  become  gangrenous.  Interstitial  and  submucous  fibroids 
complicate  pregnancy  by  deforming  the  cavity  of  the  uterus  and  preventing 
its  dilatation.  They  may  also  afford  obstacles  to  the  passage  of  the  child. 
The  subperitoneal  'fibroids  are  least  liable  to  attract  attention,  although 
before  their  size  becomes  very  great  the  pressure  upon  the  bladder  or  rectum 
may  become  unbearable. 

Fibroid  tumors  are  very  commonly  multiple.  They  usually  occur  in  the 
corpus,  very  rarely  in  the  cervix. 

Lipoma  of  the  uterus  is  extremely  rare. 

Sarcoma. — About  2  per  cent,  of  the  malignant  tumors  of  the  uterus  are 
sarcomata.  They  usually  arise  from  the  connective  tissue  between  the  bundles 
of  muscular  tissue  and  about  the  vessels,  but  according  to  the  researches  of 
Van  Kahlden  and  Williams,  seem  also  to  occur  from  a  metaplasia  of  the 
muscle-cells  {myoma  sarcomatodes'). 

Sarcoma  of  the  myometrium  usually  occurs  in  the  corpus  of  the  uterus  and 
forms  rounded  nodes  of  varying  size  which  are  less  well  circumscribed  by 
encapsulating  connective  tissue  than  the  myofibroma.     The  color  of  the  cut 
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surface  is  grayish-white  and   the  consistence  soft  and  homogeneous,  quite 
unlike  the  dark,  fibrous,  dense  fibroids. 

Microscopically  they  are  composed  of  spindle-cells,  the  spindles  usually 
being  large  and  long.  Round-cell  forms  have  occasionally  been  seen. 
From  a  microscopic  examination  alone  the  diagnosis  of  this  tumor  presents 
many  difficulties,  for  the  cells  closely  resemble  those  of  rapidly  grow- 
ing muscle  tissue.  In  both  tissues  the  cells  are  large  spindles  with  oval 
or  spindle-shaped  nuclei  of  distinctly  vesicular  form.  The  nuclei  usually 
stain  similarly  with  the  ordinary  stains.     The  ends  of  the  cells  often  present 
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Fig.  317. — Sarcoma  of  the  body  of  the  uterus,  secondary  to  that  in  the  right  ovary.  The 
-uterus  is  considerably  enlarged.  Occupying  the  posterior  wall  is  a  new  growth  which  projects 
into  the  uterine  cavity,  forming  two  large  and  numerous  smaller,  sharply  defined,  smooth,  and 
faceted  nodules.  Their  shapes  and  relations  to  one  another  remind  one  somewhat  of  calculi. 
On  histologic  examination  it  is  found  that  the  surfaces  of  several  are  still  covered  by  the 
mucosa,  which  is,  of  course,  much  atrophied  (natural  size)  (H.  A.  Kelly). 

markings  suggestive  of  cross-striations.  There  is  no  visible  intercellular 
substance. 

Both  tumors  are  quite  avascular'  and  are  prone  to  undergo  myxomatous 
degeneration.  The  sarcoma  develops  more  rapidly  ;  both  tumors  develop  in 
middle  life.  The  sarcoma,  like  the  fibroid,  may  remain  interstitial,  or  may 
grow  in  one  or  the  other  direction,  becoming  subperitoneal  and  peduncu- 
lated or  submucous.  The  pedunculated  tumors  are  usually  nodular  in 
appearance  and  sometimes  distinctly  lobulated.  They  may  grow  into  the 
broad  ligament.  A  subperitoneal  sarcoma  may  become  as  large  as  a  gravid 
uterus. 

The  theory  that  sarcoma  of  the  body  of  the  uterus  occurs  in  consequence 
■of  sarcomatous  "degeneration"    of  fibroids  is  scarcely  acceptable.     They 
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usually  do  not  give  metastasis,  though  some  cases  of  pulmonary  secondary 
growths  are  recorded. 

Sarcoma  of  the  endometrium  springs  from  the  subepithelial  tissue  of  the 
endometrium.  The  differentiation  of  this  tumor  from  the  sarcoma  of  the 
myometrium  is  not  always  possible,  but  the  classification  is  useful  where 
applicable. 

Endometrial  sarcomata  may  occur  as  circumscribed,  sessile,  or  peduncu- 
lated nodes,  or  as  diffuse  infiltrations.  They  are  likely  to  occur  in  the 
neighborhood  of  the  cervical  canal,  and  not  infrequently  project  from  the 
external  os  as  good-sized,  nodular,  pale-colored,  spongy,  soft,  more  or  less 
vascular,  pedunculated  growths.  The  surface  is  usually  smooth,  and  may 
be  covered  with  a  mucopurulent  layer.  Sometimes  the  tumor  is  devoid  of 
vessels  and  prone  to  extensive  degeneration ;  sometimes  it  is  telangiectatic. 
Angiosarcoma  is  rare. 

The  diffuse  form  fills  up  the  cavity  of  the  uterus  with  a  whitish,  spongy, 
seminecrotic  mass,  accompanied  by  a  fetid  discharge. 

The  endometrial  sarcomata  may  be  composed  of  spindle-  or  round-cells, 


Fig.  318. — Condyloma  acuminatum  :  a.  Greatly  thickened  epithelial  layer;  B,  papilla 
with  arborescent  branching  (Ziegler). 

and  not  infrequently  contain  giant-cells.  Some  of  the  tumors  are  mixed 
and  contain  both  round-  and  spindle-cells. 

In  the  growth  of  the  endometrial  sarcomata,  endometrial  glands  are 
sometimes  caught  and  seem  to  proliferate,  suggesting  the  combination  of 
sarcoma  and  adenoma.  The  addition  of  the  epithelial  elements  is  probably 
purely  accidental,  and  has  no  special  significance. 

Spiegelber^ s  grape-like  sarcoma,  or  sarcoma  uteri  hydropidum  jpapillare, 
is  a  peculiar  tumor  observed  in  youth  and  childhood,  which  probabfy.has  its 
origin  in  embryonal  remnants  of  Wolff's  bodies.  The  tumor  makes  its 
appearance  at  the  cervix  and  upper  part  of  the  vagina  as  a  collection  of 
rounded,  grape-like  or  berry-like,  soft,  grayish  bodies,  which,  upon  micro- 
scopic examination,  show  round-  and  spindle-cells  in  a  more  or  less  advanced 
state  of  myxomatous  degeneration.  Sometimes  epithelial  tubules  are  present, 
sometimes  islets  of  cartilage,  sometimes  smooth  or  striated  muscular  elements, 
so  that  the  tumor  is  greatly  mixed  in  character.     It  is  malignant. 

Papilloma  of  the  cervix  uteri  is  rather  frequent.  It  appears  as  a  peduncu- 
lated, more  or  less  cauliflower-like  growth,  consisting  of  numerous  papillae 
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covered  with  stratified  pavement  epithelium.  It  occurs  chiefly  in  middle 
life,  and  may  be  multiple.  It  may  gather  the  uterine  discharges  in  its  sulci, 
their  putrefaction  causing  some  fetor. 


Fig.  319. — Squamous-cell  carcinoma  of  the  cervix;  finger-like  processes  arising  from  a 
common  stem.  Traversing  tiie  center  of  tlie  specimen  is  a  delicate  stem  of  connective  tissue, 
in  the  center  of  which  is  a  blood  vessel.  This  stem  gives  off  la'teral  branches,  which  liliewise 
contain  blood  vessels.  The  main  stem  is  covered  in  some  places  by  only  one  layer,  in  others 
by  many  layers  of  squamous  epithelium.  The  epithelial  cells  next  to  the  stroma  tend  to  be 
cuboidal.  The  epithelial  nuclei  throughout  are  fairly  uniform  in  size.  Near  the  left  lower 
corner  are  several  cross-sections  of  the  terminal  branches  or  fingers.  These  present  a  typical 
appearance  (X  80)  (Cullen). 


It  is  not  infrequent  to  find  the  tumor  growing  upon  the  wair  of  the 
vagina  as  well  as  upon  the  uterine  neck.  As  long  as  it  is  a  pure  excrescence 
it  is  a  benign  growth,  but  it  seems  to  be  commonly  accompanied  by  epithe- 
liomatous  infiltration  of  the  cervix. 
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Venereal  warts  or  condyloma  acuminata  also  occur  upon  the  neck  of  the 
uterus  and  vagina,  but  are  benign  in  nature. 

Squamous  epithelioma  of  the  cervix  is  the  most  frequent  malignant 
tumor  of  the  uterus.  It  usually  appears  between  the  thirty-fifth  and  fiftieth 
years  of  life,  upon  the  vaginal  surface  of  the  cervix,  not  infrequently  caus- 
ing cauliflower-like  papillary  excrescences  that  cannot  be  distinguished  in 
all  cases  from  the  simple  papilloma,  either  by  macroscopic  or  microscopic 
examination.  Clark's  cauliflower  growth  or  destructive  papilloma  is  one 
of  the  most  typical  forms,  the  excrescence  from  the  cervix  being  accom- 
panied by  a  more  or  less  wide-spread  epithelial  infiltration  of  the  tissues 
of  the   cervix.      The   excrescence  may   be  as  large   as   the   fist,    and   the 


Fig.  320. — -Adenocarcinoma  of  the  body  of  the  uterus.  The  cervix  is  greatly  enlarged^ 
but  its  vaginal  portion  is  intact.  Occupying  almost  the  entire  cervix  and  the  greater  part  of 
the  uterine  cavity  is  a  new  growth  presenting  a  coarsely  lobulated  appearance,  with  numerous 
clefts  between  the  elevations.  Springing  from  the  surface  at  a  few  points  are  delicate  finger- 
like outgrowths.  Laterally,  the  growth  has  extended  almost  to  the  broad  ligament  attach- 
ments, and  its  advancing  margin  is  sharply  defined.  The  uterine  mucosa  over  the  area  indi- 
cated by  a  is  apparently  still  intact,  but  the  surface  is  somewhat  uneven.  The  uterine  walls  in 
the  upper  part  of  the  body  present  the  usual  appearance.  Laterally,  the  uterine  arteries  are 
seen.  The'  body  of  the  uterus  is  free  from  adhesions,  and  the  tubes  are  apparently  normal. 
The  marked  involvement  of  the  cervix  naturally  suggests  a  cervical  origin  for  the  growth,  but 
histologic  examination  proved  that  the  majority  of  the  cervical  glands  were  normal,  and  that 
the  type  of  the  growth  corresponded  to  that  usually  found  in  the  body  (Cullen). 

infiltration  of  the  cervix  slight,  but  after  the  removal  of  the  former  the 
latter  remains  and  continues  to  infiltrate,  producing  a  new  excrescence  and 
sometimes  rapidly  invading  the  neighboring  tissues.  Sooner  or  later  the 
squamous  epithelioma  leads  to  the  formation  of  ulcers  which  slowly  and 
persistently  increase,  at  the  same  time  often  developing  papillary  outgrowths. 
The  tumor  tissue  is  pinkish  in  color  and  very  hard  and  dense.  In  tendency 
the  squamous  epithelioma  is  more  locally  destructive  than  metastatic.  It 
infiltrates  the  vagina,  bladder,  and  rectum,  and  occasions  hemorrhage,  per- 
foration, and  peritonitis. 

Histologically,  the  tumor  is  typical.     Epithelial  pearls  are  usually  absent, 
cases  in  which  they  occur  showing  unusual  keratin  production. 
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A  more  usual  form  of  squamous  epithelioma  of  the  uterus  arises  from  the 
portio  vaginalis  of  the  cervix,  and  is  without  the  papillary  growths  described. 


Fig.  321. — Adenocarcinoma  of  the  body  of  the  uterus :  o.  May  be  likened  to  a  main  stem 
from  which  arise  numerous  secondary  stems,  which  in  turn  give  off  delicate  terminals,  consist- 
ing entirely  of  epithelial  cells.  The  glands  may  be  divided  into  groups  a,  b,  c,  d,  and  e,  by  the 
stems  of  stroma  /,  g,  and  h.  The  stems  are  covered  by  several  layers  of  cylindric  epithe- 
lium, while  projecting  into  the  gland  cavities  are  long  slender  ingrowths  of  epithelium,  devoid 
of  stroma,  as  seen  in  /.  Very  delicate  ingrowths  consisting  merely  of  two  layers  of  epithelium 
are  seen  at  k  and  k.  At  /  the  epithelium  is  several  layers  in  thickness,  and  at  m  many  layers 
■with  leukocytes.  The  arborescent  character  of  the  growth  and  peculiar  gland  grouping  are 
characteristic  of  adenocarcinoma  (CuUen). 

It  begins  as  a  dense  infiltration  of  the  tissue,  in  the  cervical  canal,  just 
-within  the  external  os,  where  the  squamous  and  columnar  transformation 
occurs,  and  in  the  beginning  may  be  sharply  circumscribed.     The  cells  in- 
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filtrate  the  subepithelial  layers  of  the  mucous  membrane,  then  extend  into 
the  deeper  tissues.  The  extension  of  the  growth  is  progressive,  and  occurs 
in  a  downward  direction,  appearing  upon  the  vaginal  surface  of  the  cervix 
and  slowly  extending  to  the  vagina.  The  infiltration  is  followed  by  super- 
ficial necrosis  and  exfoliation,  and  soon  considerable-sized  ragged  ulcerations 
form,  the  surface  becoming  covered  with  fetid  decomposing  material.  The 
growth  extends  into  the  peri-uterine  loose  cellular  tissue  between  the  uterus 
and  bladder,  and  then  in  all  possible  directions,  with  inflammatory  and  sub- 


FlG.  322.— Adenocarcinoma  of  the  cervix  with  extension  to  the  polyp  (a)  and  to  both 
uterine  horns.  The  cervix  is  considerably  enlarged,  and  presents  a  rough,  uneven  surface,  due 
to  dome-like  elevations  varying  in  size  from  a  pin's  head  to  s  or  more  milhmeters  m  diame- 
ter, between  which  are  a  few  finger-like  projections.  The  growth  has  apparently. penetrated 
the  cervix  for  a  distance  of  from  2  to  10  millimeters,  and  on  one  side  has  advanced  almost  to 
the  cut  surface.  The  cervical  mucosa,  near  the  internal  os,  presents  the  usual  arborescent 
appearance  The  uterine  walls  are  slightly  thickened.  The  mucosa  of  the  posterior  wall  is 
apparently  normal.  Projecting  slightly  from  the  anterior  wall  is  a  polyp  (a)  (natural  size) 
(CuUen). 

sequently  neoplastic  unions  between  the  uterus  and  other  organs,  and  fre- 
quent fistulous  communications  between  the  uterus,  vagina,  bladder,  and 
rectum.  The  tumor  cells  also  distribute  through  the  lymphatics  to  the 
corpus  of  the  uterus,  to  the  iliac  lymphatic  glands,  and  later  to  the  mguinal, 
crural,  and  lumbar  glands.  Hematogenous  distribution  is  rare,  and  the 
disease  remains  local,  producing  the  most  wide-spread  pelvic  disturbance, 
and  death  through  accidental  hemorrhage,  peritonitis,  etc.,  rather  than  by 
generalization. 
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Squamous  epithelioma  of  the  body  of  the  uterus  is  very  rare  and  seen  only 
in  aged  individuals  in  which  metaplasia  of  the  endometrium — ichthyosis 
senilis  uterina — has  already  transformed  the  normal  columnar  epithelium 
into  a  squamous  form.  In  cases  with  considerable  associated  keratosis  dis- 
tinct epithelial  pearls  may  be  found. 

Adenoma  of  the  uterus  is  a  tumor  of  doubtful  existence,  unless  it  be 
correct  to  speak  of  the  papillary  hyperplasias  of  the  endometrium  seen  in 
polypoid  endometritis  as  adenomata,  or  look  upon  the  glandular  hyperplasias 
of  the  cervix  as  such.     Such  conditions  are  probably  benign. 


Fig.  323. — Adenocarcinoma  of  the  cervix  uteri.  Almost  the  entire  field  is  made  up  of 
the  main  trunks  a  and  b,  which  send  off  many  branches,  a'  and  b' .  c  indicates  cross-sections 
of  terminal  outgrowths.  The  stroma^  consists  of  elongate  cells  with  spindlershaped  nuclei. 
Covering  the  outer  surfaces  of  the  main  and  terminal  branches  are  layers  of  epithelium,  a 
single  layer  at  «,  several  at  d  (Cullen). 


Adenocarcinoma,  malignant  or  destructive  adenoma,  usually  originates 
from  the  posterior  wall  at  the  fundus  of  the  uterus.  It  is  sessile,  more  or 
less  invading  the  surrounding  endometrium,  and  covered  with  rounded, 
papillary  projections  where  not  ulcerated  or  necrotic.  The  tumor  consists 
essentially  of  glandular  elements  of  quite  typical  appearance,  which  invade 
the  subendometrial  and  muscular  tissues.  It  is  the  muscular  invasion  that 
separates  the  adenocarcinoma  from  the  non-malignant  glandular  outgrowths. 
The  muscular  invasion  may  attain  such  limits  as  to  be  followed  by  complete 
disintegration  of  the  muscularis  and  eventual  perforation  of  the  organ.  The 
number  of  glandular  elements  present  varies,  some  of  the  papillary  projec- 
tions consisting  solely  of  the  tubercles  and  blood  vessels.     Many  of  the  tubules 
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are  of  the  embryonal  type,  showing  crowded,  rapidly  growing  cells,  irregu-  • 
larly  arranged  upon  the  limiting  membrane. 

The  tumor  grows  from  the  tubular  glands  of  the  endometrium.  Its  ma- 
lignancy consists  chiefly  in  local  destruction,  metastasis  not  being  common. 

According  to  Birch-Hirschfeld,  it  is  correct  to  speak  of  the  tumor  as 
adenocarcinoma  only  when,  in  the  formation  of  new  epithelial  elements,  the 
cells  lose  their  relation  to  the  membrana  limitans  and  begin  to  infiltrate  the 
tissues  irregularly.  Up  to  that  time  the  tumor  is  malignant  or  destructive 
adenoma. 

Carcinoma  is  a  frequent  malignant  tumor  which  arises  in  the  corpus  of 
the  uterus  from  atypical  growth  and  development  of  the  endometrial  glands ; 
in  rare  cases  it  develops  from  the  cervical  glands.  It  is  a  cylindric  epithe- 
lioma— usually  an  adenocarcinoma.     The  tumor  may  be  soft  and  disposed  to 


Fig.  324. — Carcinoma  of  the  cervix  uteri  with  interstitial  fibroid  tumors :  a,  Ulcerated  and 
eroded  cervix ;  h,  fibroid  ;  c,  subperitoneal  fibroid  ;  d,  tube,  ovary,  and  hydatid  of  Morgagni. 


rapid  and  extensive  ulceration,  or  may  be  characterized  by  papillary  out- 
growths. The  course  of  the  tumor  has  already  been  sufficiently  described  in 
speaking  of  adenocarcinoma.  The  first  metastasis  is  usually  to  the  lumbar 
lymphatic  glands. 

Syncytioma  malignum,  or  deciduoma  malignum,  also  sometimes  called 
chorioepithelioma,  is  a  rare  and  peculiar  tumor  that  grows  at  the  site  of  pla- 
cental attachment  either  during  pregnancy  or  during  the  puerperium.  It 
forms  one  or  more  masses  of  dark-colored  spongy  tissue,  not  a  little  like 
the  placental  tissue  in  appearance,  and  shows  its  malignancy  by  metastatic 
growths  in  the  external  organs  of  generation,  in  the  lungs,  liver,  spleen,  and 
other  organs.     It  is  usually  fatal. 

The  histology  of  the  tumor  is  very  peculiar  and  interesting,  in  consequence 
of  the  embryonal  tissue  from  which  it  develops  and  the  unusual  opportunities 
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afforded  by  the  physiologic  and  anatomic  alterations  at  the  time  at  which 
it  occurs,  for  cellular  growth  into  blood  spaces.  The  villi  of  the  chorion 
and  placenta  are  covered  with  a  layer  known  as  the  syncytium,  supposed  to 
be  derived  from  the  trophoblast  of  the  primitive  embryo. 

Marchand,  whose  view  is  usually  accepted,  teaches  that  the  chief  cells  of 


Fig.  325. — Squamous-cell  carcinoma  of  the  cervix  with  loss  of  the  cervical  landmarks. 
Attached  to  the  outer  surface  of  the  fundus  on  both  sides  are  numerous  adhesions :  at  a  is  one 
of  these  containing  adipose  tissue.  The  entire  cervix  has  been  replaced  by  the  new  growth. 
The  lower  and  ragged  portion  consists  of  large  and  small  lobulated  masses.  The  growth 
stands  out  in  sharp  contrast  to  the  vaginal  and  uterine  tissue,  being  much  lighter  in  color. 
Laterally,  it  extends  to  the  vaginal  attachments  v  and  v' ;  upward,  it  reaches  to  the  internal 
OS.  The  uterus  is  considerably  enlarged,  and  its  walls  are  much  thickened.  The  mucosa 
appears  to  be  normal  (natural  size)  (CuUen). 

the  tumor  are  derived  from  the  syncytium.  The  cells  grow  in  masses  extend- 
ing into  the  blood  sinuses  and  vessels  of  the  surrounding  part  of  the  uterus, 
accompanied  by  thrombosis  in  the  sinuses  and  vessels,  and  a  wide-spread 
destruction  of  the  tissue.  The  growth  usually  shows  considerable  retrogres- 
sive change  in  the  form  of  myxomatous  degeneration  and  necrosis.  It  is 
almost  always  hemorrhagic. 
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As  the  cellular  extension  takes  place  into  the  blood  sinuses,  irregular 
masses  of  nucleated  protoplasm  are  formed  from  the  syncytial  cells.  In 
these  masses  large  nuclei  with  intense  staining  properties  are  said  to  multi- 
ply by  direct  division.  Other  cellular  masses  are  also  present,  consisting 
of  well-differentiated  cells  with  smaller  nuclei,  said  to  divide  by  karyo- 
kinesis.  In  these  cells  glycogen  drops  may  be  present.  Many  smaller  cells 
resembling  endothelial  cells,  and  some  still  smaller,  similar  to  lymphocytes, 
are  also  present,  there  being  no  regularity  in  the  distribution  of  any  of  the 
component  cellular  elements.  "  The  cellular  masses  grow  into  the  blood 
sinuses  and  also  into  the  intermuscular  tissue,  interrupting  the  blood  supply 
of  the  uterus  and  thus  contributing  to  secondary  degenerations,  etc. 

Cysts  of  the  uterus  sometimes  occur  from  softening  of  the  muscular 


Fig.  326. — Deciduoma  malignum. 

tissue — colliquation  cysts.  Retention  cysts  occur  at  the  cervix  from  obstruc- 
tion of  the  glands — cysts  or  follicles  of  Naboth.  Lymphangiectases  also 
sometimes  form  cysts  in  the  uterine  wall.  Dermoid  cysts  have  been  described 
by  several  writers.  Parasitic  cysts,  caused  by  the  cysticercus  and  echino- 
coccus,  are  recorded,  but  are  very  rare.  Sangalli  has  seen  a  uterus  with  a 
thickened  wall  occupied  by  numerous  small  serous  cysts.  The  condition 
appears  not  to  have  been  explained. 


DISEASES  OF  THE  VAGINA. 

Prolapsus  of  the  vagina  may  occur  primarily — that  is,  independently  of  changes  in  the 
other  organs;  or  it  may  be  secondary  to  displacements  and  descents  of  the  uterus,  bladder, 
■etc. 

The  primary  descent  of  the  vagina  depends  upon  relaxation  and  elongation  of  its  tissues 
and  descent  of  the  inferior  part  of  the  organ,  either  in  its  entire  circumference  or  in  its  anterior 
or  posterior  wall,  the  prolapsed  portion  projecting  between  the  lips  of  the  vulva. 

Cases  of  secondary  prolapsus  including  the  posterior  wall  of  the  bladder  and  carrying  it 
into  the  vagina  are  called  rectocele  vaginalis. 
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Fistulous  communications  between  the  vagina  and  neighboring  parts  may  result  from 
traumatic  injuries,  but  usually  depend  upon  lacerations,  pressure  sloughs,  and  other  injuries  as- 
sociated with  parturition.  Of  these  fistulas  may  be  mentioned  the  vesicovaginal,  rectovaginal, 
urethrovaginal,  and  the  ureterovaginal.  Fistulas  sometimes  also  result  from  the  rupture  of 
abscesses,  from  ulcerations  caused  by  calculi  and  malignant  disease,  and  from  operations. 

Fistulas  vary  greatly  in  size.  They  are  sometimes  so  small  as  to  be  almost  invisible,  and  allow 
only  gas  to  enter  from  the  rectum  or  an  occasional  drop  of  urine  to  escape  from  the  bladder ; 
or  they  may  be  so  large  that  alljthe  urine  escapes  through  the  fistula  instead  of  the  urethra,  or 
feces   constantly   enter   the   vagina.     Because   of  cicatricial   contraction    the  fistulae  become 


Fig.  327. — A  vesicovaginal  fistula  seen  irom  above,  resulting  from  a  squamous-cell  carci- 
noma of  the  cervix.  The  inner  urethral  orifice  is  normal,  but  just  posterior  to  it,  and  occupy- 
ing the  entire  Irigonum,  is  a  new  growth.  This  has  elevated  and  clearly  outlined  margins, 
and  consists  of  small, bosses.  The  urethral  orifices  are  indicated  by  the  small  catheters,  and 
are  seen  opening  directly  on  the  surface  of  carcinomatous  tissue.  Just  on  a  line  with  the  inner 
urethral  orifice,  and  almost  in  the  center  of  the  carcinomatous  tissue,  is  an  opening  which 
communicates  with  the  vagina.  It  has  been  caused  by  a  brealcing  down  of  the  carcinomatous 
tissue,  and  is  a  vesicovaginal  fistula  (natural  size)  (CuUen). 


smaller  as  they  grow   older  unless  other  conditions,  such  as  the  regular  entrance  of  urine  or 
feces,  keep  them  constantly  stretched. 

Traumatic  injuries  of  the  vagina  are  not  infrequent.  They  may  lead  to  inflammation, 
perforation,  laceration,  etc. ;  and  may  result  in  fistulas  or  in  cicatricial  contractions  and  de- 
formities which  constrict  or  even  obliterate  the  organ. 

Colpitis,  vaginitis,  or  inflammation  of  the  vagina,  is  a  frequent 
affection.  It  depends  upon  injuries  due  to  coitus  or  to  the  introduction  of 
foreign  bodies,  or  upon  the  action  of  introduced  medicaments,  as  carbolic 
and  nitrate  of  silver,  etc.  It  is  usually  caused  by  venereal  infection,  espe- 
cially gonorrhea. 
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Colpitis  is  generally  observed  during  adult  life,  but  is  occasionally  seen 
in  new-born  infants  and  little  girls,  probably  depending  upon  infection  from 
the  mother. 

Acute  catarrhal  colpitis  is  the  form  usually  seen.  It  is  characterized  by 
redness,  swelling,  relaxation,  and  exudation.  The  mucous  membrane  secretes 
abundant  mucus,  which  becomes  mixed  with  leukocytes  and  epithelial  cells 
before  being  discharged.  In  gonorrheal  infection  the  urethra  and  cervix  uteri 
are  usually  involved. 

Pseudomembranous  colpitis  sometimes  follows  the  use  of  antiseptic  douches  which 
destroy  the  upper  layers  of  epithelium  and  cause  them  to  exfoliate.  The  exfoliation  may  form 
a  true  cast  of  the  vagina. 

Diphtheritic  colpitis  is  a  violent  form  characterized  by  the  formation  of  a  coherent  layer 
of  exudate  upon  the  inflamed  mucous  membrane.  This  pseudomembrane  is  composed  of 
mucus,  fibrin,  epithelial  cells,  and  bacteria,  the  Klebs-Loffler  bacillus  being  not  infrequent  in 
cases  accompanying  pharyngeal  diphtheria.  Pseudomembranous  colpitis  also  occurs  in  other 
infectious  diseases,  such  as  typhoid,  scarlatina,  small-pox,  etc.  The  final  desquamation  of  the 
pseudomembrane  is  followed  by  erosions  and  ulcerations  that  heal  later. 

Dysenteric  colpitis  has  been  suggested  by  Eppinger  as  a  designation  for  vaginitis  resem- 
bling dysentery. 

Phlegmonous  colpitis  follows  the  most  severe  forms  of  infection  in  which  gangrenous 
inflammation  and  rapid  tissue  destruction  can  occur. 

Gummatous  colpitis  (colpitis  gummosa)  is  a  name  suggested  by  Winckel  for  a  peculiar 
condition  in  which  complete  exfoliation  of  the  upper  layers  of  the  vaginal  mucous  membrane 
occurs  at  regular  periods.  I  have  reported  a  case  of  this  condition,  however,  in  which  there 
was  no  history  of  syphilis. 

Epithelial  exfoliations  of  the  vagina  also  occur  in  consequence  of  astringent  and  caustic 
douches. 

Chronic  colpitis  may  succeed  the  acute  forms,  or  may  depend  upon  systemic  or  constitu- 
tional conditions.  Birch-Hirschfeld  notes  that  in  chronic  colpitis  the  vaginal  secretions,  like 
the  normal  secretions,  are  acid,  while  in  acute  vaginitis  they  are  alkaline.  In  the  chronic  dis- 
ease the  lesions  much  resemble  the  acute  catarrhal  form  :  the  mucous  membrane  is  hypcremic, 
swollen,  relaxed,  and  yields  a  creamy  exudate.  The  most  frequent  causes  of  chronic  vagi- 
nitis are  irritation  from  frequent  coitus  and  the  presence  of  pessaries  and  other  foreign  bodies. 
Papillary  hypertrophy  of  the  mucosa  follows  prolonged  vaginal  irritation,  and  may  be  so 
excessive  and  wide-spread  as  to  cause  narrowing  of  the  organ. 

Mycotic  colpitis  is  a  rare  result  of  the  entrance  and  growth  of  fungi.  As  the  vaginal 
secretion  is  normally  acid,  it  is  a  good  ground  for  the  development  of  parasites  if  once  a  foot- 
hold is  gained.     Leptothrix  and  oidiuni  are  the  most  frequent  parasites. 

Parasitic  colpitis  sometimes  results  from  the  presence  of  a  small  animal  parasite  known 
as  the  Trichomonas  vaginalis  ;  also  from  the  presence  of  the  Oxyuris  vermicularis. 

Tuberculosis  of  the  vagina  is  very  rare,  and  usually  secondary  to 
tuberculosis  of  the  uterus  or  vulva.  It  probably  occurs  in  consequence  of 
lymphatic  extension,  not  of  direct  implantation  from  tuberculous  discharges, 
the  acid  secretions  protecting  the  vaginal  tissues.  It  assumes  the  form  of 
rounded  ulcers  with  necrotic  bases  and  infiltrated  borders. 

Syphilis  of  the  vagina  is  infrequent.  It  usually  occurs  at  the  vulvo- 
vaginal entrance,  either  in  the  form  of  the  chancre,  the  condyloma  latum, 
or  mucous  patch,  or  as  erosions  following  round-cell  infiltrations.  Gumma 
of  the  vagina  may  occur  in  tertiary  syphilis,  and  by  healing  may  lead  to 
stenosis  and  deformity  of  the  parts. 

Tumors  of  the  Vagina. — Fibroma,  fibromyoraa,  and  myxoma  have 
been  observed.  They  usually  develop  from  the  submucous  and  muscular 
layers,  and  project  into  the  cavity  of  the  vagina,  covered  by  its  mucous 
membrane.  They  may  become  large,  and  are  commonly  pedunculated. 
Rhabdomyoma  of  the  vagina  has  been  reported. 

Sarcoma  is  rarely  seen.  It  is  usually  of  the  spindle-cell  variety,  and  de- 
velops from  the  submucous  connective  tissue.  The  tumor  may  remain  circum- 
scribed, or  through  rapid  infiltration  and  softening  may  lead  to  extensive 
ulcerations. 

Papilloma  usually  occurs  as  condyloma  acuminata,  and  results  from  lack 
of  cleanliness  and  from  irritating  discharges. 
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Carcinoma  of  the  vagina  is  usually  secondary  to  carcinoma  of  the  vagi- 
nal portion  of  the  cervix  uteri.  Primary  carcinoma  growing  from  the  mucous 
glands  and  squamous  epithelioma  are  rare,  epithelioma  being  the  more  fre- 
quent of  the  two.  It  usually  assumes  a  papillary  form,  which,  when  it 
softens,  ulcerates  and  spreads  so  as  to  invade  the  bladder  or  rectum.  Carci- 
noma of  the  vagina  may  be  secondary  to  carcinoma  of  the  rectum. 

Cysts  of  the  vagina  are  not  common.  They  may  be  single  or  multiple, 
and  are  usually  small,  containing  clear  fluid,  though  sometimes  they  contain 
brownish  or  bloody  fluid.  The  greater  number  are  simple  retention  cysts 
of  the  mucous  follicles.  Rarer  larger  cysts  develop  from  remnants  of  Miil- 
ler's  ducts  or  Wolff' 's  ducts;  these  are  characterized  by  the  presence  of 
columnar  epithelium.     Lymphangiectasis  may  also  cause  cysts. 

Diseases  of  Bartholin's  Glands. — These  little  glands  are  rarely  diseased.  Their  ducts 
are  sometimes  obstructed  by  Inflammation  or  other  causes,  and  the  secretion  being  retained, 
cystic  distention  occurs.  In  severe  vaginitis  they  have  been  known  to  become  involved  and  to 
suppurate. 

Adenoma  of  Bartholin's  glands  has  been  reported,  and  it  is  probable  that  vaginal  carci- 
noma occasionally  originates  from  their  epithelium. 

DISEASES  OF  THE  VULVA. 

Traumatic  lesions  of  the  vulva  are  not  infrequent,  especially  as  the 
result  of  parturition.  They  usually  take  the  form  of  lacerations,  the  most 
frequent  being  that  of  the  posterior  fourchet,  which  may  extend  through 
the  perineum  into  the  rectum.  Rupture  of  the  hymen  is  the  usual  out- 
come of  the  first  coitus.  In  the  extreme  stretching  to  which  the  external 
genital  organs  are  subjected  during  parturition,  the  subcutaneous  and  sub- 
mucous vessels  sometimes  rupture,  with  the  formation  of  interstitial  hemor- 
rhages, hcematoma  vulvce,  which  may  be  as  large  as  a  man's  fist  or  a  child's 
head.  If,  through  external  lacerations,  the  mass  becomes  infected,  gan- 
grene may  supervene,  sometimes  with  infective  thrombi  in  the  vaginal 
veins,  phlegmonous  cellulitis,  and  pelvic  peritonitis.  More  usually,  how- 
ever, such  gangrenous  changes  cause  puerperal  infection  and  death. 

Hyperemia  of  the  vulva  may  depend  upon  frequent  or  violent  coitus, 
onanism,  the  irritation  of  parasites,  etc.  Passive  hyperemia  is  seen  in  cases 
of  chronic  venous  obstruction  from  heart  disease,  etc. 

Edema  of  the  vulva  chiefly  affects  the  labia  majora,  causing  them  to 
swell  immensely  and  present  a  vesicular  appearance  from  the  presence  of 
serous  fluid.  The  edema  may  be  local,  depending  upon  venous  obstructions 
in  the  neighborhood. 

Inflammation  of  the  vulva  has  a  variety  of  causes,  among  which  may 
be  mentioned  various  idiopathic  and  symptomatic  skin  diseases,  parasites, 
abrasions  from  coitus  and  from  the  friction  sometimes  caused  by  walking  and 
other  movements  of  the  limbs,  uncleanness,  with  putrefactive  changes  in 
smegma  and  other  discharges,  gonorrhea,  excoriations  caused  by  irritating 
discharges  from  vaginal  and  uterine  affections.  In  rare  cases  infection  by 
the  diphtheria  bacillus,  puerperal  infection  following  lacerations,  lesions  of 
the  specific  infectious  diseases,  etc. ,  may  cause  it. 

The  lesions  are  usually  very  simple,  and  cori'espond  with  those  observed 
in  catarrhal  inflammation  :  redness,  desquamation,  excoriation,  ulceration, 
exudation  with  the  formation  of  a  mucopurulent  or  a  seropurulent  discharge, 
rarely  rapid  gangrene  or  phlegmons,  and  in  the  diphtheritic  cases,  the  forma- 
tion of  characteristic  pseudomembranes. 

Gangrene  of  the  vulva  sometimes  occurs  spontaneously  in  a  form  corre- 
sponding to  the  disease  of  the  cheek  called  noma.     Fortunately,  this  is  very 
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Tuberculosis  of  the  vulva  occurs  in  rare  cases,  usually  in  the  form 
known  as  lupus  vulgaris. 

Syphilis. — The  chancre  and  simple  ulcerations  usually  occur  at  the 
borders  of  the  nymphse  and  at  the  orifice  of  the  vagina.  Not  infrequently 
they  are  found  at  the  commissures.  The  ulcerations  present  their  character- 
istic parchment-like  and  split-pea  indurations,  and  usually  heal  kindly,  with- 
out, marked  cicatrices.  Sometimes  it  is  difficult  to  differentiate  between  the 
syphilitic  and  chancroidal  ulcerations  of  the  vulva.  Mucous  patches  are 
very  common  upon  the  vulva. 

Chancroid  of  the  vulva  is  common,  and  leads  to  the  formation  of  ser- 
piginous ulcemtions,  and  sometimes  to  phagedena.  Inguinal  buboes  with 
suppuration  usually  supervene. 

Elephantiasis  of  the  vulva  usually  affects  one  or  the  other  labium 
majus,  though  it  may  affect  all  parts  of  the  vulva  from  the  mons  veneris  to 
the  perineum.  It  causes  an  enormous  enlargement  of  the  parts,  the  surface 
being  wrinkled  and  nodular.  Sometimes  when  one  lip  becomes  greatly  en- 
larged and  pendulous,  it  appears  like  a  pedunculated  tumor,  and,  indeed,' 
when  the  subcutaneous  tissue  of  the  affected  part  is  rich  in  fat,  it  is  easily 
mistaken  for  a  pendulous  lipoma.  Elephantiasis  of  the  clitoris  may  cause 
a  penile  appearance  suggestive  of  hermaphroditism. 

Tumors  of  the  Vulva. — Lipoma  is  not  infrequent,  usually  assuming 
a  pendulous  form.     It  develops  from  the  labium  majus  in  most  cases. 

Fibroma  and  myofibroma  are  soft,  infrequent  tumors.  They  grow  from 
the  labium  majus  or  minus,  or  from  the  prepuce  of  the  clitoris,  and  usually 
assume  a  polypoid  shape,  sometimes  hanging  as  long,  pedunculated  bodies 
between  the  thighs. 

Leiomyoma  sometimes  develops  from  the  end  of  the  round  ligament. 

Myxoma  or  myxofibroma  is  usually  a  fibroma  with  more  or  less  mucous 
degeneration. 

Sarcoma  of  the  vulva  is  rare.  It  is  usually  a  nodular  tumor  composed 
of  spindle-cells. 

Of  the  epithelial  tumors,  the  condyloma  acuminatum,  or  venereal  wart, 
resulting  from  chronic  irritation,  is  probably  most  frequent,  sometimes  pro- 
ducing such  masses  of  papillary  excrescences  as  to  obscure  the  parts. 

Caruncle  is  a  papillary  growth  of  the  urethra  projecting  between  the 
nymphas  and  giving  rise  to  much  pain  on  urination. 

Epithelioma  of  the  vulva  may  occur  in  a  papillary  or  in  an  ulcerating 
form,  or  as  a  diffuse,  firm,  cicatricial  induration  which  attains  considerable 
size  before  it  ulcerates.  The  disease  spreads  to  the  vagina,  urethra,  and 
bladder,  and  to  the  skin  surrounding  the  vulva.  Softening,  ulceration, 
putrefaction,  and  gangrenous  changes  may  supervene.  The  disease  affects 
the  inguinal  glands.  Epithelioma  usually  originates  in  the  clitoris  or 
nymphse.  Carcinoma  of  the  vulva  may  succeed  carcinoma  of  Bartholin's 
glands. 

Cysts  of  the  vulva  may  depend  upon  retention  of  sebaceous  matter — 
atheroma.  Some  are  derived  from  hematomata.  Lymphangiectasis  may 
produce  cysts.  Dermoid  cysts  are  occasionally  seen.  A  rare  cyst  is  derived 
from  a  fluid  accumulation  in  Nuck's  canal — the  process  of  peritoneum 
which  accompanies  the  round  ligament  of  the  uterus  to  the  labium  majus. 

DISEASES  OF  THE  MAMMARY  GLAND. 

Congenital  Malformations. — It  is  a  rare  congenital  anomaly  to  find  one  or  both  mammary 
glands  absent,  the  absence  of  these  organs  seeming  to  be  invariably  associated  with  marked 
deformity  of  one  or  both  sides  of  the  chest.  The  nipples  may  be  absent  when  the  mammse 
are  present,  or  one  mamma  may  have  several  nipples. 
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Not  uncommon,  on  the  other  hand,  is  the  occurrence  of  accessory  mammae,  polymastia, 
which  are  usually  situated  upon  the  anterior  aspect  of  the  chest  or  abdomen  below  the  normal 
glands.  When  present  in  this  situation,  their  occurrence  may  be  looked  upon  as  an  illustra- 
tion of  atavism,  as  most  of  the  lower  animals  present  numerous  mammae  in  pairs  upon  the 
abdomen.  More  rarely  the  accessory  glands  are  situated  upon  the  shoulder,  upon  the  scapula, 
or  upon  the  thigh.     Supernumerary  mammae  may  occur  in  both  sexes. 

At  birth  the  mammary  glands  are  of  equal  Size  in  both  sexes,  and  about  forty-eight  hours 
afterward  become  enlarged  and  functional.  From  the  nipple  a  few  drops  of  fluid  of  milky 
appearance  can  be  pressed,  which,  when  examined  microscopically,  is  found  to  be  identical 
with  the  colostrum  of  preparing  lactation.  This  secretion  ceases  about  the  seventh  or  tenth 
day,  though  it  may  continue  twenty-one  days  and  the  glands  remain  latent  until  puberty,  when 
in  the  female  they  enlarge  considerably.  During  pregnancy,  and  sometimes  in  cases  of  uterine 
neoplasms,  secretion  begins  and  the  glands  enlarge. 

The  male  glands  sometimes  but  very  rarely  secrete  milk  {gynecomastia).  Supernumerary 
as  well  as  normal  glands  may  be  functional.  After  the  cessation  of  lactation  the  glands 
diminish  greatlv  in  size  and  a  gradual  involution  progresses  for  a  long  time  and  may  almost 
cause  the  gland'  to  disappear.  After  removal  of  the  ovaries  the  glands  gradually  diminish  in 
size,  and  after  the  menopause  their  glandular  structure  is  largely  replaced  by  fat.  Obese  per- 
sons sometimes  have  the  mammae  so  infiltrated  with  fat  that  the  glandular  tissue  atrophies. 

Hyperemia  of  the  mammae  occurs  in  mild  degree  at  the  time  of  men- 
struation, shortly  after  conception,  during  pregnancy,  and  at  the  beginning 
of  lactation.  It  is  characterized  by  redness,  swelling,  and  increased  tem- 
perature of  the  parts,  which  are  not  infrequently  sensitive  or  even  painful. 
After  death  the  glands  when  incised  present  a  rosy  appearance. 

Hemorrhage  is  almost  always  the  result  of  traumatic  injuries.  The 
blood  escapes  into  the  interstitial  tissue,  but  may  escape  into  the  glandular 
tissue  and  be  expressed,  from  the  nipple,,  or  occasionally  accumulates  behind 
the  gland,  between  it  and  the  subjacent  muscle.  The  blood  may  diffuse 
itself  and  be  absorbed,  or  may  collect  at  a  single  point,  become  encapsu- 
lated, and  lead  to  the  formation  of  a  hematoma  or  blood  cyst. 

Hemorrhage  not  infrequently  occurs  in  neoplasms. 

Inflam.mation  of  the  mammary  gland,  or  mastitis,  is  occasionally  of 
traumatic  origin,  resulting  from  bruises,  etc.,  but  in  an  overwhelming  majority 
of  cases  it  depends  upon  infection  occurring  during  early  lactation.  It  is. 
thought  by  some  that  the  infections  may  depend  upon  the  entrance  of 
pyogenic  bacteria  into  the  milk- ducts  directly,  and  their  multiplication  and 
operation  there.  It  has,  however,  been  shown  by  experiment  that  the  milk 
is  sterile  in  many  cases  of  mastitis  until  destruction  of  mammary  tissue  per- 
mits the  entrance  of  pus  into  the  acini  or  ducts. 

Infection  usually  occurs  through  fissures  of  the  nipple,  and  in  most  cases 
depends  upon  cocci  that  commonly  frequent  the  skin.  The  chief  of  these 
are  Staphylococcus  pyogenes  aureus  and  albus  and  Streptococcus  pyogenes. 
These  micro-organisms  are  brought  into  contact  with  the  erected  hyperemic 
nipple  by  the  mouth  of  the  sucking  child.  Cases  of  puerperal  mastitis 
without  fissured  nipples  are  rare. 

In  unusual  cases  mastitis  may  depend  upon  inflammatory  and  other  patho- 
logic conditions  of  neighboring  organs  and  tissues,  as,  for  instance,  caries 
of  the  ribs  and  erysipelas  of  the  skin.  In  cases  of  puerperal  infection,  etc., 
the  pyogenic  micro-organisms  may  be  brought  to  the  mamma  by  the  blood. 

The  course  of  mastitis  is  nearly  always  acute.  A  few  cases  terminate  by 
resolution,  but  by  far  the  greater  number  suppurate.  The  disease  may  be 
circumscribed  or  diffuse. 

The  diffuse  form  spreads  itself  over  the  entire  gland,  affecting  group 
after  group  of  acini,  and  not  infrequently  producing  wide-spread  destructive 
and  phlegmonous  lesions.  It  may  be  followed  by  paramastitis.  This  form 
may  also  become  gangrenous  and  lead  to  the  ultimate  complete  destruction 
of  the  gland. 

The  circumscribed   form,  which  is,   fortunately,   much  more  frequent, 
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limits  its  ravages  to  a  lobe  of  the  gland  or  to  a  group  of  acini,  and  usually 
terminate  in  a  circumscribed  abscess. 

The  mammary  abscesses  frequently  communicate  with  the  milk-ducts,  so 
that  the  pus  escapes  with  the  milk.  Sometimes  the  expressed  secretion  of 
the  gland  appears  to  be  pure  pus.  At  other  times  the  abscess  is  more  dis- 
tinctly interstitial,  and  forms  a  rounded  cavity  full  of  yellowish  or  creamy 
pus,  which  gradually  burrows  its  way  to  the  surface  of  the  body  and  evacu- 
ates. Sometimes  the  direction  taken  by  the  pus  is  downward,  and  after 
accumulating  beneath  the  gland  and  dissecting  it  from  the  subjacent  muscles 
(^paramastitis),  it  perforates  into  the  pleural  cavity  and  terminates  in  em- 
pyema.    Such  cases  may  be  fatal. 

Mammary  abscess  sometimes  fails  to  rupture  altogether,  the  pus  becoming 
encapsulated  and  subsequently  calcified,  remaining  as  hard  nodes  in  the 
breast.  Recovery  after  abscess  formation  occurs  by  cicatrization  and  the 
formation  of  dense  scars.  The  external  rupture  of  small  abscesses  may  leave 
communications  between  the  surface  of  the  breast  and  the  milk-ducts — milk 
fistula. 

Cases  of  mastitis  that  fail  to  suppurate  sometimes  present  subsequent 
fibrous  indurations  or  local  consolidated  tissue  areas  in  the  glands. 

Diffuse  fibrosis  of  the  mammary  gland  sometimes  occurs,  and  is  supposed 
to  correspond  to  the  chronic  interstitial  inflammation  of  the  other  glandular 
organs.  The  mamma  becomes  firm  and  hard,  but  is  slightly,  if  at  all,  in- 
creased in  size.  Cystic  dilatation  of  obstructed  milk-ducts  is  occasionally 
seen.  The  incised  gland  often  presents  a  striped  appearance,  depending 
upon  alternating  yellowish  duct  tissue  and  grayish-white  or  pink  connective 
tissue. 

Tuberculosis  of  the  mamma  is  very  rare  as  a  primary  affection.  It  is 
usually  accompanied  by  wide-spread  tuberculosis  of  other  organs.  The  in- 
fection is  probably  of  hematogenic  origin,  and  subsequently  distributes 
throughout  the  gland  by  the  lymphatics  and  the  milk-ducts.  The  bacilli 
are  found  inclosed  in  giant-cells  in  tubercles  themselves,  and,  according  to 
Verneuil  and  others,  occur  in  masses  in  the  acini  of  the  gland,  growing  in 
the  milk.  This  latter  condition  explains  the  occurrence  of  such  large 
numbers  of  tubercle  bacilli  in  the  milk  of  tuberculous  glands. 

The  microscopic  appearance  of  the  disease  varies  very  much  in  different 
cases.  It  is  usually  chronic,  and  may  be  caseofibroid,  leading  to  the  forma- 
tion of  cheesy  nodes  and  cicatricial  bands,  or  it  may  spread  more  rapidly, 
with  the  formation  of  miliary  tubercles.  The  glands  of  the  cow  often  de- 
ceive a  novice  into  believing  that  tubercles  exist,  where,  in  reality,  there  are 
none,  the  walls  of  the  milk-ducts  being  studded  with  small  circumscribed 
lymphoid  collections.  On  the  other  hand,  it  is  not  infrequently  true  that 
because  of  their  small  size  tubercles  in  the  mammary  gland  escape  observa- 
tion with  the  naked  eye. 

Circumscribed  local  forms  of  mammary  tuberculosis  sometimes  appear 
unexpectedly  as  cold  abscesses  of  the  breast.  Superficial  lesions,  allied  to 
lupus  vulgaris,  but  sometimes  mistaken  for  carcinoma,  are  also  seen. 

Syphilitic  lesions  of  the  mamma  are  very  rare.  Gumma  has  been 
seen  in  bpth  hereditary  and  acquired  syphilis.  When  the  lesion  heals,  the 
usual  dense  stellate  scar  remains. 

Hypertrophy  and  Hyperplasia  of  the  Mamma. — A  true  hyper- 
trophy of  the  mamma  is  sometimes  seen  in  the  period  of  glandular  prolifera- 
tion that  takes  place  at  puberty.  Instead  of  ceasing  at  the  normal  size,  the 
breasts  continue  to  increase  until  they  become  enormous  and  pendulous, 
weighing  many  pounds,  and  sometimes  reaching  to  the  pubis.  Subsequent 
involution  is  rare.     Both  breasts  are  affected,  though  one  is  usually  larger 
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than  the  other.  When  persons  so  afflicted  become  pregnant  and  subsequently 
lactate,  the  milk  is  secreted  in  enormous  quantities  {galactorrhea).  The 
cause  of  the  hypertrophy  is  unknown. 

Enlargement  of  the  mammary  glands  also  sometimes  depends  upon  diffuse 
fatty  infiltration  {lipomatosis). 

Elephantiasis  of  the  mammae  produces  a  diffuse  hyperplasia  of  the  areo- 
lar tissue,  enormously  enlarging  the  size  of  the  glands.  The  skin  covering 
the  organs  in  elephantiasis  is  velvety  in  appearance. 

Tumors  of  the  Mammary  Gland. — Connective-tissue  tumors  of  the 
mamma  are  less  frequent  than  those  of  glandular  type.  They  form  rounded, 
circumscribed,  encapsulated  growths,  usually  single,  which  arise  from  the 
interstitial  tissue,  press  the  glandular  tissue  aside,  and  rarely  attain  a  large  size. 

Fibroma,  myxofibroma,  myxoma,  and  lipoma  occur,  but  are  infrequent. 
One  case  of  leiomyoma  of  the  nipple  is  on  record.  Cartilage,  striped  muscle- 
fibers,  and  bone  have  been  found  in  mixed  tumors  of  the  breast. 

Sarcoma  is  a  frequent  tumor,  and  usually  of  the  round-cell  form,  though 
spindle-cell  sarcoma  is  also  observed.  Rarely  combinations  of  round-  and 
spindle-cells  occur.  Sarcoma  may  be  diffuse  or  circumscribed,  but,  except 
in  diffuse  large  round-cell  sarcoma,  which  may  be  mistaken  microscopically 
for  carcinoma,  their  recognition  is  easy. 


Fig.  328. — Cystic  fibroma  of  the  breast  (Warren). 

Circumscribed  spindle-cell  mammary  sarcoma  sometimes  presents  an  in- 
teresting radiating  appearance  to  the  naked  eye. 

Fibrosarcoma  is  not  uncommon,  and  telangiectasis  and  cystic  conditions 
frequently  occur. 

Giant-cell  sarcoma,  alveolar  sarcoma,  and  pigmented  sarcoma,  sometimes 
occur.  These  are  all  circumscribed  tumors,  rounded  in  shape,  and  often 
lobulated. 

The  diffuse  mammary  sarcoma  may  be  confused  with  hypertrophy  of  the 
mamma.  It  is,  however,  usually  unilateral,  infiltrates  in  all  directions,  soon 
extending  to  the  skin,  which  then  becomes  immovably  fixed  upon  the  tumor. 
Cyst  formation  is  common  both  from  obstruction  of  the  milk-ducts,  by  which 
smooth-walled  cysts  are  formed,  and  from  degeneration  of  the  tumor  tissue. 
To  tumors  of  this  kind  Virchow  applied  the  name  cystosarcoma.  Sometimes 
the  sarcoma  tissue  grows  into  the  cysts,  compressing  them  and  subsequently 
filling  their  cavities,  thus  producing  an  intracanalicular sarcoma  or  sarcoma 
phylloides,  as  Miiller  has  called  it. 

Sarcomata  may  grow  from  any  part  of  the  connective  tissue  of  the  mam- 
mary gland,  though  probably  most  frequently  from  that  near  the  milk-ducts 
and  nipple.  Sometimes  glandular  ducts  and  acini  are  caught  and  incor- 
porated in  the  growth,  giving  the  tumor  the  appearance  of  consisting  of, 
both  embryonal  connective  tissue  and  epithelial  acini. 
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The  sarcoma  is,  in  general,  malignant,  though  the  degree  of  malignancy 
is  modified  by  its  diffuse  or  encapsulated  condition,  its  vascularity,  etc.  It 
is,  however,  far  less  malignant  in  every  way  than  the  carcinoma,  and  metas- 
tasis is  not  so  common. 

Adenoma  is  one  of  the  most  frequent  tumors  of  the  mammary  gland.  It 
is  very  varied  in  appearance,  and  the  term  adenoma  is  now  applied  to  all 
tumors  of  the  mammary  gland  not  carcinomata,  in  which  glandular  tissue 
forms  an  important  element. 

Pure  adenoma  composed  of  glandular  acini  and  ducts  bound  together  by 
a  small  amount  of  connective  tissue,  and  inclosed  in  a  distinct  capsule,  seems 
to  be  a  rare  tumor,  of  which  I  have  seen  but  one  specimen. 

The  great  majority  of  the  tumors  are  combined  with  such  a  large  amount 
of  fibrous  tissue  as  to  make  it  necessary  to  use  such  terms  as  adenofibroma 
3mA  fibroadenoma  for  their  proper  description.     Nearly  all  the  tumors  contain 


Fig.  329. — Fibroadenoma  of  the  mammary  gland  (canalicular  form)  (Oc.  2;  Ob.  3). 


both  ducts  and  acini,  though  the  proportion  is  not  normal,  and  it  becomes 
necessary  to  speak  of  canalicular  or  tubular  and  alveolar  or  racemose  varieties.' 

The  fibroadenoma  is  sometimes  distinctly  circumscribed  by  connective 
tissue.  Such  a  capsule  is,  however,  more  likely  to  be  intimately  connected 
with  the  tissue  of  the  breast  and  tumor  than  in  the  other  benign  tumors. 

The  tumors  probably  never  spring  from  their  nidus  when  the  capsule  is 
incised.     Sometimes  the  growth  is  only  partly  encapsulated,  sometimes  not 

at  all. 

The  relation  of  the  connective  tissue  to  the  glandular  elements  is  of  in- 
terest, and  makes  easy  three  divisions  of  these  tumors : 

Intenanalicular  adenoma,  in  which  the  tumor  is  chiefly  fibrous  in  structure,  with  the  ducts 
and  acini  irregularly  distributed  through  it. 

Pericanalicular  adenoma,  in  which  the  fibrous,  tissue  makes  distmct  concentric  mvestments 
of  the  ducts  and  groups  of  acini.  j  .         ,       ,         ' 

Intracanalicular  adenoma,  in  which  polypoid  or  papillary  growths  extend  into  the  ducts. 

The  question  of  encapsulation  probably  has  a  direct  bearing  upon  the  malig- 
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nancy  of  the  tumor,  and  tumors  removed  by  the  surgeon  and  sent  to  a  labora- 
tory for  diagnosis  should  be  carefully  inquired  into.  Incomplete  encapsula- 
tion is  often  spoken  of  by  the  surgeon  as  adherent  capsule,  and  is  to  be  looked 
upon  as  an  indication  that  the  separation  of  the  tumor  from  the  mammary 
gland  itself  is  not  complete,  so  that  any  change  taking  place  within  the  tumor 
may  readily  extend  to  the  gland.  It  is  also  possible  that  many  of  the  incom- 
pletely encapsulated  tumors  arise- from  the  breast  tissue  itself,  being  little 
more  than  hyperplastic  lobules  surrounded  by  connective  tissue  that  has  been 
pushed  aside  in  their  growth.  In  other  cases  they  are  incipient  carcinomata. 
The  completely  encapsulated  tumors  may,  at  times,  be  the  result  of  the  in- 
clusion, and  later  development,  of  fetal  elements,  and  in  them  are  sometimes 

unexpectedly  found  fragments 

5f 
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Fig.  330. — Alveolar  adenoma  of  the  mammary  gland 
(Oc.  2;  Ob.  9). 


of  adipose,  chondrous,  mus- 
cular, or  even  osseous  tissue 
{sequestration  dermoid  tumors'). 
Cystic  adenoma  or  adenocys- 
toma is  an  adenoma  in  which 
cysts  are  formed.  They  are 
nearly  always  retention  cysts, 
formed  by  the  accumulation  of 
the  glandular  secretion  in  cecal 
ducts,  though  they  rarely  result 
from  hemorrhagic  extravasa- 
tions or  from  softening  of  the 
tissues.  The  cysts  usually  have 
smooth  walls,  and  vary  in  size 
from  a  pin- head  to  a  goose-egg. 
They  contain  seromucus,  more 
rarely  milky  fluid.  Sometimes 
they  contain  masses  of  epi- 
thelial cells  of  horny  nature. 
The  formation  of  the  cysts 
usually  takes  place  in  the  already  formed  tumor.  Some  observers  are  of 
the  opinion  that  the  tumors  develop  about  cysts  formed  from  preexistent 
mammary  ducts. 

Within  the  smooth-walled  cysts  papillary  outgrowths  commonly  develop, 
so  that  the  adenocystoma  becomes  adenocystoma  papilliferum.  The  papillary 
growths  may  occur  in  very  small  cysts'or  in  the  large  ones  only.  They  bear  no 
definite  relationship  to  the  magnitude  of  the  cyst,  which  may  be  completely 
filled  with  their  cauliflower-like  excrescences,  or  may  contain  a  few  very 
small  villous  outgrowths.  Large  cysts  may  contain  immense  masses  of 
papillae,  filling  and  even  distending  them.  Only  a  few  of  the  cysts  may  show 
the  papilliferous  change,  or  every  cyst  may  be  full  of  them,  so  that  the 
tumor,  which  really  contains  cysts  of  every  size  up  to  that  of  a  hen's  egg, 
may  apparently  be  of  solid  consistence.  In  addition  to  the  papillae  the 
cysts  usually  contain  a  small  ainount  of  clouded  fluid. 

The  intracystic  growths  are  checked  in  development  by  the  resistance  of 
the  surrounding  tissues,  but  it  soiSetimes  happens,  when  the  cysts  are  large 
and  superficially  situated,  that  the  pressure  which  they  exert  upon  the  supra- 
jacent  skin  and  fascia  causes  them  to  attenuate  gradually  and  ultimately  to 
ulcerate,  rupture,  and  permit  the  intracystic  growth  to  project  upon  the  sur- 
face of  the  skin  with  an  appearance  closely  resembling  fungous  granulations. 
The  projecting  masses  are  red  and  vascular,  soft  and  tender,  and  continue  to 
increase  in  size  and  form  larger  and  larger  openings  through  which  to  project. 
The  papillse  that  develop  within  the  cyst  are  covered  with  a  single  layer  of 
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columnar  epithelium  and  consist  of  delicate,  vascularized,  sometimes  myxomat^ 
ous  tissue.  Sometimes  the  epithelial  lining  of  the  cysts  and  covering  of  the 
papillae  take  on  a  remarkably  active  development,  extending  in  columns 
from  the  papillae  to  the  cyst-wall,  forming  numerous  layers  upon  the  mucous 
membrane  and  even  filling  up  the  intracystic  spaces. 

Concerning  the  histology  of  the  mammary  adenomata  very  little  more 
need  be  said.     In  general  they  closely  resemble  the  structure  of  the  gland  in 
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Fig-  333- 

Fig.  331. — Intercanalicular  adenofibroma  of  mamma.  The  fibroconnective  tissue  bears  no 
definite  relation  to  the  glandular  canals. 

Fig.  332. — Pericanalicular  adenofibroma  of  mamma.  The  fibroconnective  tissue  shows  a 
peculiar  concentric  relation  to  the  glandular  canals. 

Fig.  333. — Intracanalicular  adenofibroma  of  mamma.  Papillary  connective-tissue  growths 
project  into  the  glandular  canals. 

the  character  of  their  cellular  elements  an*li  the  size,  appearance,  and  arrange- 
ment of  the  cells.  The  large  cysts  of  the  adenocystoma  usually  have  a 
cuboidal  or  columnar  epithelium  originating  from  the  ducts,  not  from  the 
acini,  and  the  papilliferous  cysts  have  epithelial  cells  of  the  same  kind. 

Adenomata  usually  develop  early  in  life — that  is,  before  the  thirty-fifth  or 
fortieth  year.  They  not  infrequently  seem  to  begin  their  growth  at  puberty, 
remaining  unnoticed  until  of  considerable  size.      A  few  cases  have  been 
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observed  in  which  the  tumors  have  spontaneously  become  reduced  in  size — 
possibly  by  absorption  of  the  contents  of  the  cysts. 

In  general  it  may  be  said  that  the  adenoma  is  benign.  There  is,  how- 
ever, no  sharp  line  separating  the  adenoma  from  the  carcinoma,  especially  in 
the  forms  not  well  encapsulated,  and  in  the  papilliferous  forms ;  and  unless 


Fig.  334. — Carcinoma  of  the  breast ;  extension  of  the  disease  to  the  surface  through 
the  ligaments  of  Sir  Astley  Cooper  (Warren). 

the  tumor  be  carefully  studied  in  various  parts  and  the  possibility  of  its  con- 
nection with  the  breast  tissue  considered,  the  prognosis  should  always  be 
given  with  reserve. 

The  papilliferous  form  is  chiefly  destructive  by  its  local  effects.  All  that 
give  lymphatic  metastasis  should  be  considered  carcinoma  irrespective  of  the 
histologically  typical  appearances  of  parts  of  the  tumor. 

Carcinoma  of  the  mammary  gland  is  probably  the  most  frequent  malig- 
nant tumor,  and  is  certainly  the  most  frequent  malignant  tumor  of  the  mam- 


FiG-  335- — Section  through  a  scirrhous  carcinoma  of  the  mamma :  a,  Bands  of  carcinoma  tissue 
consisting  chiefly  of  connective  tissue  with  cell-nests  ;  b,  fatty  tissue  ;  c,  retracted  nipple. 

mary  gland.  It  affects  both  men  and  women,  but  is  very  rare  in  the  former, 
occurring  in  only  2  per  cent,  of  the  cases  studied  by  Paget.  The  usual 
period  of  its  development  is  between  the  thirtieth  and  sixtieth  years  of 
life,  though  it  sometimes  occurs  earlier  and  later.  The  great  majority  of 
cases  occur  between  the  fortieth  and  fiftieth  years, 
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The  tumor  is  usually  unilateral  and  affects  the  right  breast  a  little  more 
frequently  than  the  left.  It  is  not  uncommon  for  both  breasts  to  be  simul- 
taneously affected,  and  in  rare  cases  carcinoma  of  both  breasts  has  been 
known  to  occur  in  association  with  primary  independent  tumors  of  the  in- 
ternal organs. 

The  tumor  is  one  of  the  most  malignant,  and  is  usually  fatal.  Its  course 
from  inception  to  fatality  is  of  varied  duration  according  to  the  particular 
variety  of  the  growth  and  the  peculiarities  of  the  individual.  It  is  not 
known  what  circumstances  modify  these  conditions.  The  growth  may  be 
fatal  within  six  months  or  may  be  present  without  very  marked  progress  for 
twenty-five  years  or  more. 

The  greater  number  of  mammary  cancers  arise  from  atypical  growths  of 
the  epithelium  of  some  local  lobule  of  the  gland,  so  that  they  present  them- 
selves in  the  form  of  irregular,  more  or  less  well-circumscribed  nodules 
which  are  no  doubt  often  mistaken  for  adenomata  with  adherent  capsules. 
More  rarely  the  growth  seems  to  affect  the  gland  to  a  considerable  extent 
simultaneously,  causing  the  formation  of  an  indefinite  induration  which  is 
not  movable  within  the  gland  and  becomes  adherent  to  the  suprajacent  skin. 

The  skin  above  the  tumor  nearly  always  presents  a  peculiar  white  color, 
and  being  smooth  and  coarse,  is  sometimes  described  3S,  pig-skin.  The  nipple 
is  retracted. 

Carcinoma  develops  at  times  from  the  acinose  tissue,  and  maintains  pretty 
well  a  racemose  type,  so  that  it  seems  correct  to  differentiate  between  alveo- 
lar carcinoma  and  tubular  or  duct  carcinoma,  in  which  the  cells,  instead  of 
occurring  in  small  irregular  nests,  form  long  tubular  or  cylindric  aggrega- 
tions. Sometimes  the  cells  have  a  distinctly  columnar  or  cuboidal  tendency, 
suggesting  origin  from  the  ducts  rather  than  from  the  acini.  The  ordinary 
mammary  carcinoma  is  usually  spoken  of  as  carcinoma  simplex. 

The  tumor  sometimes  grows  rapidly,  attains  a  large  size,  and  is  soft  and 
juicy.  In  such  cases  histologic  examination  shows  large  cell-nests  with 
little  intermediate  connective  tissue,  and  such  tumors  are  usually  termed 
encephaloid  or  soft,  to  distinguish  them  from  the  scirrhous  or  hard  forms,  in 
which  the  connective  tissue  is  cicatricial  in  character,  considerable  in  amount, 
and  contains  comparatively  few  irregular  cell-nests  of  small  size.  The  con- 
nective tissue  in  carcinoma,  especially  in  the  scirrhous  form,  produces  the 
characteristic  retraction  of  the  nipple  by  contraction. 

The  destructive  effects  of  mammary  carcinoma  are  illustrated  by  the  dis- 
organization of  the  gland,  the  occurrence  of  areas  of  malnutrition,  with  the 
formation  of  cysts  by  softening,  the  obstruction  of  ducts  and  formation  of 
retention  cysts,  the  extension  of  the  disease  to  the  skin,  and  the  occurrence 
of  ulcerations,  and  by  early  metastasis  to  the  axillary,  subclavicular,  and 
supraclavicular  lymphatic  glands,  and  later  to  the  internal  viscera. 

Colloid  carcinoma  of  the  mamma  is  rare,  and  in  tumors  so  denominated, 
instead  of  an  actual  colloid  degeneration  of  the  epithelial  cells,  mucoid 
degeneration  of  the  interstitial  tissue  gives  the  gelatinous  consistence. 

Calcareous  infiltration  not  infrequently  occurs  in  the  dense  stroma  of  the 
organ,  in  the  inspissated  contents  of  cysts,  etc.  Rarely  concentric  mineral 
bodies  occur  in  the  cell-nests.  The  epithelial  cells  of  the  tumor  are  some- 
times so  pressed  upon  by  the  surrounding  fibroconnective  tissue  that  they 
undergo  atrophy  from  fatty  change.  The  constriction  of  blood  vessels  by 
the  connective  tissue  also  causes  local  malnutrition  and  ultimate  fatty  de- 
generation of  the  epithelium  and  mucous  degeneration  of  the  stroma. 
While  the  retrogressive  changes  are  occurring  in  the  older  parts  of  the 
tumor,  a  rapid  multiplication  of  the  young  healthy  cells  of  the  periphery  is 
usually  invading  new  territory  and  the  disease  is  advancing  steadily. 
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Cases  of  spontaneous  recovery  from  carcinoma  are  extremely  rare,  and 
surgical  eradication  not  infrequently  fails  to  interrupt  the  disease  because  of 
the  early  and  wide-spread  lymphatic  metastases. 

Pagef  s  disease  of  the  nipple  is  a  peculiar  carcinomatous  affection  of  the 
skin  covering  the  nipple  and  areola.  The  disease  usually  occurs  in  very 
aged  women  and  may  remain  local  for  years.  In  general  characteristics  it 
resembles  chronic  eczema,  with  which  it  was,  in  fact,  confounded  until  Paget 
showed  its  true  nature  and  its  not  infrequent  disposition  to  descend  into  the 
mamma  with  resulting  true  carcinoma.  In  advanced  cases  the  nipple  may 
be  so  completely  destroyed  as  to  be  absent  both  on  microscopic  and  on 
macroscopic  examination.  The  psorosperms,  which  are  said  to  occur  in  the 
cells  in  this  affection,  and  which  were  regarded  by  Darier  as  sporozoa,  axe  of 
very  questionable  parasitic  nature,  the  present  tendency  being  to  look  upon 
them  as  AissassA prickle-cells  of  the  skin. 

Cysts  of  the  mammary  gland  are  not  infrequent.  The  most  frequent 
are  observed  in  such  morbid  growths  as  cystoma.  Independent  retention 
cysts  or  galactoceles  are  sometimes  observed.  They  occur  during  the  involu- 
tion of  the  gland  following  lactation,  and  are  sometimes  called  involution- 
cysts.  They  are  usually  the  size  of  a  pea,  and  may  be  numerous.  Cysts 
occur  in  carcinoma  and  sarcoma,  sometimes  from  retention  of  secretion, 
sometimes  from  interstitial  hemorrhages,  sometimes  from  the  softening  of 
neoplasms. 

Parasites  of  the  mammary  gland  are  very  rare.  The  Tcenia  echinococcus 
has  been  encountered  in  about  sixteen  cases.  The  Cysticercus  cellulosce  has 
also  been  seen  a  few  times. 
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THE  URINARY  SYSTEM. 

THE  KIDNEY. 

Congenital  Malformations, — In  rare  cases  of  marked  congenital  malformation  the  kidneys 
may  be  absent,  and  the  individual  unfitted  for  postnatal  existence.  Congenital  absence  of 
one  kidney  is  occasionally  seen  in  otherwise  normal  individuals,  the  absent  organ  usually  being 
that  of  the  left  side.     In  such  cases  the  existing  organ  is  considerably  larger  than  normal. 

More  frequent  than  total  absence  of  the  kidney  is  a  congenital  atrophy  by  which  the  kid- 
ney is  represented  by  a  connective-tissue  rudiment  a  few  centimeters  long,  very  thin  and 
narrow,  and  almost  entirely  vrithout  glandular  substance.  The  atrophic  condition  may  result 
from  diminished  blood  supply  or  failure  of  the  Wolffian  body  properly  to  transform  itself ; 
from  inflammatory  conditions,  and  from  irregularities  of  growth  and  development  not  very 
well  understood. 

The  most  frequent  congenital  variations  from  the  normal  are  a  peculiar  lobulation,  consist- 
ing of  retention  of  the  fetal  lobules  with  marked  sulci  betwe.en  them ;  union  of  the  two  organs 
into  one  large  horse-shoe  kidney ;  multiple  cysts,  and  double  ureters. 

Horse-shoe  kidneys  are  formed  by  the  fusion  of  the  lower,  or  in  less  frequent  cases  the 
upper,  inner  surfaces;  rarely,  the  entire  median  aspects  of  the  organs.  The  condition  is 
naturally  accompanied  by  more  or  less  displacement  of  the  organs,  which  are  unusually 
approximated  and  situated  lower  in  the  abdomen  than  normal..  Horse-shoe  kidneys  have 
an  anterior  central  hilum,  with  one  or  two  pelves  and  from  two  to  four  ureters.  The  ureters 
may  be  abnormally  short  if  the  organ  be  very  low  and  near  the  bladder.  The  blood  vessels 
of  these  kidneys  are  almost  always  anomalous,  and  very  frequently  more  numerous  than 
normal.  It  is  supposed  that  the  horse-shoe  kidney  depends  upon  abnormal  proximity  of  the 
developing  organs,  with  subsequent  fission. 

Occasionally  one  or  the  other  kidney  is  abnormally  attached  to  the  surrounding  parts,  the 
left  organ  then  descending  toward  the  sacrum  and  approaching  the  median  line,  its  vessels 
having  an  anomalous  origin  and  the  ureter  being  very  short,  the  right  kidney  freely  movable, 
with  a  normal  vascular  supply  and  ureter.  The  abnormahty  thus  consists  in  a  remarkable 
degree  of  relaxation  of  the  peritoneal  covering  of  the  organ,  permitting  it  to  prolapse  and 
hang  in  a  pendulous  fashion  in  the  lower  part  of  the  abdomen  or  even  to  enter  the  pelvis. 
Such  an  organ  is  described  as  a.  floating  kidney,  and  can  be  pushed  about  from  place  to  place 
in  the  abdominal  cavity.     It  is  sometimes  mistaken  for  an  abdominal  tumor. 

Double  ureters  usually  result  from  congenital  division  of  the  urinary  tract.  They  may  be 
double  throughout  their  entire  length,  or  only  partly  so,  depending  upon  their  origin  from 
early  or  late  division  of  the  urinary  tract.  Double  ureters  may  end  normally  in  the  bladder, 
but  in  rare  cases  they  enter  the  seminal  vesicles,  urethra,  uterus,  or  vagina. 

Not  infirequently  cases  are  observed  in  which  the  ureters  are  obstructed  by  kinks  or  folds 
of  mucous  membrane,  so  that  they  become  enormously  dilated.  The  dilatation  of  the  ureter 
is  succeeded  by  dilatation  of  the  pelvis  of  the  kidney,  and  later  by  dilatation  of  the  kidney 
itself,  the  parenchymatous  tissue  of  which  yields  to  the  pressure  of  the  accumulating  urine  as 
long  as  secretion  is  possible,  eventually  becoming  transformed  into  a  sac  with  the  external 
appearances  of  a  kidney,  but  with  its  substance  reduced  to  a  thin  rind  a  few  centimeters  in 
thickness,  composed  chiefly  of  fibrous  tissue  inclosing  a  few  tubules  and  glomerules,  and  sur- 
rounding the  accumulated  fluid.     Such  an  appearance  is  described  as  hydronephrosis. 

Disturbances  of  the  Renal  Circulation. — Anemia  in  the  kidney 
may  result  from  the  gradual  obstruction  of  the  arteries  by  the  pressure  of 
diseased  organs  and  morbid  growths ;  from  obstructive  endarteritis  or  from 
diseases  accompanied  by  arterial  contraction,  such  as  lead-poisoning,  epi- 
lepsy, tetanus,  etc. 

The  affected  organ  is  small,  bloodless,  pale,  and  may  show  signs  of  ne- 
crosis. If  the  change  occur  only  in  limited  areas  of  the  organ,  it  will  appear 
mottled,  with  pale-colored  patches. 

The  anemic  organ,  receiving  little  blood  from  which  to  secrete  urine,  is 
in  consequence  practically  thrown  out  of  service,  though  its  power  is  proba- 
bly not  suspended  as  long  as  its  vitality  persists.     Profound  anemia  of  the 
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Icidneys  is  accompanied  by  alteration  of  secretion,  the  urine  under  such  cir- 
cumstances becoming  albuminous. 

Renal  anemia  is  serious  only  when  persistent.  In  transitory  cases,  the 
circulation  being  reestablished,  the  normal  condition  soon  returns.  In  per- 
sistent cases  atrophy  follows.  Degeneration  usually  begins  in  the  glome- 
rules,  but  soon  embraces  the  parenchyma.  Fatty  metamorphosis  is  the  usual 
form  of  degeneration.     Actual  necrosis  may  occur. 


Fig.  336. — Diagrammatic  representation  of  the  congenital  malformations  of  the  kidney 
(fused  kidneys) :  i,  Partial  fusion  of  the  organs  at  the  inferior  extremities;  2,  common  form 
of  "  horse-shoe  kidney  "  ;  3,  4,  marked  fusion  of  inferior  internal  surfaces  ;  5,  sigmoid  kidney ; 
6,  double  kidney  (modified  from  Newmann). 

Acute  hyperemia  of  the  kidney  may  be  toxic,  infectious,  nervous,  or 
collateral. 

In  various  intoxications  the  elimination  of  the  poison  by  the  kidneys  is 
accompanied  by  more  or  less  injury,  of  which  hyperemia  is  the  first  expres- 
sion. This  is  seen  in  poisoning  by  ether,  chloroform,  cantharides,  turpentine, 
numerous  drugs  and  bacterial  toxins,  and  possibly  by  certain  of  the  leuko- 
mains. 

In  infectious  diseases  the  toxins  that  reach  the  kidney  in  the  blood,  as  well 
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as  those  produced  by  bacteria  colonized  in  the  organ,  may  similarly  occasion 
hyperemia. 

Hyperemias  of  nervous  origin  are  for  the  most  part  physiologic  and  occur 
in  response  to  reflex  stimulation.  Exaggerations  of  the  condition  may  be 
pathologic. 

Collateral  hyperemia  occurs  in  consequence  of  sclerosis  of  the  aorta  and 
larger  blood  vessels,  with  loss  of  the  elasticity  normally  compensating  for  the 
cardiac  impacts.  When  this  elasticity  is  lost,  the  pulsations  of  the  heart 
result  in  an  increased  arterial  pressure  and  persistent  hyperemia  of  the  kidney, 
with  resulting  polyuria  and  structural  changes. 

Morbid  Anatomy. — In  active  hyperemia  the  kidney  is  slightly  enlarged, 
soft  but  elastic,  reddish  in  color,  and  its  substance  moist.  Upon  section, 
considerable  blood  escapes.  The  congestion  is  diffuse,  not  localized  in  the 
bases  of  the  pyramids. 

Upon  microscopic  examination  the  glomerules  and  intertubular  capilla- 
ries are  found  turgescent,  the  interstitial  tissue  slightly  edematous,  the  secret- 
ing cells  clouded  and  sometimes  degenerated,  it  being  impossible  to  draw 
any  sharp  line  between  the  point  at  which  congestion  ends  and  degeneration 
begins.  In  reality  it  seems  as  if  the  congestion  simply  accompanied  the 
degeneration,  the  two  depending  upon  the  same  cause. 

In  persistent  collateral  hyperemia  the  effect  of  the  increased  blood- 
pressure,  together  with  the  occurrence  of  some  sclerotic  changes  in  the  ves- 
sels, results  in  rupture  and  occlusion  of  capillaries  with  loss  of  glomerules 
and  atrophic  changes  in  the  organ  similar  if  not  identical  with  those  observed 
in  arteriosclerosis  {q.  v."). 

Morbid  Physiology. — Hyperemic  kidneys  secrete  urine  which  may  contain 
some  red  blood  corpuscles,  a  trace  of  albumin  and  soft  cylindric  bodies, 
resembling  tube-casts,  known  as  cylindroids. 

Passive  Hyperemia  of  tlie  Kidney  (Cyanotic  Induration). — This  is  a  very 
common  and  important  accompaniment  of  those  conditions  in  which  the 
venous  blood-pressure  is  elevated.  It  occurs  in  valvular  heart  disease,  in 
chronic  disease  of  the  lungs,  in  thrombosis  and  other  obstructions  of  the 
vena  cava,  and  also  results  from  the  pressure  of  morbid  growths  upon  the 
veins  of  the  kidney. 

Morbid  Anatomy. — In  the  rare  acute  ffljifj- resulting  from  venous  throm- 
bosis, etc.,  the  vessels  of  the  organ  become  suddenly  distended  with  venous 
blood.  The  kidney  is  then  larger  than  normal,  dark  in  color,  and  soft  in 
consistence.  The  capsule  strips  off  readily,  the  cut  surface  drips  with  blood, 
and  on  the  surface  of  the  section  the  bleeding  cut  veins  can  be  seen.  Sub- 
capsular hemorrhagic  spots  are  also  present.  The  chief  congestion  occurs 
about  the  bases  of  the  pyramids,  but  the  entire  organ  may  be  filled  with 
blood. 

When  examined  microscopically,  the  important  changes  consist  in  turges- 
cence  of  the  vessels  and  numerous  extravasations  of  blood  into  the  capsules 
of  Bowman  and  into  the  tubules. 

The  chronic  cases  are  rather  less  marked,  for  the  length  of  time  during 
which  the  condition  has  persisted  makes  possible  the  establishment  of  numer- 
ous collateral  venous  trunks  by  which  the  blood  finds  a  more  ready  exit. 
The  organ  is  enlarged  and  usually  somewhat  edematous.  There  are  no  sub- 
capsular hemorrhages.  The  capsule  strips  less  readily  than  in  the  acute 
cases,  the  cut  surface,  while  moist  with  blood,  bleeds  less  than  in  the  other 
form,  and  dilated  veins  are  not  conspicuous.  The  appearances,  both  macro- 
scopic and  microscopic,  will  be  modified  by  the  duration  of  the  lesion  and 
the  degree  of  venous  obstruction  present.  In  ordinary  cases  depending 
upon   cardiac  lesions,  as  time  goes  on,  the  kidney  becomes  more  and  more 
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changed  to  accommodate  itself  to  the  congestion,  this  change  consisting  largely 
in  hyperplasia  of  the  intertubular  connective  tissue,  by  which  greater  support 
is  afforded  to  the  distended  veins.  The  vessels  are  dilated  and  gape  when 
cut ;  their  walls  are  thick.  The  organ  in  this  indurated  stage  appears  a  little 
larger  than  normal,  is  dark  and  cyanotic,  or  pale  if  much  connective-tissue 
contraction  has  occurred.  To  the  touch  it  is  distinctly  indurated.  The 
surface  is  likely  to  be  roughened  and  pitted  from  newly  formed  bands  of 
connective  tissue  within  the  organ,  which  draw  upon  the  capsule.  If  the 
induration  be  marked,  the  capsule  does  not  strip  off  readily. 

Microscopically  can  be  noted  the  increase  of  connective  tissue.  Some 
of  the  epithelial  cells  of  the  tubules  are  fatty  degenerated  or  atrophic, 
especially  in  the  straight  tubes  of  the  medullary  substance.  Here  and 
there  a  glomerule  is  seen  to  be  destroyed — transformed  into  homogeneous 
or  slightly  granular  detritus — but  the  greater  number  of  glomerules  are  nor- 
mal. Tubules  connected  with  the  destroyed  glomerules  are  found  to  be 
atrophic.  Hyaline  tube-casts  occur  in  some  of  the  tubules.  Brownish  pig- 
ment-granules resulting  from  hemolysis,  and  sometimes  crystalline  pigment, 
occur  in  the  epithelial  cells  and  in  the  tubules. 

Morbid  Physiology. — In  chronic  passive  congestion  of  the  kidney  the 
quantity  of  urine  secreted  is  diminished.  It  contains  a  larger  or  smaller 
number  of  red  and  white  blood  corpuscles,  some  albumin,  and  few  hyaline 
tube-casts. 

When,  from  either  active  or  passive  hyperemia  or  because  of  disease  of 
the  vessels  of  the  kidney,  the  blood-pressure  in  the  capillaries  becomes 
greater  than  can  be  borne,  hemorrhages  occur. 

These  hemorrhages  are  usually  minute,  and  may  be  interstitial  or  intratubular.  In  the 
former  case  the  intertubular  capillaries  rupture  and  the  blood  escapes  into  the  interstices  of 
the  tissue,  where  its  collections,  irregular  in  size  and  extending  along  the  tubules,  can  plainly 
be  seen  with  the  microscope.  These  little  collections  of  blood  are  soon  removed  by  natural 
processes. 

When  the  hemorrhage  is  intratubular,  it  probably  depends  upon  the  rupture  of  capillaries 
in  the  glomerule  and  the  escape  of  blood  into  Bowman's  capsule.  The  blood,  when  in  very 
small  amoimts,  flows  down  the  tubule,  and  the  blood  corpuscles  are  found  isolated  and  com- 
paratively unchanged  in  the  urine.  When  in  more  considerable  amounts,  it  fills  the  tubulcs„ 
coagulates  within  them,  and  appears  in  microscopic  sections  as  yellowish  streaks.  The  coagula 
sometimes  escape  entire  into  the  urine,  constituting  what  are  known  as  blood-casts.  When 
retained,  the  coagulum  is  slowly  absorbed,  the  hemoglobin  of  the  corpuscles  being  dissolved 
out  and  finding  its  way,  probably  in  a  changed  form,  into  the  epithelial  cells  of  the  tubule,, 
where  it  appears  as  a  yellowish  droplet. 

Intratubular  hemorrhages  can  also  occur  from  rupture  of  the  tubules  in  interstitial  hem- 
orrhage. 

Collections  of  pigment  in  the  kidney  resulting  from  any  cause  are  sometimes  described  as 
pigm-ent  infarcts. 

In  cases  of  active  hemolysis  with  rapid  elimination  of  hemoglobin  through  the  kidney  it  is. 
common  to  have  the  hemoglobin,  accumulate  in  drops  in  the  epithelial  cells  of  the  tubules. 
Crystals  of  hemoglobin  may  also  collect  in  the  tubules — hemoglobin  infarcts. 

The  modified  pigment  known  as  bilirubin,  when  present  in  excess  in  the  blood  plasma,  is 
also  excreted  by  the  kidney,  and  appears  as  larger  or  smaller  granules  in  the  epithelial  cells 
of  the  uriniferous  tubules.  Crystals  are  rarely  seen,  except  in  icterus  neonatorum.  The 
pigment  accumulations  of  the  kidney  occur  more  frequently  in  the  cortical  substance  in  adults, 
and  in  the  medullary  substance  in  infants. 

Arteriosclerosis  of  the  Kidney  .^ — The  blood  vessels  of  the  organ  not 
being  all  and  equally  affected,  the  interesting  changes  characteristic  of  the 
process  are  not  equally  distributed,  and  the  kidney  becomes  irregularly 
affected,  presenting  a  varied  appearance. 

Etiology. — Senility,  gout,  lead-poisoning,  alcoholism,  and  syphilis  are  the 
most  frequent  causes. 

Morbid  Anatomy. — The  gradual  occlusion  of  the  vessels  caused  by  the 
obstruction  is  responsible  for  the  changes  in  the  organ.  When  the  obstruc- 
tion of  a  small  vessel  is  sufficient  to  incapacitate  it  from  nourishing  the  tissue 
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which  it  supplies,  atrophy  of  that  part  of  the  parenchyma  follows.  The 
first  change  is  observed  in  the  glomerule,  which,  losing  its 'normal  mulberry 
appearance  by  the  disappearance  of  the  nuclei  of  its  cells  and  by  its  imper- 
viousness  to  the  passage  of  blood  through  its  capillary  tubes,  becomes  trans- 
formed into  a  homogeneous  or  slightly  granular  mass.  If  the  sclerotic 
process  involves  a  very  small  vessel,  only  one  glomerule  may  show  the 
change ;  but  if  an  interlobular  artery  be  affected,  all  the  glomerules  in  its 
distribution  will  be  altered. 

Because  of  the  imperviousness  of  the  glomerule  the  blood  of  the  afferent 
vessel  empties  directly  into  the  efferent  vessel,  and  in  cases  in  which  many 
glomerules  are  destroyed,  the  blood  seeks  an  entirely  new  course,  by  which, 
instead  of  passing  through  the  intertubular  capillary  network,  it  enters  the 
larger  veins  from  the  widely  dilated  arteriolcB  rectcs  of  the  medullary  sub- 
stance. 

The  suspension  of  glomerular  function  seems  to  be  invariably  followed 
by  atrophy  of  the  consequently  useless  uriniferous  tubule,  to  which  it  sup- 
plied water,  and  in  microscopic  specimens  these  elements  can  be  found  much 
contracted,  the  cells  reduced  in  bulk,  their  striations  and  individual  pecu- 
liarities lost,  and  the  whole  tubule  reduced  to  the  size  of  Henle's  loop,  or 
sometimes  even  to  that  of  a  blood  capillary.  The  remaining  functional 
glomerules  appear  to  be  increased  in  size.  The  loss  of  kidney  substance 
resulting  from  the  local  atrophic  changes  causes  the  formation  of  depressions 
upon  the  surface  of  the  organ  corresponding  to  the  lost  tissue.  The  external 
appearance  of  the  organ  thus  becomes  quite  characteristic. 

In  general  it  may  be  said  that  the  arteriosclerotic  kidney  is  smaller  than 
normal,  firm  from  loss  of  parenchymatous  elements  and  from  retention  of 
the  fibrous  elements.  Its  external  surface  is  marked  by  pits  and  sulci  corre- 
sponding to  the  atrophic  areas.  It  may  be  possible,  with  the  naked  eye,  to 
observe  sclerotic  changes  in  the  larger  vessels,  and  at  the  medullary  part  of 
the  organ  vessels  that  should  be  small  and  inconspicuous  appear  prominent, 
dilated,  and  stiff.  The  capsule  can  be  removed  without  much  difficulty, 
but  the  exposed  surface  is  granular,  pitted,  and  fissured. 

Pathologic  Histology. — Microscopically  the  changes  in  the  blood  vessels 
are  usually  evident.  Both  destroyed  and  hypertrophied  glomerules  are  con- 
spicuous, as  are  also  the  atrophied  tubules.  In  uncomplicated  cases  of 
arteriosclerosis  the  connective  tissue  of  the  organ  is  probably  not  really 
increased,  though  it  seems  to  be  because  of  the  loss  of  parenchyma. 

Many  of  the  tufts  are  surrounded  by  greatly  thickened  capsules,  the  sig- 
nificance of  which  is  not  clear.  These  capsules  contract  upon  the  destroyed 
glomerules,  reducing  them  to  smaller  and  smaller  size  until  they  are  repre- 
sented by  small  fibrous  nodes. 

Remembering  that  the  causes  which  lead  to  arteriosclerosis  also  bring 
about  chronic  interstitial  nephritis,  it  is  unwise  to  attribute  all  the  changes 
observed  in  the  arteriosclerotic  kidney  to  the  alterations  of  circulation. 
Some  of  them,  and  especially  any  real  increase  in  the  connective  tissue 
present,  may  depend  upon  chronic  inflammation  of  the  organ. 

It  is  very  common  to  find  collections  of  lymphocytes  in  the  atrophic 
arteriosclerotic  areas.     Their  significance  is  not  understood. 

Pathologic  Physiology. — The  loss  of  glomerules  and  the  atrophy  of  the 
associated  tubules  necessarily  diminish  the  secretory  power  of  the  kidney. 
As,  however,  what  remains  of  the  kidney  structure  is  comparatively  normal, 
it  is  able  to  maintain  its  function  almost  indefinitely.  It  becomes,  therefore, 
a  condition  that  contributes  toward,  rather  than  occasions,  serious  trouble  to 
the  patient. 

Infarcts  of  the   Kidney. — The  peculiar  manner  in  which  the  inter- 
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lobular  arteries  of  the  kidney  terminate  almost  without  anastomoses  in  the 
efferent  vessels  of  the  glomerules  is  particularly  predisposing  to  the  retention 
of  whatever  emboli  enter  them.  For  this  reason  single  and  multiple, 
mechanical  and  infectious,  emboli  are  all  very  frequent  in  the  kidneys. 

Anemic  Infarctions. — These  result  from  embolism  of  arteries  which  have  no  anastomosis 
by  which  collateral  circulation  can  be  established  and  the  integrity  of  the  tissue  maintained. 

The  anemic  infarct  is  one  of  the  easiest  conditions  to  recognize.  To  the  naked  eye, 
according  to  its  age,  it  appears  as  a  slightly  elevated,  distinctly  circumscribed,  pale-colored 
area,  distinctly  visible  beneath"  the  capsule  ;  or  when  older,  as  a  depressed,  contracted,  cir- 
cumscribed, pale-yellow,  gray,  sometimes  nearly  white  area.  When  incised,  this  superficial 
area  is  found  to  be  the  base  of  a  conic-shaped  area  of  degenerated  tissue,  the  blood-supply 
of  which  has  been  shut  off  by  an  embolus  lodged  at  the  apex  of  the  cone  or  a  little  beyond 
it.  The  infarct  is  usually  surrounded  by  a  red  line  that  corresponds  to  an  inflammatory  reac- 
tion in  the  healthy  tissue  surrounding  the  infarct.  If  the  tissue  be  examined  microscopically, 
it  is  found  that  the  anemic  tissue  first  shows  a  cellular  change  resembling  cloudy  swelling,  but 
that  it  soon  falls  into  a  condition  of  coagulation  necrosis  in  which  the  cells  are  represented  by 
molecular  debris  containing  the  fibers  of  preexisting  connective  tissue.  In  the  course  of 
time  the  reaction  of  the  devitalized  tissue  upon  the  healthy  brings  about  a  proliferation  of 
connective  tissue  which  contracts  and  squeezes  upon  the  infarct ;  this  in  turn  becomes  smaller 
and  smaller  from  the  absorption  of  its  necrotic  tissue  until  ultimately  nothing  remains.  In 
time  the  surface  of  the  kidney  is  pitted  by  a  rather  deep,  somewhat  stellate  cicatrix,  which, 
upon  section,  is  seen  to  be  produced  by  a  thick  band  of  cicatricial  tissue  extending  more  or 
less  deeply  through  the  organ,  perpendicularly  to  the  external  surface. 

Hemorrhagic  infarction  of  the  kidney  differs  from  anemic  infarction  in  that  the  infarcted 
tissue  is  saturated  with  blood  which  causes  it  to  be  dark  red  and  swollen  in  appearance. 
The  shape  of  the  affected  area  is  the  same,  and  in  the  course  of  time  the  destruction  of  the 
erythrocytes,  the  transformation  of  their  hemoglobin  into  hemosiderin,  and  the  absorption  of 
this  pigment  transform  the  originally  hemorrhagic  infarct  into  what  is  to  all  appearances  an 
anemic  infarct.     The  subsequent  stages  are  the  same. 

Infectious  embolism  of  the  kidney  adds  to  the  described  changes  the 
lesions  peculiar  to  the  bacteria  contained  in  the  emboli — that  is,  abscess, 
tubercle,  etc.  The  most  frequent  infectious  emboli  come  from  the  cardiac 
valves  in  malignant  endocarditis,  and  in  most  cases  carry  with  them  pyogenic 
bacteria.  Metastatic  abscesses  result,  and  the  infarction  is  ultimately  entirely 
obscured  by  suppuration. 

Miliary  metastatic  abscesses  result  from  the  dissemination  through  the  blood  of  minute 
infectious  emboli — single  bacteria  or  small  groups  of  them.  These,  when  retained  in  the 
kidney,  produce  small  focal  inflammations — miliary  abscesses.  They  vary  in  size  from  the 
smallest  dot  to  a  millet  seed,  and  usually  occur  about  the  small  veins  or  in  the  capsules  of  the 
glomerules.  Sometimes  the  bacteria  grow  in  masses  in  the  capillary  loops  of  the  glomerules 
and  obstruct  them,  at  times  causing  an  accumulation  of  cellular  exudate  in  the  surrounding 
spaces  and  destruction  of  the  epithelial  covering  of  the  glomerules.  Ultimately  a  minute  focus 
of  purulent  infiltration  is  found  to  surround  the  entire  glomerule,  extending  from  it  in  all 
directions,  and  invading  the  interlobular  tissue.  The  epithelial  cells  in  the  tubules  contigu- 
ous to  the  inflammatory  area  show  marked  changes,  and  many  undergo  necrosis  and  are 
desquamated.  The  pus-cells  may  invade  the  tubules  themselves,  and  some  may  escape 
with  the  urine. 

The  majority  of  these  little  abscesses  no  doubt  heal  by  the  simple  absorption  of  the  cells 
and  destruction  of  the  bacteria.  Sometimes  they  spread  and  lead  to  suppuration  and 
destruction  of  the  entire  organ,  producing  a  lesion  similar  to  the  so-called  surgical  kidney. 
The  escape  of  the  bacteria  through  the  kidney  into  its  pelvis,  or  the  extension  of  the  inflam- 
matory process  directly  to  the  pelvis  of  the  kidney,  leads  to  the  condition  known  as  pyelo- 
nephritis. 

Pathologic  Physiology. — The  function  of  the  kidney  is  impaired  according  to  the  extent 
of  the  lesions  present.  As,  however,  considerable  portions  of  the  secreting  substance  of  both 
kidneys  can  be  removed  by  experiment  or  disease  without  material  danger  from  impeded 
excretion,  no  important  constitutional  symptoms  may  be  observed. 

The  urine  may  contain  some  blood  and  albumin  which  enter  from  the  diseased  areas.  In. 
cases  of  abscess  formation,  pus  may  be  present  in  the  urine. 

Nephritis ;  Inflammation  or  Degeneration  of  the  Kidney ; 
Bright's  Disease. — The  kidneys  form  the  chief  avenues  for  the  elimina- 
tion of  many  toxic  substances  dissolved,  but  not  destroyed,  in  the  blood. 
Through  their  delicate  capillary  glomerules  and  tubular  epithelial  cells  pass 
the  greater  part  of  the  surplus  water  and  effete  materials  of  the  body.  No 
better  illustration  of  the  importance  and  activity  of  the  organs  is  necessary 
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than  that  furnished  by  the  observation  of  the  suspension  of  their  function  in 
the  course  of  Brighfs  disease  or  nephritis. 

The  true  nature  of  nephritis  is  not  known.  The  cases  vary,  some  appear- 
ing purely  degenerative,  others  more  distinctly  inflammatory  in  nature, 
depending  upon  the  variety,  severity,  and  duration  of  the  case.  One  must 
bear  in  mind,  however,  that  the  kidney  is  an  organ  almost  purely  parenchy- 
matous in  structure,  so  that  its  inflammatory  lesions  differ  from  those  of 
organs  rich  in  connective  tissue  ;  also  that  the  function  of  the  organ,  being 
essentially  excretory,  the  tendency  is  for  its  cells  to  take  up  from  the  blood 
those  very  substances  that  produce  the  degenerative  changes. 

Etiology. — A  more  or  less  marked  nephritic  change  occurs  in  nearly  all 
the  infectious  diseases,  where  it  may  depend  either  upon  the  presence  of 
micro-organisms  in  the  substance  of  the  organ,  as  in  septicemia ;  upon  the 
elimination  of  toxins  from  the  blood,  as  in  diphtheria ;  or  upon  the  general 
systemic  disturbances  due  to  high  fever  and  altered  metabolism.  Toxic 
substances,  such  as  cantharides,  turpentine,  phosphorus,  etc. ,  produce  marked 
alterations  of  the  kidneys,  beginning  in  hyperemia  and  ending  in  degenera- 
tion. 

One  of  the  first  indications  of  damage  is  found  in  the  presence  of  serum- 
albumin  in  the  urine,  as  well  as  in  the  fact  that  the  function  of  the  organ  is- 
disturbed,  so  that  a  diminution  in  the  urinary  excretion  occurs. 

Acute  parenchymatous  nephritis,  acute  nephritis,  acute  hematogenous 
degeneration  of  the  kidney,  or  acute  tubular  nephritis,  is  one  of  the  renal 
diseases  in  which  certainty  of  classification  fails.  It  is  a  parenchymatous, 
disease  with  all  the  appearances  of  cellular  degeneration,  but  at  the  same 
time  is  accompanied  by  congestion  and  various  cellular  changes  that  make  it 
appear  as  an  inflammation.  Its  degenerative  character  is,  furthermore, 
shown  by  the  fact  that  it  accompanies  or  follows  conditions  predisposing 
rather  to  degeneration  than  to  inflammation. 

Etiology. — The  disease  sometimes  occurs  in  individuals  whose  apparently 
normal  condition  affords  no  explanation  for  it.  More  frequently,  however,  it 
occurs  in  those  already  suffering  from  such  constitutional  disorders  as  dia- 
betes, gout,  icterus,  etc.  ;  or  in  those  acutely  ill  from  the  infectious  diseases, 
especially  diphtheria,  scarlatina,  variola,  measles,  croupous  pneumonia, 
typhoid  fever,  erysipelas,  septicemia,  pyemia,  sapremia,  cholera,  acute  in- 
flammatory rheumatism,  yellow  fever,  relapsing  fever,  etc. 

It  also  occurs  after  the  ingestion  of  certain  poisons,  such  as  corrosive  sub- 
limate, arsenic,  phosphorus,  cantharides,  petroleum,  chromic  acid,  etc. 

These  facts  explain  the  tendency  to  consider  the  lesion  a  toxic  degenera- 
tion rather  than  an  inflammatory  condition,  for  in  all  the  causes  mentioned 
it  probably  results  from  the  endeavor  to  eliminate  some  poison  circulating  in 
the  blood. 

Cold  and  exposure,  which  at  times  seem  to  be  exciting  causes  of  the 
affection,  may  operate  solely  by  increasing  the  functional  activity  of  the 
organs  to  so  marked  a  degree'  that  an  intoxication  through  which  the  patient 
might  have  passed  in  safety,  becoming  doubled  in  its  intensity,  acts  destruc- 
tively upon  them. 

The  morbid  anatomy  of  acute  parenchymatous  nephritis  will  vary  accord- 
ing to  the  degree  of  damage  done.  Indeed,  the  changes  found  in  fatal  cases 
may  appear  so  insignificant  that  one  is  tempted  to  think  the  organ  normal. 
More  frequently,  however,  the  kidneys  are  more  or  less  enlarged,  sometimes 
even  to  double  their  normal  size.  They  are  usually  congested,  red  in  color, 
feel  softer  than  normal,  and  are  more  or  less  edematous.  The  capsule  is. 
smooth  and  loose. 

When  incised,  the  organs  are  usually  juicy,  bloody  fluid  escaping  and  ob- 
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scuring  the  cut  surface,  upon  which  bleeding  vessels  can  be  seen.  When 
the  cut  surface  is  freed  of  blood  by  scraping  or  washing,  a  marked  difference 
between  the  cortical  and  medullary  portions  is  observed. 

The  cortex  is  usually  pale  gray  or  grayish-red  in  color,  while  the  medulla 
is  dark  red.  The  pale  color  of  the  cortex  depends  upon  swelling  of  the 
affected  cells  and  the  pressure  they  exert  upon  the  capillaries  that  are  emptied, 
so  rendering  the  cortex  anemic.  The  less  marked  swelling  of  the  cells  and 
the  larger  size  of  its  vessels  permit  the  medulla  to  remain  congested.  A 
yellowish  tinge  of  the  cortex  usually  depends  upon  fatty  change  of  its  cells. 

When  the  cut  surface  is  closely  examined,  the  glomerules  may  be  dis- 
tinctly seen  as  red  dots.  If,  however,  they  are  not  congested  or  their  cap- 
sules filled  with  inflammatory  exudate,  it  may  be  impossible  to  see  them. 


Fig.  337. — Acute  parenchymatous  nephritis  (catarrhal)  :  a,  Tubule  denuded  of  «  large 
part  of  its  epithelium  ;  b,  cells  in  a  condition  of  degeneration  ;  t,  mass  of  desquamated  cells  in 
a  tubule. 

The  capsule  of  the  organ  strips  off  readily,  leaving  a  smooth,  pale,  purplishj 
shining,  translucent  surface,  marked  with  small  veins. 

In  very  pronounced  cases  the  cortical  substance  may  contain  small,  irregu- 
larly shaped,  scattered,  whitish  or  yellowish  areas  of  irregularly  distributed 
fatty  metamorphosis  of  the  cortex.  When  considerable  fatty  metamorphosis 
is  present,  little  fat-droplets  appear  upon  the  moist  cut  surface  of  the  kidney. 

Pathologic  Histology. — The  microscopic  appearances  and  distribution  of 
acute  nephritis  also  vary  in  different  cases,  sometimes  seeming  to  affect  chiefly 
the  glomerules  {glomerulonephritis'),  sometimes  being  chiefly  seated  in  the 
convoluted  tubules  {hibulonephritis'),  and  sometimes  affecting  all  the  paren- 
chymatous substance. 

When  the  glomerules  of  the  kidney  are  most  markedly  affected,  the  lesion 
is  called  glomerulonephritis.  It  is  most  frequentj  in  scarlatina  and  diph- 
theria. The  capsular  space  is  usually  filled  with  inflammatory  products,  con- 
sisting of  desquamated  and  more  or  less  degenerated  glomerular  and  capsular 
epithelium,  leukocytes,  erythrocytes,  and  granular  matter,  mostly  albuminous, 
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though  sometimes  fibrinous  in  nature.  The  cells  may  show  a  granular  de- 
generation, or  may  be  in  a  condition  of  fatty  metamorphosis.  If  the  de- 
structive processes  have  not  progressed  too  far,  it  may  be  found  that  pro- 
liferation of  the  epithelium  has  preceded  desquamation  and  necrosis.  This 
will  be  shown  by  the  presence  of  karyokinetic  changes  which  indicate  regen- 
erative efforts  at  the  replacement  of  lost  cells.  The  number  of  erythrocytes 
is  variable,  and  may  be  taken  as  an  indication  of  the  extent  of  the  vascular 
injury.  The  escaped  blood  fills  up  whatever  space  remains  within  the  capsules, 
and  flows  down  the  tubule,  where  it  coagulates  in  little  cylinders  correspond- 
ing to  the  interior  of  the  tubule.  Here  are  formed  the  "  blood-casts  "  some- 
times found  in  the  urine. 

The  glomerular  capillaries  may  be  full  of  blood,  or  may  contain  many 
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Fig.  338. — Acute  parenchymatous  nephritis,  scarlatinal  variety.  The  illustration  shows  a 
glomerule  whose  capsular  space  is  nearly  obliterated  by  an  accumulation  of  leukocytes,  des- 
quamated epithelium,  proliferated  epithelium,  and  cellular  and  fibrinous  exudate.  Most  of 
the  tubules  in  the  immediate  neighborhood  were  nearly  normal. 

leukocytes.  Very  frequently  larger  cells  with  fatty  degenerated  protoplasm 
and  fragmented  nuclei  are  found  within  the  capillaries.  These  somewhat 
resemble  fatty  degenerated  leukocytes,  but  are  probably  detached  and  degen- 
erated endothelial  cells. 

Disease  of  the  glomerules  alone  is  a  rare  condition.  More  frequently 
combined  glomerular  and  tubular  changes  are  present,  and  in  the  common 
form  of  parenchymatous  nephritis  the  majority  of  the  glomerules  escape,  while 
the  tubules  suffer.  For  this  reason  the  term  acute tubularnephritis  has  some- 
times been  used.  By  most  clinicians  and  pathologists,  however,  the  cases 
are  known  as  acute  parenchymatous  nephritis  or  acute  catarrhal  nephritis, 
according  to  the  variety,  of  change  present.  The  uriniferous  tubules  are 
more  frequently  affected  high  up — that  is,  in  the  convoluted  tubules — than 
elsewhere,  though  in  the  particular  form  know  as  catarrhal  nephritis  the 
47 


738  THE   URINARY  SYSTEM. 

epithelium  as  far  down  as  the  collecting  tubules  is  profoundly  altered,  and 
frequently  desquamates,  leaving  the  tubules  bare. 

The  cellular  changes  observed  in  the  tubules  of  the  kidney  vary  accord- 
ing to  the  kind  and  severity  of  the  process.  Thus,  in  the  intoxication  of 
diphtheria,  ricin,  abrin,  cantharides,  chromic  acid,  and  corrosive  sublimate, 
there  may  be  more  or  less  localized  necrotic  foci,  which  become  apparent 
upon  microscopic  examination  as  areas  in  which  the  cells  no  longer  stain  well 
and  in  which  the  nuclei  are  fragmented.  The  irregular-sized,  scattered, 
nuclear  fragments  frequently  show  a  marked  affinity  for  certain  stains,  notably 
methylene-blue.  The  protoplasm  of  the  necrotic  cells  may  be  granular  or 
hyaline,  sometimes  splitting  up  into  irregular  hyaline  blocks. 

In  a  far  greater  number  of  cases  the  action  of  the  circulating  poisons 
causes  a  more  general  process,  involving  parts  or  even  the  whole  length  of 
the  tubules. 

In  mild  cases  the  cells,  chiefly  of  the  convoluted  tubules,  show  cloudy 
swelling ;  or  the  cloudy  swelling  may  involve  nearly  every  cell  in  the  kid- 
ney, extending  the  whole  length  of  the  tubules.  In  more  severe  cases  the 
cellular  change  is  fatty,  the  metamorphosis  being  first  observed  in  the  con- 
voluted tubules,  next  in  Henle's  tubules,  and  lastly  in  the  collecting  tubules. 

When  the  cells  of  the  kidney  are  in  a  state  of  cloudy  swelling,  the  organ 
is  translucent,  grayish,  anemic,  and  somewhat  enlarged ;  when  fatty,  the 
yellowish  color  of  the  fat  is  distributed  in  streaks  and  spots  throughout  the 
kidney. 

Microscopically,  cloudy  swelling  causes  the  cells  to  appear  enlarged  and 
abnormally  granular.  They  may  show  retrogressive  changes  of  the  nucleus. 
Sometimes  a  hydropic  condition  is  added,  so  that  the  protoplasm  becomes 
vacuolated.  The  cells  usually  remain  attached  to  the  basement-membrane. 
Fatty  degeneration  when  present  is  unmistakable,  though  sometimes  the 
occurrence  of  small  pigment-granules  in  the  cells  may  occasion  some  doubt. 
The  fatty  change  is  most  noticeable  in  the  convoluted  tubules,  but  may  also 
occur  lower  down. 

Nephritis,  in  which  the  cells  are  desquamated  and  removed  from  the  kid- 
ney, is  described  as  catarrhal  or  desquamative.  The  cells  escape  with  the 
urine,  but  may  be  so  altered  by  the  disease  that  when  subsequently  found  in 
the  urine  they  may  be  unrecognizable.  To  such  fatty  degenerated  cells  the 
name  compound  granule  cells  is  frequently  applied. 

In  such  cases  an  effort  at  regeneration  is  manifested  by  karyokinetic  changes 
in  the  nuclei  of  the  remaining  cells,  so  that  after  severe  attacks  of  acute 
parenchymatous  nephritis,  with  marked  destruction  and  desquamation  of 
cells,  the  kidney  may  be  completely  restored. 

In  parenchymatous  nephritis  the  cells  are  the  chief  structural  elements 
affected,  but  cases  studied  microscopically  always  show  some  changes  of  the 
interstitial  tissue  and  are  accompanied  by  the  collection  of  products  of  in- 
flammation in  the  tubules.  These  usually  form  cylinders  that  are  described 
as  urinary  cylinders,  or  more  familiarly  as  tube-casts. 

Tube-casts  are  of  various  composition.  Tliey  sometimes  consist  of  perfectly  transparent 
hyaline  substance,  supposed  to  be  similar  to  fibrin,  and  are  then  called  hyaline  casts.  Their 
substance  is  adhesive,  and  to  them  adheres  molecular  matter  resulting  from  cellular  degenera- 
tions, pigment  molecules,  minute  crystals,  desquamated  renal  cells,  leukocytes,  etc. 

Blood-casts  are  formed  by  the  coagulation  of  extravasated  blood  in  the  uriniferous  tubules. 
Sometimes  the  entire  epithelial  hning  of  a  tubule  is  desquamated  for  some  distance,  and  suc- 
ceeds in  escaping  from  the  tubule,  forming  epithelial  casts.  Sometimes  hyaline  casts  are  called 
epithelial  when  epithelial  cells  adhere  to  them. 

The  parenchymatous  degeneration  of  the  renal  cells  also  seems  to  result  in  the  exudation 
from  their  cytoplasm  of  minute  granules,  which  collect  in  the  tubules  and  form  more  or  less 
complete  moulds,  which,  when  later  observed  in  the  urine,  are  known  2& granular  casts.  When 
these  are  composed  of  very  fine  molecular  matter,  they  are  usually  specifically  denominated 
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pale  granular  casts.  When  the  granules  are  coarse  and  are  not  so  much  the  result  of  the 
conglomeration  of  albuminous  as  of  fatty  molecules,  the  larger  darker  granules  form  dark 
granular  casts.  In  chronic  nephritis,  both  parenchymatous  and  interstitial,  but  especially  in 
the  interstitial  form  and  in  amyloid  disease,  a  peculiar,  solid,  translucent  cylinder  of  slightly 
yellowish  color  and  slightly  brittle  consistence  is  occasionally  seen— the  waxy  cast.  Some- 
times these  react  typically  to  the  iodin  test  for  amyloid  substance. 

A  microscopic  study  of  the  urine  in  nephritis  is  of  extreme  diagnostic  importance,  as  by  it 
only  can  be  discovered  what  form  of  kidney  disease  exists ;  and  very  often  a  correct  judgment 
of  the  nature  and  extent  of  the  process  can  be  ascertained  from  such  an  examination. 

In  acute  parenchymatous  nephritis  there  are  few  alterations  outside  of  the 
glomerules  and  tubules  of  the  kidney.  In  cases  in  which  the  changes  are 
acute  and  the  kidney  considerably  swollen,  distended  vessels,  edema  of  the 
cellular  tissue,  and  occasional  fibrin  and  corpuscular  deposits  are  observed  in 
the  stroma  of  the  kidney.  These  serve  to  separate  the  tubules,  and  may 
lead  one  to  infer  that  the  connective  tissue  is  hyperplastic.  The  inflamma- 
tory edema  is  probably  infectious  in  origin. 

When  this  condition  is  marked  and  the  round-cell  infiltration  is  consider- 
able, the  term  inflammatory  edema  is  used  to  describe  it.  The  cellular  infil- 
trations are  usually  observed  near  the  capsule  in  the  neighborhood  of  the 
vena  stellata  and  along  the  lines  of  the  interlobular  veins.  There  are  fre- 
quent infiltrations  in  the  boundary  layer  of  the  cortex. 

In  diphtheria  these  cellular  infiltrations  are  extremely  common,  and  give 
the  lesions  a  truly  interstitial  character.  The  cells  are  in  part  leukocytes,  in 
part  lymphocytes,  but  in  large  part  plasma  cells. 

Acute  parenchymatous  nephritis  may  terminate  in  perfect  recovery,  or 
may  recur  and  lead  to  conditions  'kno'^n.  c!i\T\\c^y  djs,  subacute  nephritis ;  or 
by  frequent  relapses  may  become  chronic.  Many  of  the  severe  cases  termi- 
nate fatally. 

Pathologic  Physiology. — The  interference  of  acute  parenchymatous 
nephritis  with  the  function  of  the  kidney  varies  according  to  the  extent 
of  the  changes  present. 

In  wide-spread  glomerulonephritis  the  accumulation  of  the  inflammatory 
products  in  the  capsular  spaces  and  the  destruction  of  the  glomerules  may 
entirely  suppress  the  secretion  of  urine.  The  entire  renal  secretion  being 
thus  interrupted,  the  patient  necessarily  dies  with  the  symptoms  of  uremia 
{q.  v.").  When  the  lesion  is  less  wide-spread,  the  urine  is  diminished  in 
quantity  and  altered  in  quality  from  the  addition  of  the  products  of  inflam- 
mation. It  then  becomes  scanty,  of  high  specific  gravity,  dark  in  color, 
and  rich  in  salts  and  albumins.  Microscopic  examination  shows  the  pres- 
ence of  blood  corpuscles,  pus  corpuscles,  desquamated  epithelial  cells,  and, 
above  all,  the  tube-casts  already  described. 

When  the  disease  is  essentially  situated  in  the  tubules  and  their  secreting 
cells  are  destroyed,  the  formation  or  elimination  of  urea  is  suspended  and  the 
condition  becomes  as  critical  to  the  patient  as  those  cases  in  which  no  urine 
is  secreted. 

The  retention  of  the  urinary  constituents  within  the  blood  occasions  a 
variety  of  disturbances  in  other  organs.  Compensatory  elimination  is 
attempted  by  the  alimentary  apparatus,  so  that  vomiting  and  diarrhea  may 
occur.  The  cardiac  pressure  rises  to  aid  the  passage  of  blood  through  the 
kidney.  The  patient  suffers  from  the  auto-intoxication,  and  headache,  visual 
disturbances,  and  convulsions  occur.  Convulsions  are  numerous  in  death 
from  uremia. 

In  chronic  nephritis,  and  especially  in  chronic  interstitial  nephritis,  the 
occurrence  of  uremia  and  the  death  of  the  patient  may  be  deferred  for  a 
long  time,  the  system  seeming  to  be  able  to  accommodate  itself  to  diminu- 
tion of  excretion. 
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Chronic  Parenchymatous  Nephritis. — It  is  a  difiScult  question  to  decide 
whether  cases  of  acute  nephritis  become  chronic  by  repeated  relapses  of  the 
acute  form,  or  whether  these  supposedly  acute  cases  with  relapses  have  been 
essentially  chronic  from  the  beginning. 

Chronic  parenchymatous  nephritis  differs  from  the  acute  form  in  that  it 
is  clinically  characterized  by  an  insidious  onset  and  by  comparatively  mild 
symptomatology.  It  is,  however,  subject  to  frequent  acute  exacerbations  in 
which  the  destruction  of  the  kidneys  probably  progresses  rapidly. 

Etiology. — The  etiology  of  the  disease  is  very  obscure.  '  It  is  supposed 
to  depend  upon  the  continuous  excretion  of  irritating  metabolic  products, 
and  is  to  be  looked  upon  as  a  disease  of  elimination. 

It  is  progressive  and  probably  does  not  recover,  but  either  terminates 
fatally  during  one  of  the  exacerbations,  or  changes  by  increase  of  the  con- 
nective tissue  so  as  to  resemble  chronic  interstitial  nephritis.  The  essential 
lesions  are  chronic  degeneration  of  the  parenchyma  and  progressive  increase 
of  the  connective  tissue. 

Morbid  Anatomy. — The  macroscopic  changes  are  varied.  The  typical 
appearance  is  familiarly  known  as  large  white  kidney,  the  organ  being  greatly 
increased  in  size  and  pale  in  color.  Its  consistence  is  softer  than  normal, 
though  it  may  be  loosely  attached  if  the  disease  be  not  advanced. 

The  incised  surface  shows  the  cortex  of  the  organ  to  be  thickened  and 
to  vary  in  color,  sometimes  being  uniformly  yellowish,  sometimes  variegated 
by  irregular  mottling  or  striping  of  the  normal  parts  with  grayish-yellow  or 
yellowish  white.  There  may  be  small  hemorrhages  into  the  cortical  sub- 
stance.    The  medullary  substance  is  usually  congested  and  distinctly  striped. 

In  other  cases  the  enlargement  of  the  organ  is  not  very  noticeable,  and 
the  pale  color  is  absent. 

Very  chronic  cases  are  characterized  by  the  small  size  of  the  kidney, 
which  has  a  granular  surface,  from  contraction  of  intertubular  connective 
tissue  and  loss  of  substance  by  degeneration.  This,  which  probably  repre- 
sents contraction  of  an  originally  enlarged  kidney,  is  called  pale  granular 
kidney,  in  contradistinction  to  the  red  granular  kidney  of  chronic  intersti- 
tial nephritis. 

Pathologic  Histology. — The  microscopic  features  of  chronic  parenchyma- 
tous nephritis  consist  essentially  of  a  fatty  degeneration  of  the  cytoplasm 
of  the  renal  cells.  There  are  great  variations  in  the  extent  of  this  change, 
very  considerable  change  being  observed  in  cases  in  which  the  macroscopic 
lesions  are  pronounced ;  very  little  change  in  those  cases  in  which  the  naked- 
eye  alterations  are  few. 

The  fatty  metamorphosis  occurs  in  the  epithelium  of  the  glomerules  and 
of  the  uriniferous  tubules ;  also  in  the  endothelium  of  the  blood  vessels. 
In  addition  to  the  simple  degenerative  changes  observed  in  the  parenchyma, 
there  are  found  an  appreciable  amount  of  inflammatory  edema  and  a  slight 
degree  of  round-cell  infiltration  in  the  interstitial  connective  tissue.  The 
greater  the  duration  of  the  case,  the  more  appreciable  the  changes  in  the 
connective-tissue  stroma.  In  very  chronic  cases  round-cell  infiltration, 
hyperplasia  with  induration,  contraction,  and  atrophy  are  found.  These 
changes  gradually  cause  the  large  white  kidney  to  change  into  the  white  con- 
tracted kidney  or  pale  granular  kidney.  In  the  atrophic  stage  thie  glome- 
rules are  destroyed  one  by  one,  and  the  related  tubules  atrophy. 

The  glomerules  show  a  great  variety  of  changes  more  or  less  closely  re- 
sembling those  of  acute  nephritis.  The  covering  epithelium  may  proliferate 
or  degenerate,  the  capsular  space  may  be  filled  with  the  products  of  tissue 
growth  or  destruction,  the  endothelium  of  the  capillaries  may  thicken,  the 
cells  alter  their  shapes,  and  the  circulation  be  obstructed ;  or  the  endothelial 
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cells  and  fibroblasts  may  form  tissue  masses  which  cause  the  glomerules  to 
become  fibroid.  There  is  a  distinct  thickening  of  the  capsular  connective 
tissue  about  the  glomerules,  but  never  so  marked  as  in  the  chronic  inter- 
stitial nephritis.  From  the  diseased  glomerules  inflarhmatory  exudate  may 
enter  and  collect  in  the  capsular  space  and  tubules  in  the  form  of  hyaline, 
or  more  frequently  granular,  tube-casts. 

The  glomerules  are  frequently  transformed  into  homogeneous  or  granular 
masses,  this  change  seeming  to  be  preceded  by  proliferative  cellular  changes 
that  result  in  the  closure  of  the  capsular  space,  pressure  upon  the  glomerule, 
and  ultimate  extinction  of  its  nutrient  supply. 

The  tubular  changes  consist  of  fatty  degeneration  and  destruction  of  the 
secreting  cells,  which  not  infrequently  detach  from  the  basement-membrane 
and  escape  from  the  tubule  before  their  dissolution  is  complete.  This  char- 
acterizes chronic  catarrhal  nephritis.  The  extent  of  the  cellular  destruction 
varies,  being  most  constant  and  pronounced  in  the  large  white  kidney.  In 
kidneys  with  the  variegated  appearance  the  cellular  changes  are  most  pro- 
nounced in  the  fatty  degenerated  areas,  while  in  glomerulonephritis  practically 
no  damage  is  done  to  the  tubular  epithelium. 

The  fatty  change  is  seldom  equal  in  all  parts  of  the  kidney,  the  chief 
ravages  being  in  the  convoluted  tubules.  Healthy  or  comparatively  healthy 
tubules  may  be  found  close  by  those  showing  advanced  fatty  change.  Fatty 
granules  formed  by  the  degeneration  of  the  cells  frequently  collect  in  the 
tubules  and  form  granular  casts.  These  granules  seldom  consist  exclusively 
of  fat,  cellular  d6bris,  leukocytes,  erythrocytes,  minute  crystals,  pigment- 
granules,  etc.,  being  also  present.  The  cells  of  the  tubules  are  pigmented, 
indicating  disease  elsewhere. 

The  connective-tissue  changes  consist  of  scattered  areas  of  round-cell  infil- 
tration, more  or  less  edema,  and  irregular  fibroid  proliferations  in  areas 
usually  rich  in  cells.  The  fibrous  change  frequently  affects  the  glomer- 
ular capsules  and  leads  to  thickening.  There  is  little  actual  damage  done  the 
glandular  substance  by  the  contraction  of  the  connective  tissue,  the  reduction 
in  size  depending  more  upon  atrophy  than  upon  compression,  the  irregular 
granular  surface  depending  upon  atrophy  of  the  tubular  tissue. 

The  edematous  and  proliferated  connective  tissue  may  contain  free  fat- 
droplets  or  occasional  leukocytes  laden  with  fat-droplets  resulting  from  cellu- 
lar destruction. 

Acute  interstitial  nephritis  is  usually  of  hematogenous  origin,  as  in 
diphtheria,  but  may  result  from  the  extension  of  inflammation  from  the 
pelvis  of  the  kidney  {^pyelonephritis^  to  the  organ  itself  by  continuity  of 
tissue  and  conduction  through  the  lymphatic  vessels. 

The  micro-organisms  known  to  be  associated  with  it  are  the  pyogenic 
cocci,  the  typhoid  and  colon  bacilli,  and  the  pneumococcus. 

The  micro-organisms  enter  the  kidney  as  emboli,  and  lodge  in  the  smaller 
vessels,  especially  the  loops  of  the  glomerules.  In  a  short  time  the  peri- 
vascular connective  tissue  becomes  infiltrated  with  round-cells.  If  the  em- 
bolus lodge  in  a  glomerule,  the  round-cells  may  be  present  between  its 
capillary  loops,  and  also  in  the  pericapsular  areolar  tissue.  When  the  em- 
bolism takes  place  in  some  extra-glomerular  vessel,  the  intertubular  connec- 
tive tissue  becomes  infiltrated,  sometimes  for  a  considerable  distance  along 
the  course  of  the  vessel.  The  irritation  of  the  bacterial  products  soon  acts 
destructively  upon  the  neighboring  renal  cells,  which  undergo  necrosis  or 
fatty  metamorphosis,  and  sometimes  desquamate.  The  round-cells  not  in- 
frequently crowd  between  the  epithelial  cells,  enter  the  tubules,  and  appear 
in  the  urine. 

The  resulting  damage  may  be  slight,  the  kidney  overcoming  the  bacteria 
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and  repairing  the  injuries  by  karyokinetic  changes  of  the  epithelium  of  the 
tubule  or  by  scar  formation  after  the  pus  has  been  absorbed. 

When  the  process  is  active  and  much  round-cell  infiltration  has  occurred, 
actual  dissolution  of  the  tissue  of  the  inflamed  area  and  abscess  formation 
may  take  place.  In  such  cases  evacuation  into  the  tubules  and  subsequent 
cicatrization  occur.     The  pus  may  also  be  absorbed. 

In  rare  cases  the  pyogenic  process  continues  and  the  entire  kidney  may 
be  transformed  into  a  sac  containing  pus  {surgical  kidney).  This  is,  how- 
ever, more  frequent  in  cases  originating  from  pyelitis  (see  Pyonephrosis). 

Chronic  Interstitial  Nephritis.— This  is  a  chronic  affection  of  insidious 
onset,  characterized  by  a  progressive  increase  of  the  connective  tissue  of 


ii 


/'<. 


\  ^.^^r 


.  4   i^ 


^^_ 

Fig.  339. — Chronic  interstitial  nephritis.  The  increase  of  connective  tissue  is  almost 
universal :  a,  Functional  glomerule  with  thickened  capsule ;  d,  greatly  thickened  capsule 
without  glomerule  ;  c,  glomerule  in  different  stages  of  contraction  and  extinction ;  <i,  tubules, 
some  of  which  are  atrophic. 


the  kidney,  accompanied  by  a  gradual  atrophy  of  the  essential  secretory 
elements. 

The  disease  is  characterized  clinically  by  an  increased  quantity  of  urine 
of  low  specific  gravity,  with  little  or  no  albumin  and  very  few  tube-casts,  of 
which  the  hyaline,  pale  granular,  and  waxy  varieties  only  are  found. 

Etiology. — ^The  cause  of  the  disease  is  obscure.  Some  cases  seem  to 
follow  attacks  of  the  infectious  diseases,  some  seem  to  follow  definite  intoxi- 
cations, such  as  alcoholism,  saturnism,  etc.,  while  others  depend  upon  the 
irritative  poison  of  gout  and  upon  altered  metabolic  products  the  nature  of 
which  has  not  yet  been  determined. 

Morbid  Anatomy. — The  kidney  of  chronic  interstitial  nephritis  is  small, 
dark  red  in  color,  firm  in  texture,  and  coarsely  granular  upon  the  surface — 
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Fig.  340. — Granular  and  atrophic  kidney  (Orth). 

red  granular  kidney  or  granular  contracted  kidney.  The  organ  may  be  re- 
duced to  one-half  its  normal  bulk.  Its  color  may  be  modified  by  co-existing 
anemia,  hyperemia,  and  fatty  degeneration. 


Fig.  341. — Chronic  interstitial  nephritis:  a,  Still  functional  glomerule  with  {fi)  mass  of 
newly  formed  connective  tissue  surrounding  Bowman's  capsule ;  c,  totally  destroyed  glome- 
rule ;  d,  newly  formed  cellular  connective  tissue ;  e,  atrophic  uriniferous  tubules ;  /)  slightly 
altered  uriniferous  tubules. 

The  firmness  of  texture  depends  upon  the  amount  of  connective  tissue, 
the  granular  surface  in  part  upon  traction  upon  the  capsule  by  internal  cica- 
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tricial  bands,  and  in  part  upon  atrophy  of  the  epithelial  substance  of  the 
organ. 

Cysts  varying  in  size  from  a  pin-head  or  smaller  to  a  cherry,  sometimes 
single,  but  more  frequently  multiple,  may  be  observed  upon  the  surface  of 
the  organ.  These  contain  a  straw-colored,  sometimes  watery,  fluid.  Rarely 
the  contents  are  inspissated. 

When  incised,  the  appearance  is  striking.  Marked  disproportion  between 
the  cortical  and  medullary  substance  may  be  observed,  the  cortex  appearing 
as  a  narrow  rind  or  as  a  layer  of  irregular  thickness,  some  areas  being  nearly 
normal  in  thickness,  others  very  thin.  Over  the  thinned  areas  the  capsule  is 
usually  thickened.  It  is  with  difficulty  that  the  division  of  the  cortical  sub- 
stance into  lobules  by  medullary  rays  can  be  made  out.  The  cortical  sub- 
stance is  likely  to  appear  unusually  homogeneous. 

When  an  attempt  is  made  to  strip  off  the  capsule,  it  is  found  intimately 
adherent — sometimes  so  adherent  that  scarcely  any  of  it  can  be  torn  off  with- 
out adhering  kidney  substance.  In  other  cases  the  capsule  strips  quite  readily 
from  the  more  normal  areas,  but  with  great  difficulty  from  those  that  are 
distinctly  fibrous.  The  medullary  substance  of  the  organ  usually  shows  little 
sign  of  alteration.  In  cases  with  marked  retraction,  in  which  the  kidneys 
are  reduced  to  one-half  of  their  normal  bulk,  the  medullary  substance  is  also 
atrophic. 

The  Microscopic  Appearance. — ^A  great  increase  in  the  connective  tissue 
of  the  organ  is  characteristic.  There  may  be  considerable  lymphocytic  in- 
filtration. Some  parts  of  the  tissue  show  only  a  slight  increase  of  the  con- 
nective tissue,  while  others  show  marked  increase,  the  connective  tissue 
being  dense  and  fibrillar  and  compressing  and  destroying  the  parenchyma. 

The  connective  tissue  is  found  in  considerable  quantity  about  the  venules 
and  glomerules  ;  to  a  less  marked  degree  between  the  tubules.  Every  stage 
in  the  development  of  this  tissue  can  be  observed,  but,  as  a  rule,  when  the 
disease  is  sufficiently  advanced  to  cause  death,  the  tissue  is  for  the  most  part 
of  cicatricial  density. 

The  destruction  of  the  glomerules  forms  an  important  part  of  the  his- 
tology of  the  disease.  It  occurs  in  part  from  the  irritative  action  of  sub- 
stances brought  to  the  glomerules  by  the  blood,  and  in  part  from  the  compres- 
sion of  the  glomerules  by  the  thickened  contracting  capsules.  In  some  cases 
the  conditions  point  to  a  hematogenic  influence  only.  In  these  the  glome- 
rule  is  somewhat  infiltrated  with  round-cells,  the  covering  epithelium  being 
in  a  state  of  proliferation,  of  degeneration,  and  sometimes  of  desquamation. 
The  capillary  tufts  are  less  well  defined  than  normal,  and  the  endothelium  is 
swollen  and  altered  in  shape.  From  the  glomerule  an  albuminous  transuda- 
tion occurs,  with  more  or  less  distinct  coagulation  in  the  intracapsular  space. 
Occasionally  this  deposition  of  coagulated  fibrin  occurs  in  a  laminated  form 
and  entangles  escaped  leukocytes  and  erythrocytes  from  the  capillary  tuft. 
At  other  times  the  glomerule  appears  to  be  quite  unchanged,  while  the  con- 
tracting thickened  capsule  of  Bowman  obliterates  all  visible  intracapsular 
space  and  presses  upon  the  capillary  tuft.  Whatever  the  destructive  process, 
whether  partly  due  to  intoxication,  to  arteriosclerosis,  or  to  compression,  the 
outcome  of  the  process  is  the  same,  the  glomerule  being  transformed  to  a 
structureless,  granular,  or  homogeneous  mass,  at  first  somewhat  lobulated, 
but  from  which  eventually  all  trace  of  primitive  structure  disappears.  The 
final  absorption  of  the  molecular  matter  and  the  contraction  of  the  enor- 
mously thickened  capsule  lead  to  the  formation  of  a  fibrous  nodule  in  the 
place  of  the  original  glomerule. 

The  tubules  also  suffer  in  chronic  interstitial  nephritis.  In  cases  in 
which  metabolic  or  toxic  products  cause  the  described  alterations,  the  tubules 
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frequently  show  signs  of  fatty  change,  such  as  are  observed  in  chronic  par- 
enchymatous nephritis,  though  more  limited  in  extent.  The  glomerules 
being  destroyed,  the  tubules  atrophy  and  appear  collapsed,  denuded,  and 
contracted,  so  as  to  resemble  capillary  blood  vessels. 

Not  infrequently  groups  of  entirely  normal  tubules  are  found.  Here  and 
there  dilated  tubules  and  cysts  of  small  size  resulting  from  obstruction  of 
lower  parts  of  the  tubules  are  present.  Calcareous  infiltration  of  the  denser 
portions  of  the  connective  tissue  and  sometimes  of  the  destroyed  glomerules 
may  be  observed. 

The  disease  occurs  irregularly,  all  stages  being  present  in  nearly  every 
kidney.  It  is  probably  on  this  account  that  the  disease  is  of  such  long  dura- 
tion, the  glomerules  being  destroyed  one  by  one,  their  neighbors  carrying  on  a 
vicarious  function  until  the  amount  of  remaining  secretory  tissue  is  insufficient 
to  enable  life  to  continue,  and  the  patient  dies  of  chronic  uremia  {q.  v.). 
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Fig.  342. — Amyloid  degeneration  of  tiie  Ijidney :  a,  GlomeruIe„sliowing  degeneration 
of  its  loops  ;  b,  vessel  with  degenerated  walls. 

The  healthy  glomerules  in  such  kidneys  may  appear  considerably  larger 
than  normal  and  probably  carry  on  a  compensatory  function. 

Amyloid  disease  of  the  kidney  is  not  infrequent  and  usually  occurs 
with  amyloid  disease  of  other  organs,  though  the  kidney  may  first  show  the 
change.  The  disease  manifests  itself  first  in  the  small  blood  vessels,  and  is 
usually  first  seen  in  the  glomerular  tuft. 

Morbid  Anatomy. — The  kidneys  are  frequently  larger  than  normal. 
When  but  a  slight  degree  of  amyloid  change  is  present,  it  may  pass  undis- 
covered. When  marked  and  wide-spread,  the  organ  may  have  the  usual 
translucent  appearance  and  may  have  lost  much  of  its  elasticity.  The  appli- 
cation of  Lugol's  solution  of  iodin  to  a  section  of  amyloid  kidney  causes 
the  dot-like,  red-brown  glomerules  attacked  by  the  affection  to  stand  out 
conspicuously.  When  there  is  much  associated  parenchymatous  degenera- 
tion of  the  organ,  it  may  resemble  the  large  white  kidney. 
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The  changes  begin  in  single  capillary  loops  and  spread  gradually  until 
they  embrace  a  number  of  contiguous  loops,  which  subsequently  unite  and 
transform  the  glomerule  into  a  homogeneous  or  nearly  homogeneous  mass, 
sometimes  divided  into  more  or  less  distinct  lobules,  with  here  and  there  a 
retained  nucleus. 

The  disease  spreads  from  the  glomerule  and  vasa  afferentia  to  other 
arterial  and  venous  vessels,  to  the  membrana  propria  of  the  tubules,  and  to 
the  intertubular  connective  tissue.  The  amyloid  substance  is  readily  recog- 
nized by  the  usual  color  reactions  with  iodin  and  gentian-violet. 

Amyloid  disease  rarely  occurs  in  the  kidney  without  damage  of  its  paren- 
chyma, as  is  shown  by  degenerative  changes  in  the  epithelial  cells,  not  only 
of  the  glomerular  covering  and  capsular  lining,  but  also  of  the  tubules. 
The  cells  sometimes  detach  and  disappear,  leaving  denuded  tubules  with 
thickened  amyloid  walls,  suggesting  that  the  lining  cells  have  themselves 
undergone  the  amyloid  change.  The  tubules  may  contain  casts  of  waxy, 
sometimes  true,  amyloid  substance. 

In  nearly  all  cases  of  advanced  amyloid  disease  of  the  kidney  there  is 
more  or  less  chronic  interstitial  change,  with  a  distinctly  noticeable  thicken- 
ing of  the  capsule  of  Bowman  and  an  increase  of  the  intertubular  tissue. 

There  may  also  be  associated  calcareous  infiltration  of  the  tissue. 

SPECIFIC  INFLAMMATIONS  OF  THE  KIDNEY. 

Tuberculosis  of  the  kidney  is  rather  frequent.  It  usually  affects  both 
kidneys,  though  in  the  chronic  form  it  is,  as  a  rule,  more  marked  upon  the 
one  side  than  upon  the  other. 

Miliary  tuberculosis  of  secondary  hematogenous  origin  is  very  frequent 
in  pulmonary  and  other  chronic  forms  of  tuberculosis.  It  is  caused  by 
dissemination  of  tubercle  bacilli  through  the  blood,  or  by  the  simultaneous 
entrance  of  a  number  of  bacilli  into  the  blood,  which  eventually  reach  the 
kidneys.  The  lesions  consist  of  scattered  miliary  tubercles  that  can  be 
recognized  with  the  naked  eye  as  whitish,  grayish,  or  yellowish  dots  upon 
the  surface  of  the  organ,  frequently  surrounded  by  a  narrow  zone  of 
hyperemia.  Their  substance  is  solid  and  homogeneous,  usually  firm, 
and  uniformly  grayish  or  yellowish.  The  size  varies  according  to  the 
age  of  the  lesions,  which  may  attain  the  size  of  a  pea.  The  number  of 
tubercles  varies :  there  may  be  a  single  one,  usually  they  are  few  in  number, 
but  they  may  be  very  numerous.  They  are  rather  more  frequent  in  the 
cortical  than  in  the  medullary  substance,  though  they  occur  in  both.  Some- 
times their  distribution  corresponds  to  that  of  certain  blood  vessels. 

Microscopically,  they  have  no  essential  peculiarities.  The  tubercles  are 
typical  in  appearance.  A  zone  of  capillary  congestion  is  often  seen  sur- 
rounding the  lesion,  and  beyond  this  is  an  indefinite  area  of  cloudy  swelling 
and  fatty  metamorphosis  of  the  parenchyma,  congestion,  necrosis,  etc.  The 
nodular  shape  of  the  tubercle  is  not  always  typical  in  the  kidney,  as  the 
inflammation  sometimes  occurs  along  the  intertubular  spaces  of  the  pyramids, 
and  gives  rise  to  caseous  striation.  Occasionally  a  tubercle  forms  in  a  glome- 
rule. 

Primary  tuberculosis  of  the  kidney  is  caused  by  tubercle  bacilli  carried 
by  the  organ  through  the  blood  vessels  or  through  the  lymphatic  vessels 
from  lower  parts  of  the  genito-urinary  tract. 

One  or  both  kidneys  may  be  affected.  If  the  disease  depends  upon 
hematogenous  distribution  of  tubercle  bacilli,  it  is  difficult  to  understand 
why  both  organs  should  so  frequently  be  simultaneously  diseased  without 
tuberculosis  elsewhere.     The  tubercle  may  form  in  any  part  of  the  kidney 
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substance  or  in  its  pelvis.     In  the  lymphogenous  cases  the  primitive  lesions 
are  usually  in  the  pelvis  of  the  organ,  in  the  pyramids,  or  in  the  calices. 

Beginning  as  a  miliary  tubercle,  the  disease  spreads  steadily,  invading 
new  tissue  by  continuity  and  by  lymphatic  extension.  Sometimes  it  limits 
itself  to  a  lobe  of  the  kidney  corresponding  to  a  pyramid  and  its  cortex ; 
sometimes  it  spreads  and  invades  all  parts  of  the  organ.  There  is  marked 
and  extensive  coagulation  necrosis  of  the  affected  areas,  which  take  on  a 
yellowish  or  grayish-white  color,  and  are  homogeneous  and  of  crumbly  con- 
sistence. The  necrosis  terminates  in  softening  and  ultimate  excavation  of 
the  extensively  diseased  areas,  which  evacuate  into  the  pelvis,  leaving  ragged 
cavities.  These  may  be  as  numerous  as  the  pyramids  themselves,  and  in 
many  cases  seem  to  correspond  with  them,  so  that  a  kidney  of  advanced 


Fig.  343.— Tuberculosis  of  the  kidney.  The  organ  is  viewed  from  the  surface,  exposed  by 
a  longitudinal  section.  The  cortical  substance  is  everywhere  white  and  cheesy,  the  medullary 
portion,  excavated.  The  pelvis  is  thickened,  and  a  blow-pipe  has  been  passed  through  the 
ureter  so  as  to  project  into  it. 

chronic  tuberculosis,  when  laid  open  by  a  longitudinal  incision,  shows  in 
each  half  a  series  of  irregular  excavations  or  pockets  in  which  the  pyramidal 
substance  seems  to  be  scooped  out. 

It  is  scarcely  possible  for  infectious  material  to  be  discharged  into  the 
pelvis  of  the  organ  without  infecting  it  with  tuberculosis,  so  that  before  the 
lesions  of  the  kidney  have  grown  large,  the  pelvis  becomes  thickened,  opaque, 
ulcerated,  and  full  of  scattered  tubercles.  The  pus  and  necrotic  matter 
from  the  kidney  and  pelvis  also  usually  infect  the  ureter,  both  directly 
through  its  mucous  surface  and  by  extension  along  the  lymphatics,  so  that 
it  soon  shows  more  or  less  wide-spread  tuberculous  inflammation,  becomes 
thickened,  sometimes  ulcerated,  and  not  infrequently  obstructed.  The 
necrotic  products  from  the  kidney  remaining  and  becoming  diluted  by  the 
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urine,  some  of  which  the  organ  may  still  be  able  to  excrete,  a  considerable 
dilatation  of  the  attenuated  tissue  of  the  diseased  organ  is  occasioned — a 
cold  abscess  of  the  kidney. 

In  this  way  the  kidney  may  be  transformed  into  a  large,  thick-walled, 
grayish-white  sac  full  of  curdy  pus.  The  remaining  cortical  tissue  is 
usually  necrotic  and  tuberculous.  Microscopic  study  of  the  kidneys  may 
reveal  so  little  functional  tissue  as  to  make  it  remarkable  that  life  could  be 
so  long  sustained. 

Syphilis. — Syphilitic  lesions  of  the  kidney  are  rare  and  vague.  In 
hereditary  syphilis  fibroid  induration  of  the  organ,  with  marked  contraction 
and  deformity,  is  sometimes  observed.  The  characteristic  lesion,  the  gumma, 
rarely  occurs.     Healing,  it  leaves  behind  it  the  usual  indurated,  stellate,  con- 
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Fig.    344. — Tuberculosis    of    the    kidney:  a.  Newly  formed   connective    tissue   beginning   to 
degenerate  ;  b,  giant-cells  :  c,  degenerating  tubules  ;  e,  glomerules  ;  f,  blood  vessels. 

tracted  cicatrix,  but  as  similar  scars  frequently  result  from  the  organization 
of  infarcts,  caution  is  necessary  in  differentiating  between  them. 

Lepra,  glanders,  and  actinomycosis  very  rarely  show  manifesta- 
tions in  the  kidney. 

Tumors  of  the   Kidney.— Connective=tissue  tumors  of    the   kidney 
are  rare. 

Fibroma  occurs  in  the  form  of  minute,  rarely  large  nodules,  varying  from  ■ 
the  size  of  a  pinhead  to  that  of  a  pea.     It  may  occur  in  any  part  of  the 
organ,  pushing  aside  the  renal  tissues  as  it  grows.     The  tumorals  easily  con- 
founded with  cicatrices,  but  is  usually  disdnctly  circumscribed,  while   the 
cicatrices  radiate  into  the  surrounding  tissue. 

Myxoma,  lipoma,  angioma,  and  various  combinations  of  the  simple  tissue 
tumors  are  occasionally  seen,  but  are  usually  small  and  unimportant.     The 
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tumors  may  be  situated  in  the  kidney  substance,  in  the  capsule,  or  in  the 
pelvis. 

Sarcoma  is  more  frequent,  and  is  one  of  the  most  important  renal  tumors. 

The  greater  number  are  either  congenital  or  make  their  appearance 
in  the  first  months  of  life.  They  form  tumors  of  considerable  size,  consist- 
ing of  soft,  whitish,  vascular,  medullary  tissue  masses  which  may  conform 
more  or  less  to  the  kidney  in  shape,  but  are  usually  irregular  and  cause  the 
organ  to  lose  its  morphologic  characteristics.  The  tumors  may  consist  of 
round-  or  spindle-cells  or  of  both,  and  very  frequently  contain  large  spindle- 
shaped  muscle-cells  having  transverse  striations.  When  such  cells  are  pres- 
ent, the  tumor  is  called  rhabdomyosarcoma,  sometimes  simply  rhabdomyoma. 
These  tumors,  as  Ziegler  points  out,  probably  originate  early  in  embryonal 
life.  The  congenital  sarcoma  is  likely  to  be  very  vascular,  and,  like  other 
telangiectatic  tumors  of  the  kidney,  may  occasion  considerable  hematuria. 
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Fig.  345- — Hypernephroma  of  the  kidney,  showing  the  indefinite  structure  and  the  pres- 
ence of  considerable  fat.  This  section  passed  through  the  center  of  the  main  tumor  nodule 
(Zeiss,  Oc.  II.,  Ob.  D.  D.). 

Sarcoma  of  the  kidney  may  also  occur  later  in  life,  when  it  appears  as 
more  or  less  rounded  nodes,  sometimes  well  circumscribed.  They  are  usually 
quite  vascular,  many  of  them  true  angiosarcomata.  The  so-called  perithe- 
lioma, which  grows  from  the  perithelial  tissues  of  the  vessels,  is  also  of  not 
infrequent  occurrence  in  the  kidney. 

The  tendency  of  renal  sarcoma  differs  in  the  congenital  and  acquired 
varieties.  The  former  is  exceedingly  malignant,  growing  rapidly,  disorgan- 
izing tissue,  and  causing  death,  while  the  latter  may  be  slow  in  development, 
limited  to  the  kidney,  and  give  no  metastasis  for  a  long  time. 

Epithelial  Tumors. — Under  the  name  of  strumcB  lipomatodes  aberrata 
rents  Grawitz  has  described  small  pea-  or  cherry-sized  subcapsular  growths 
of  the  kidney,  consisting  essentially  of  tissue  originally  derived  from  the 
adrenal  body  and  included  in  the  kidney  substance  as  it  develops.  These 
tumors  are  now  known  as  hypernephromata. 
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The  tumors  usually  form  circumscribed  whitish  masses,  and  were  formerly- 
mistaken  for  lipoma  and  carcinoma.  Microscopically,  their  structure  is  irregu- 
lar, like  that  of  the  adrenal  body.  There  is  a  connective-tissue  framework 
with  numerous  cells  arranged  in  nests  and  columns.  The  cells  contain  fat 
and  glycogen,  and  closely  resemble  those  of  the  adrenal  body.  When  small, 
they  may  remain  unnoticed,  but  some  of  them  take  on  rapid  growth,  exten- 
sively infiltrate  the  surrounding  tissues  (more  frequently  the  surrounding  than 
the  renal  tissues),  and  may  occasion  metastatic  secondary  growths.  These 
cases  not  infrequently  cause  death. 

Adenoma  is  rare.  It  forms  sharply  circumscribed  whitish  nodes,  varying 
in  size  from  a  pin-head  to  a  walnut,  and  is  composed  of  glandular  alveoli, 
resembling  the  adenoma  of  the  ovary.  Many  of  the  alveoli  show  a  tendency 
toward  the  formation  of  papillary  excrescences ;  some  are  distinctly  papil- 
lary. The  tumor  is  benign,  but  it  is  thought  capable  of  changing  its  dis- 
position when  proper  conditions  exist.     The  tumor  is  supposed  to  develop 


Fig.  346. — Hypernephroma  of  the  kidney.     Organ  split  longitudinally,  and  showing 
the  tumor  in  the  upper  left-hand  half. 

from  the  uriniferous  tubules  of  the  kidney,  the  alveolar  form  probably 
originating  from  convoluted  tubules,  the  cystic  and  papillary  forms,  from 
the  collecting  tubes.  Many  of  the  tumors  formerly  described'  as  adenomata 
were  probably  hypernephromata. 

Carcinoma  of  the  kidney  is  rare.  When  small,  the  tumor  may  invade  a 
part  of  the  renal  substance  and  be  fairly  well  circumscribed,  but  when  large, 
it  invades  it  extensi\'ely  and  transforms  it  into  a  tumor  mass  which  may  con- 
tinue to  conform  in  outline  to  the  kidney  itself  The  organ  may  be  increased 
in  size  so  as  to  equal  the  bulk  of  a  cocoanut.  The  tumor  usually  does  not 
infiltrate  surrounding  tissues,  though  it  nearly  always  embraces  the  pelvis. 
When  the  organ  is  incised,  the  capsule  is  found  thickened,  the  substance 
differentiated  into  nodes,  in  which  the  tumor  is  actively  growing,  and  into 
more  or  less  well-marked  intermediate  areas,  rounded  or  irregular,  in  which 
mucous  degeneration  is  in  progress.  No  kidney  substance  can  be  found. 
Hemorrhages  into  the  tissue  are  common.     Unlike  carcinoma  elsewhere. 
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renal  tumors  are  more  frequent  in  childhood  that  in  later  life,  but  they  occur 
at  all  ages.  It  may  be  that  some  of  the  renal  carcinomata  of  childhood  are 
hypernephromata  that  have  taken  on  malignant  development.  Renal  tumors 
are  nearly  always  unilateral,  but  cases  of  simultaneous  bilateral  carcinoma 
are  On  record. 

The  tumors  are  not  prone  to  give  early  metastasis. 

Cysts  of  the  kidney  are  common.  They  may  be  single  or  multiple,  and 
vary  in  size  from  a  pinhead  to  a  walnut.  They  may  occur  in  exceptional 
cases  and  singly,  in  otherwise  normal  organs,  but  are  much  more  frequent 
in  kidneys  affected  with  structural  alterations,  associated  with  or  followed  by 
obstruction  of  the  tubules.  Among  these  may  be  mentioned  collections  of 
urinary  salts  in  the  organ,  tube-casts  obstructing  the  tubules,  cicatrices  from 
infarcts,  etc.,  compressing  the  tubules,  inflammatory  conditions  of  the  pelvis 
extending  to  the  pyramids  and  obstructing  or  obliterating  the  tubules, 
chronic  interstitial  nephritis,  and  arteriosclerosis. 

The  cysts  are  formed  in  consequence  of  the  continued  excretion  of  urine 
after  tubular  obstruction,  and  are,  therefore,  simple  retention  cysts.  They 
usually  result  from  distention  of  a  single  tubule,  though  when  a  number  are 
closely  approximated,  they  not  infrequently  seem  to  unite.  The  cysts  are 
always  lined  with  epithelium,  which  usually  has  a  flattened,  almost  squamous 
appearance.  The  contents  may  be  clear  and  watery,  urinous,  inspissated,  or 
even  colloid. 

Cysts  frequently  form  in  intra-uterine  life  through  various  abnormal  con- 
ditions, and  are  then  very  numerous  and  destructive,  because  of  the  atrophy 
of  intermediate  renal  substance  caused  by  the  pressure  of  the  fluid  within 
them.  The  organs  are  sometimes  so  enlarged  by  the  cystic  distention  as  to 
cause  an  abdominal  enlargement  that  may  interfere  with  birth. 

Cystic  kidneys  similar  to  the  congenital  form  are  often  found  late,  in  life 
in  patients  that  may  or  may  not  die  of  uremia.  The  organs  are  usually 
increased  to  one  and  one-half  times  or  twice  the  natural  size,  and  are  made 
up  almost  entirely  of  cysts  and  intermediate  fibrous  septa  in  which  scattered 
renal  elements  are  found.  Such  cases  are  usually  looked  upon  as  congenital 
in  origin,  though  one  cannot  be  certain  that  they  were  not  formed  in  after- 
life. The  cysts  cause  no  inconvenience  so  long  as  the  amount  of  remaining 
kidney  substance  is  adequate  to  maintain  life.  When,  however,  the  atrophy 
of  the  intermediate  substance  exceeds  a  certain  limit,  uremia  and  death  must 
follow. 

Hydronephrosis. — A  cystic  dilatation  of  the  entire  kidney  frequently 
results  from  obstruction  of  the  ureter.  This  is  called  hydronephrosis  or 
hydrops  renalis.  Various  obstructive  changes  of  the  ureter  are  observed. 
Among  them  are  calculi,  strictures  following  inflammations,  fold  of  mucous 
membrane,  twists  and  kinks  of  the  ureter,  the  pressure  of  enlarged  organs, 
morbid  growths,  diseases  of  the  bladder  obstructing  the  outlet  of  the  ureters, 
phimosis,  enlarged  prostate,  stricture  of  the  urethra,  and  other  conditions 
making  evacuation  of  the  bladder  difficult  and  thus  remotely  influencing  the 
escape  of  urine  from  the  ureters. 

The  retained  urine  distends  the  ureter  when  the  obstruction  is  near  the 
bladder,  and  then  extends  to  the  pelvis,  which  gradually  yields,  and  by  its 
lateral  traction  opens  the  hilum  of  the  kidney,  dilates  the  calices,  and  in  the 
course  of  time  by  combined  traction,  distention,  and  atrophy,  transforms  the 
organ  into  a  sac  in  which  is  contained  a  larger  or  smaller  collection  of  liquid 

sometimes  as  much  as  from  5  to  lo  liters — and  in  the  wall  of  which  little 

or  no  remaining  kidney  substance  can  be  found. 

The  fluid  at  first  consists  of  urine,  without  much  alteration  from  the 
normal.     So  long  as  kidney  substance  is  present  in  the  sac,  the  secretion  of 
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urine  continues  and  there  is  no  important  change  in  the  iluid.  When,  how- 
ever, secretion  ceases,  the  fluid  changes  its  character  and  becomes  watery. 
This  is  followed  by  deposition  of  the  salts  of  the  urine  in  the  form  of  an 
incrusting  layer  within  the  cyst.  I  have  seen  a  case  in  which  the  kidney  in 
hydronephrosis  became  as  large  as  a  man's  head,  and  consisted  of  a  sac  of 
attenuated  fibroconnective  tissue  in  which  no  renal  structure  was  any  longer 
visible.  Its  interior  was  incrusted  with  phosphate  of  calcium  and  magne- 
sium until  a  layer  had  formed,  the  thickness  of  which  was  nowhere  l.ess  than 
\  inch,  and  in  many  places  exceeded  \  inch.     The  contents  of  the  cyst 


Fig.  347.— Congenital  cysts  of  the  kidney :  a,  Renal  artery ;  b,  renal  vein ;  c,  ureter; 
d,  pelvis  of  the  kidney ;  ^,  cysts  filled  with  clear  fluid. 


may  be  modified  by  such  accidental  conditions  as  hemorrhage  and  infection. 
When  the  kidney  is  transformed  into  a  sac  with  purulent  contents,  the  con- 
dition is  described  d&  pyonephrosis. 

Hydronephrosis  is  usually  unilateral,  but  may  be  bilateral  when  the 
obstruction  causing  it  can  operate  upon  both  ureters,  as  when  they  are  com- 
pressed by  a  pregnant  or  diseased  uterus,  or  when  the  escape  of  urine  from 
the  bladder  is  obstructed  by  an  enlarged  prostate,  stricture  of  the  .urethra,  or 
phimosis. 
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DISEASES  OF  THE  PELVIS  OF  THE  KIDNEY  AND  OF  THE  URETER. 

Pyelitis,  or  inflammation  of  the  pelvis  of  the  kidney,  occurs  in  typhoid, 
scarlatina,  variola,  pyemia,  cholera,  diphtheria,  and  other  infectious  diseases, 
in  some  intoxications,  especially  those  in  which  the  elimination  of  the  poison 
occurs  through  the  kidneys,  as  catharides,  turpentine,  and  cubebs.  The 
affection  is  catarrhal,  rarely  pseudomembranous,  and  the  tendency  is  to 
recovery  as  soon  as  the  cause  is  removed. 

The  most  important  forms  of  pyelitis  result  from  local  infection  and  from 
calculus. 

Infection  of  the  pelvis  of  the  kidney  is  usually  indirect.  Some  cases 
depend  upon  the  retention  of  pyogenic  bacteria  excreted  by  the  kidney 
during  the  course  of  infectious,  especially  pyemic,  affections. 

Many  cases  probably  result  from  infection  through  the  urinary  apparatus. 
Pyogenic  cocci  are  sometimes  carried  into  the  bladder  with  sounds  and 
catheters,  first  producing  inflammation  of  the  bladder,  and  later  ascending 
the  ureters  to  produce  inflammation  of  the  pelvis  of  the  kidney.  Pyogenic 
cocci  may  also  enter  the  bladder  directly  from  the  urethra  in  gonorrhea,  or 
indirectly  from  pelvic  abscesses,  rectal  inflammations,  and  inflammations  of 
the  uterus,  vagina,  and  neighboring  viscera,  infecting  the  bladder  contents 
and  facilitating  infection  of  the  ureters  and  pelves  of  the  kidneys. 

Retention  of  urine  with  ammoniacal  decomposition  in  the  bladder  favors 
bacterial  growth,  and  in  cases  with  distention  it  is  easy  to  understand  how 
micro-organisms  can  enter  the  dilated  ureters  and  ascend  to  the  pelves  of  the 
kidney. 

The  Bilharzia  or  Distoma  haematobium,  Eustrongylus  gigas,  Ascaris  lum- 
bricoides,  filaria,  etc.,  may  produce  pyelitis  of  varying  grades  of  severity. 

Morbid  Anatomy. — Pyelitis  may  be  catarrhal,  hemorrhagic,  pseudomem- 
branous, suppurative,  or  ulcerative,  according  to  the  peculiarities  of  the 
case.  Chronic  forms,  which  are  most  destructive,  usually  depend  upon  cal- 
culus, tuberculosis,  etc. 

In  the  catarrhal  form  the  mucous  membrane  is  reddened,  swollen,  and 
dotted  with  punctiform  hemorrhages.  The  exudation  consists  of  desqua- 
mated epithelium  and  pus.  The  lymphadenoid  tissue  of  the  pelvis  is 
increased.  When  diphtheritic  in  nature,  a  pseudomembrane  forms  upon  the 
surface  of  the  mucosa ;  when  suppurative,  pus  forms  in  the  pelvis  and 
abscesses  in  its  walls  rupture  either  internally,  leaving  ulcers  which  heal  by 
cicatrization,  or  externally  into  the  perirenal  areolar  tissue,  where  abscesses 
of  larger  ■su.e.—pennephritic  or  paranephritic  abscesses — may  form .  Suppura- 
tive pyelitis  easily  extends  from  the  pelvis  of  the  kidney  to  the  organ  itself, 
leading  to  intertubular  round-cell  infiltrations,  lymphogenic  miliary  abscesses, 
degenerations,  dissolution  of  kidney  substance,  abscesses,  and  sinuses  which 
form  the  excavations  already  described  as  surgical  kidney.  Should  the  ureter 
become  obstructed,  the  collection  of  pus  and  urine  in  the  pelvis  causes  dila- 
tation and  pyonephrosis.  Abscesses  may  empty  into  the  intestine,  bladder, 
etc.,  by  ulcerating  through  the  walls. 

Calculus. — When  the  pyelitis  is  occasioned  by  a  calculus  too  large  to 
escape  through  the  ureter,  the  condition  is  somewhat  modified,  its  cause 
being  persistent  and  productive  of  traumatic  injury.  The  lesions  thus  become 
chronic,  ulcerative,  and  sometimes  purulent.  The  extent  of  injury  depends 
upon  the  size  of  the  calculus  and  the  infection  accompanying  it.  The  most 
extreme  degree  of  local  injury  is  seen  in  rare  cases  in  which,  because  of 
atrophy  of  the  entire  renal  parenchyma,  the  organ  is  represented  solely  by  a 
thick  connective-tissue  mass  surrounding  a  large  calculus. 

Calculi  frequently  cause  hemorrhage  by  lacerating  the  delicate  tissues,     ; 
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Small  calculi  escaping  from  the  pelvis  of  the  kidney  into  the  ureter  have 
more  or  less  difficulty  in  passing,  so  that  their  sharp  projections  may  cause 
traumatic  injuries  of  the  mucous  membrane,  with  more  or  less  marked  hem- 
orrhage— the  severe  pain  characteristic  of  renal  colic. 

Such  stones  sometimes  become  imbedded  in  the  ureteral  canal,  through 
which  they  are  unable  to  escape  to  the  bladder,  and  become  permanent 
obstructions  to  the  outflow  of  urine.  Calculi  are  usually  unilateral,  but  may 
be  bilateral. 

In  chronic  inflammation  of  the  pelvis  of  the  kidney  and  of  the  ureter 
numerous  small  cysts  sometimes  occur  upon  the  mucous  membrane,  probably 
resulting  from  the  retention  of  secretion  within  small  glands  preexistent  or 
newly  formed'  in  the  tissue  {ureteritis  cystica).  Rarely,  and  especially  in 
tuberculosis,  there  is  a  peculiar  multiplication  of  the  epithelium,  with  the 
formation  of  small  bodies  of  a  scale-like  appearance  analogous  to  choles- 
teatoma. 

DISEASES  OF  THE  BLADDER. 

Congenital  malformations  of  the  bladder  are  not  uncommon.  Those  most  frequent  are 
associated  with  inadequate  development  of  the  abdominal  wall,  by  which  prolapse  of  the 
bladder — extrophy  or  inversion — occurs.  This  condition  may  be  associated  with  other  forms 
of  incomplete  union,  as  epispadias  {q.  v.). 

Abnormal  communications  between  the  bladder  and  pelvis,  rectum  and  vagina,  are  not 
infrequent.     In  some  cases  the  bladder  has  no  outlet  in  the  normal  direction. 

Rudiments  of  the  urachus  not  infrequently  remain  in  communication  with  or  attached  to 
the  bladder,  and  may  become  dilated  into  a  cyst  with  smooth  walls  and  clear  fluid  contents. 
If  the  obstacle  to  urination  develops  early,  the  urachus  may  be  dilated  and  patulous  and  serve 
as  an  outlet  for  the  urine. 

A  few  cases  of  double  bladder  are  upon  record.  They  may  be  situated  side  by  side  or  one 
above  the  other.  The  ureters  may  empty  into  either  or  both  of  the  sacs.  Congenital  diverti- 
cula somewhat  resembling  double  bladders  are  rare. 

The  bladder  may  be  entirely  absent,  the  ureters  then  opening  directly  into  the  urethra. 
The  bladder  is  sometimes  so  small  that  the  urine  must  immediately  pass  from  it  into  the 
urethra. 

Hypertrophy  of  the  bladder  is  rather  frequent  in  consequence  of  ob- 
struction to  urination,  and  is  seen  in  phimosis,  stricture  of  the  urethra,  en- 
larged prostate,  and  vesical  calculus.  The  wall  of  the  organ  becomes  thick- 
ened from  increase  of  its  muscular  substance,  the  columns  of  which  are 
unusually  apparent  upon  the  inner  wall.  The  mucosa  is  also  thickened  and 
often  rugose,  and  together  with  the  hypertrophy,  signs  of  chronic  inflamma- 
tion resulting  from  ammoniacal  decomposition  of  the  urine,  etc.,  are  often 
present. 

Dilatation  of  the  bladder  may  be  congenital  or  prenatal,  and  may  de- 
pend upon  atresia  of  the  urethra.  The  bladder  may  be  so  enormously  dis- 
tended as  to  interfere  with  birth. 

As  an  acquired  condition  it  may  depend  upon  obstruction  of  the  outlet 
of  the  bladder  or  paralysis  of  the  muscular  walls  of  the  organ.  The  obstruc- 
tive dilatation  that  occurs  in  the  adult  is  not  an  acute  process,  but  one  grad- 
ual in  development  and  associated  with  hypertrophy  of  the  muscular  walls, 
which  may  reach  S  or  6  mm.  in  thickness.  A  dilated  and  hypertrophied 
bladder  projects  forward  and  may  reach  to  the  umbilicus.  The  paralytic 
dilatation  is  usually  of  rapid  development,  and  is  accompanied  by  marked 
attenuation  of  its  walls.  It  is  not  infrequently  followed  by  rupture,  periton- 
itis, and  death. 

Rupture  of  the  bladder  may  depend  upon  traumatic  injury  or  occur 
from  pathologic  dilatation.  The  rupture  is  most  frequent  at  the  fundus 
posteriorly,  and  usually  consists  of  a  transverse  laceration.  Fatal  peritonitis 
commonly  follows.  The  traumatic  injuries  are  most  frequent  in  the  neigh- 
borhood of  the  neck  of  the  organ,  and  are  succeeded  by  escape  of  utine 
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either  into  the  surrounding  cellular  tissue  or  externally.  The  escape  of 
urine  into  the  cellular  tissue  is  particularly  dangerous,  as  extensive  phleg- 
monous suppurations  are  likely  to  follow. 

Dlyertlcula  of  the  bladder  are  occasionally  seen  as  acquired  conditions.  Their  origin 
seems  to  depend  upon  accidental  defects  of  the  muscular  wall  of  the  bladder  through  which 
a  small  pouch  of  mucous  membrane  is  enabled  to  enter  during  contraction.  Sometimes  no 
diverticulum  is  apparent  so  long  as  the  bladder  is  relaxed,  but  so  soon  as  pressure  is  brought 
to  bear  upon  the  organ ,  a  sac  consisting  of  the  mucous  membrane  is  forced  through  an  open- 
ing in  the  muscular  substance  and  projects  upon  the  outside  like  a  cyst,  varying  in  size  from 
a  pea  to  an  egg,  depending  upon  the  pressure  exerted  upon  the  bladder.  The  diverticula 
usually  form  inelastic,  thick-walled  pouches  composed  of  hyperplastic  peritoneum  and 
mucosa,  filled  with  stagnant,  decomposing,  and  often  purulent  urine.  They  communicate 
with  the  bladder  by  rather  small  openings  that  may  be  ulcerated. 


Fig.  348. — Hypertrophy  of  the  bladder-wall :  a,  b,  Inner  and  outer  orifices  of  the  urethra ; 
enlarged  prostate  ;  d^  opening  the  bladder  into  a  diverticulum  projecting  posteriorly. 


The  stagnation  of  the  urine  within  the  diverticulum  is  a  common  cause  of  calculus  forma- 
tion. 

The  diverticula  may  be  single  or  multiple,  a  few  cases  being  on  record  in  which  they  were 
very  numerous,  reaching  as  high  as  from  ao  to  50  in  number  and  varying  greatly  in  size. 
They  usually  occur  upon  the  posterior  or  lateral  walls  of  the  bladder. 

Fistulous  communications  between  the  bladder  and  other  viscera 
are  frequent  in  the  female  and  rare  in  the  male.  They  usually  result  from 
necroses  following  prolonged  pressure  of  the  child's  head  upon  the  soft  parts 
during  delayed  parturition,  or  from  instrumental  lacerations  of  the  soft  parts 
during  delivery.  Communications  of  this  kind  are  known  as  urogenital  fistula 
{q.  ?>.).  Traumatic  fistulas  between  the  bladder  and  vagina  also  occur  after 
operative  procedures  for  removal  of  the  uterus  and  from  pressure  exerted  by 
vesical  calculi. 
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Fistulous  communications  between  the  bladder  and  neighboring  viscera 
may  occur  in  consequence  of  the  ulcerations  and  necroses  caused  by  malig- 
nant disease,  suppuration,  and  traumatic  injuries.  In  suppurative  appendi- 
citis the  vermiform  appendix  sometimes  establishes  a  communication  with  the 
bladder,  through  which  it  discharges  its  purulent  contents. 

■Rectovesical  fistulas  permit  the  escape  of  the  urine  from  the  bladder  into 
the  rectum,  or  the  entrance  of  fecal  matter  into  the  bladder.  Gaseous  evacu- 
ations from  the  rectum  may  also  occur  through  the  urethra  via  the  bladder. 

All  communications  between  the  rectum  and  the  urinary  organs  are  ex- 
tremely dangerous,  because  of  the  liability  of  the  urine  becoming  infected 
with  organisms  that  may  eventually  reach  the  kidneys. 


Fig.  349. — Gangrenous  cystitis  (Riesman). 


Circulatory  Disturbances  of  the  Bladder.— Anemia  of  the  mucous 
membrane  and  walls  of  the  bladder  is  usually  seen  postmortem.  The  mucous 
membrane  is  white,  and  shows  no  injected  vessels.-  As  seen  through  the 
endoscope  or  speculum,  however,  the  mucous  membrane  is  rosy  in  color,  so 
that  it  is  probable  that  the  pallor  depends  upon  hypostasis  after  death.  As  a 
pathologic  process,  anemia  may  occur  in  consequence  of  thrombosis,  embol- 
ism, pressure,  arteriosclerosis,  and  other  vascular  changes. 

Active  hyperemia  is  characterized  by  diffuse  redness  of  the  mucosa.  It 
usually  depends  upon  infection  with  organisms  which,  like  the  gonococcus, 
enter  from  the  urethra.  The  irritating  influence  of  cantharides  and  other 
substances  eliminated  by  the  urine  may  also  cause  it. 
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Passive  hyperemia  usually  depends  upon  obstruction  of  the  inferior  vena 
cava.  It  is  characterized  by  catarrhal  inflammation,  dilatation,  and  varicosi- 
ties of  the  veins  of  the  bladder-walls.  The  dilated  veins  are  especially  nu- 
merous at  the  neck  of  the  bladder,  where  they  may  obstruct  its  outlet,  and 
when  attenuated,  may  cause  hemorrhages,  either  by  spontaneous  rupture  or 
by  injuries  inflicted  with  introduced  catheters,  sounds,  etc.  The  dilated 
veins  frequently  become  the  seat  of  thrombosis,  and  in  them  phleboliths  com- 
monly form. 

Hemorrhage  from  the  bladder  may  depend  upon  traumatic  injury,  cal- 
culus, malignant  disease,,  tuberculosis,  and  the  operation  of  certain  parasites, 
especially  the  Bilharzia  hasmatobium  {g.  v.). 

Cystitis,  or  inflammation  of  the  bladder,  is  a  very  common  affection. 
In  its  acute  form  it  is  most  frequent  in  gonorrhea ;  in  its  chronic  form  it 
results  from  calculus  or  enlarged  prostate. 

Acute  cystitis  is  usually  due  to  gonococci  and  other  pyogenic  cocci  which 
gain  entrance  from  the  urethra,  but  may  also  be  caused  by  poisons,  such  as 
cantharides,  brought  to  the  organ  in  the  urine.  It  may  result  from  unex- 
pected trauma  from  the  presence  of  previously  latent  calculi,  or  instruments 
used  to  explore  the  bladder.  Infection  of  the  urine  in  the  bladder  may  also 
occasion  it.     Sometimes  it  occurs  without  discoverable  cause. 

The  inflamed  bladder  is  usually  empty  because  of  the  frequent  urination, 
which  is  one  of  the  most  characteristic  symptoms.  The  contained  urine  is 
nearly  always  purulent  or  cloudy. 

The  mucous  membrane  is  more  or  less  injected,  swollen,  and  edematous. 
In  some  cases  pseudomembranous  deposits  may  be  found  upon  its  surface. 
Such  cases  are  most  frequently  seen  in  paralytic  distention  with  attenuation 
of  the  walls. 

The  inflammation  may  extend  from  the  mucous  membrane  vm  the 
lymphatic  system  to  the  submucosa  and  peri-urethral  tissues,  where  suppura- 
tion occurs.  The  affection  begins  locally  with  the  formation  of  swollen  and 
hemorrhagic  patches  of  necrotic  superficial  epithelium,  upon  which  grayish 
pseudomembrane  forms.  Sometimes  these  patches  become  almost  black  in 
color,  and  are  encrusted  with  phosphatic  salts,  especially  when  the  urine  is 
ammoniacal.  When  the  entire  lining  of  the  bladder  is  affected,  it  appears 
much  as  if  covered  with  a  true  diphtheritic  membrane. 

Phlegmonous  cystitis  consists  of  inflammation  of  the  bladder,  with  in- 
fection of  the  surrounding  cellular  tissue  and  considerable  suppuration.  It 
usually  depends  upon  rupture.  The  abscesses  formed  in  the  wall  of  the 
bladder  appear  upon  its  inner  surface  as  soft  yellowish  projections  which, 
when  they  rupture  and  evacuate,  as  often  happens,  leave  ulcerations  with 
undermined  borders.  Phlegmonous  cystitis  of  this  form  is  often  described  as 
paracystitis  phlegmonosa. 

Chronic  cystitis  may  follow  acute  cystitis,  but,  as  has  been  said,  is 
more  often  due  to  enlargement  of  the  prostate  gland  and  the  presence  of 
calculi  in  the  bladder,  both  of  which  conditions  are  associated  with  reten- 
tion and  decomposition  ,  of  the  urine,  local  congestion  and  irritation,  hyper- 
trophy of  the  muscular  walls,  and  infection. 

The  mucous  membrane  of  the  chronically  inflamed  bladder  is  thickened, 
roughened,  injected,  reddened,  sometimes  polypose,  not  infrequently  ulcer- 
ated, and  may  be  covered  with  mucopurulent  exudate.  The  finger-nail  or 
the  edge  of  a  knife  readily  scrapes  off  layer  after  layer  of  epithelium. 

The  contained  urjne  is  usually  alkaline,  ammoniacal,  purulent,  and  rich 
in  mucus.  Hemorrhages  into  the  bladder-walls  are  frequent,  and  cause 
deep  pigmentations  of  brownish  or  blackish  color.  Upofl  the  denuded  and 
ulcerated  surfaces  salts  of  the  urates  or  phosphates  readily  collect.     The 
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muscular  walls  of  the  organ  hypertrophy,  the  connective  tissue  increases 
in  the  submucosa,  and  the  walls,  when  incised,  seem  to  be  thick  and  callous. 
The  muscular  hypertrophy  is  compensatory  in  order  that  the  bladder  shall 
be  able  to  discharge  its  contents  through  the  obstructed  orifice. 

A  chronically  inflamed  and  ulcerated  bladder  is  always  a  source  of  danger 
from  infection,  which  may  rapidly  terminate  the  patient's  life. 

Ulcer  of  the  Bladder. — Ulcers  of  the  bladder  occur  in  both  acute 
and  chronic  cystitis.  An  unusual  form  of  cystic  ulcer  has,  however,  been 
pointed  out  by  Rokitansky  as  simple  perforating  ulcer  of  the  urinary  bladder. 
It  occurs  in  spinal  palsy,  and  is  characterized  by  a  round  necrosis  of  the 
wall  of  the  organ,  usually  occurring  upon  the  posterior  inferior  wall.  It 
leads  to  rapid  perforation,  with  the  usual  consequences. 

Tuberculosis  of  the  bladder  is  uncommon.  Secondary  tubercles 
are  usually  of  hematogenous  origin,  though  they  may  be  lymphogenous 
when  secondary  to  other  forms  of  urogenital  tuberculosis.  The  most  fre- 
quent secondary  tuberculous  lesions  occur  in  the  form  of  small  ulcers, 
usually  situated  in  the  inferior  part  of  the  organ,  and  extending  into  the 
submucosa. 

The  edges  are  infiltrated,  and  the  surrounding  mucous  membrane  in- 
jected. Secondary  tuberculosis  is  much  more  frequent  in  men  than  in 
women,  urogenital  tuberculosis  being  more  frequent  in  men.  The  affection 
usually  begins  in  the  epididymis,  sometimes  in  the  prostate,  extends  via 
the  lymphatics  to  the  vesiculae  seminalis,  and  thence  to  the  bladder.  In 
tuberculosis  of  the  kidney  or  its  pelvis,  by  which  tubercle  bacilli  are  dis- 
charged into  the  urine,  the  bladder  resists  direct  implantation  of  the  bacilli 
for  a  long  time,  and  probably  only  becomes  infected  by  bacilli  distributed 
throughout  its  lymphatic  vessels.  The  lymphatic  circulation  of  the  uro- 
genital tract  seems  to  be  ascending,  so  that  it  is  more  frequent  for  tubercu- 
losis of  the  testicle,  prostate,  seminal  vesicles,  and  bladder  to  provoke 
simultaneous  tuberculosis  of  both  kidneys  than  for  tuberculosis  of  the  kidney 
to  cause  disease  lower  down. 

The  lesions  consist  of  wide-spread  ulceration,  chiefly  in  the  lower  pos- 
terior portion  of  the  viscus.  The  ulcerations  present  the  usual  appearances, 
having  undermined  infiltrated  edges,  cheesy,  more  or  less  excavated,  centers, 
and  partially  detaching  fragments  of  the  mucosa,  which  project  in  a  poly- 
poid manner  into  the  bladder.  From  the  principal  tuberculous  ulcers,  along 
the  line  of  the  lymphatic  vessels,  distributed  miliary  tubercles  are  found. 

Secondary  infection  is  readily  possible,  and  precipitation  of  the  urinary 
salts  upon  the  ulcerated  areas  is  common.  The  disease  may  destroy  the 
greater  part  of  the  mucous  membrane  of  the  bladder. 

Primary  tuberculosis  of  the  bladder  is  rare  and  of  hematogenous  origin. 

In  its  wall  a  single  lesion  with  auxiliary  outlying  lesions  may  be  found.    The 

'  lesion  may  become  as  large  as  a  walnut  and  be  cheesy.     The  inner  surface 

ulcerates,  and  the  coagulation  necrotic  material  from  the  center  discharges 

into  the  bladder,  forming  a  deep  excavation. 

Syphilis  of  the  bladder  is  extremely  rare. 

Parasites  of  the  Bladder. — Echinococcus  cysts  forming  in  the  kidney 
or  its  pelvis  occasionally  rupture  and  discharge  through  the  ureter  into  the 
bladder.  In  this  way  the  hooklets  may  enter  the  urine.  The  eggs  of  Bil- 
harzia  haematobium  and  the  embryos  of  filaria  also  occur  in  the  urine  from  the 
same  source. 

The  occurrence  of  echinococcus  cysts  in  the  bladder  independently  of 
primary  disease  of  any  other  part  is  very  rare. 

Perforation  of  the  intestine  permits  the  occasional  entrance  of  round- 
worms, pin-worms,  and  other  objects  from  the  intestme.     The  larvae  of  flies 
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have  also  been  observed  in  the  bladder,  their  eggs  probably  having  been 
carried  in  upon  a  soiled  catheter. 

The  trichomonas  and  cercomonas  are  also  present  in  rare  cases. 

Bacteria  of  various  liinds  enter  the  bladder  via  the  ureter,  the  urethra,  from  surrounding 
inflammatory  lesions,  through  fistulas,  and  upon  catheters.  They  produce  decomposition  of 
the  urine  and  various  inflammatory  lesions. 

Yeast  plants  often  occur  in  diabetic  urine,  as  do  sarcina  and  o'idium. 

Tumors  of  the  Bladder. — Polypoid  excrescences  similar  to  those  of 
other  mucous  membranes  not  infrequently  develop  upon  the  mucous  mem- 
brane of  chronically  inflamed  bladders. 

Fibroma  sometimes  develops  from  the  submucosa,  and  projects  upon  the 
inner  surface  of  the  bladder.  It  usually  forms  a  small,  pedunculated,  villous 
mass,  with  long  projecting  processes,  each  consisting  of  a  blood  vessel  sur- 
rounded by  delicate  areolar  tissue  and  covered  by  stratified  squamous  epi- 
thelium. It  is  very  frequently  spoken  of  as  papillary  tumor  of  the  bladder, 
and  is  one  of  the  most  frequent  neoplasms  of  the  organ.  It  does  not  invade 
the  mucosa,  but  extends  outward  and  may  attain  the  size  of  a  small  apple. 
The  tumor  most  frequently  occupies  the  posterior  inferior  wall  of  the  blad- 
der, and  may  plug  the  urethra  during  micturition.  It  bleeds  upon  slight 
provocation,  but  is  benign. 

The  epithelium  covering  the  papilla  is  of  an  atypical  columnar  form. 
The  hemorrhages  from  the  tumor  are  frequent,  and  may  be  so  severe  as  to 
cause  the  death  of  the  patient  from  anemia.  The  papillary  processes  fre- 
quently break  off,  are  passed  with  the  urine,  and  enable  one  to  make  a  micro- 
scopic diagnosis.  Rarely  the  tumor  closes  the  mouth  of  a  ureter  and  pro- 
duces hydronephrosis.  The  tumor  may  become  incrusted  with  salts,  and  its 
processes  becoming  necrotic,  break  off.  In  this  manner  the  tumor  may  be 
destroyed,  removed,  and  replaced  by  an  ulceration  which,  by  subsequent 
cicatrization,  permits  spontaneous  recovery.  There  is  always  danger  that 
the  tumor  may,  in  the  course  of  time,  become  malignant. 

Myoma,  fibromyoma,  myxoma,  sarcoma,  fibrosarcoma,  are  of  occasional 
occurrence. 

Fibroadenoma  of  the  bladder  has  been  described.  It  occurs  in  the  form 
of  a  tuber-like  node,  usually  attached  to  the  mucous  membrane  in  the  neigh- 
borhood of  the  trigonum  and  neck  of  the  organ.  It  is  seated  in  the  mucosa, 
and  may  be  sessile  or  pedunculated.  It  rarely  becomes  larger  than  a  pigeon's 
&gg,  and  in  structure  resembles  the  prostate  gland,  from  which  it  probably 
originates. 

Carcinoma  of  the  bladder  is  usually  primary,  and  is  of  the  squamous  epi- 
thelial variety — squamous  epithelioma.  It  is  not  a  common  tumor,  and  its 
existence  was  at  one  time  denied.  It  occurs,  however,  in  both  men  and 
women  as  a  nodular,  spongy,  papillary,  fungous,  or  cauliflower  mass,  spread- 
ing over  a  considerable  extent  of  bladder  surface,  and  descending  into  the 
submucosa  and  muscularis.  It  is  accompanied  by  numerous  ulcerations,  in- 
durations, and  round-cell  infiltrations,  and  is  a  much  less  circumscribed, 
denser,  and  less  elevated  growth  than  the  papilloma  or  papillary  fibroma 
already  described.  Sometimes  a  large  ulceration  with  indurated  edges  that 
reveal  their  true  nature  only  upon  microscopic  examination  results  from  rapid 
degeneration  of  such  a  tumor. 

The  vesical  carcinoma  readily  extends  to  the  rectum,  and  in  women  to 
the  sexual  organs.  Primary  carcinoma  of  the  bladder  is,  however,  a  very 
rare  affection  of  women.  Metastasis  rarely  occurs  in  vesical  carcinoma. 
The  carcinoma  rarely  leads  to  perforation  of  the  bladder,  with  its  usual 
effects.     It  more  frequently  obstructs  the  ureters  and  causes  hydronephrosis. 

Secondary  carcinoma  of  the  bladder  may  occur  from  contiguity  of  tissue 
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in  cases  of  primary  disease  of  the  sexual  organs,  the  rectum,  and  the  pros- 
tate.    Metastatic  carcinoma  of  the  bladder  is  extremely  rare. 

Cysts  of  the  bladder  may  result  from  diverticula,  the  orifices  of  which 
become  closed,  and  from  patulous  urachus.  Of  the  parasitic  forms,  the 
echinococcus  cysts  may  be  mentioned,  though  they  are  very  rare  in  occur- 
rence.    Paget  has  seen  a  case  of  dei-moid  cyst  of  the  bladder. 

Calculus. — Calculi  are  stones  formed  in  the  urinary  organs  in  conse- 
quence of  the  precipitation  of  the  salts  of  the  urine.  They  are  most  common 
in  the  bladder.  Early  precipitation  of  the  salts  dissolved  in  the  urine  is  a 
not  infrequent  phenomenon,  and  may  be  a  cause  of  much  suffering  and  many 
tissue  alterations.  The  precipitated  salts  may  occur  in  a  molecular  form, 
either  amorphous  or  crystalline,  and  may  collect  in  the  kidney,  descend 
to  its  pelvis,  pass  through  the  ureters,  and  collect  in  the  bladder.  The 
passage  of  the  mineral  substances  in  the  urine  in  visible  form  is  described  as 
gravel,  especially  when  made  up  of  uric  acid,  which  appears  as  a  dark-red 
granular  precipitate. 

The  urinary  gravel  is  an  indication  of  the  existence  of  lithemia  {g.  v.), 
but  by  itself  is  of  slight  significance.  It  is  when  the  salts  precipitate  in  such 
manner  as  to  form  definite  calculi  or  stones  that  they  become  locally  impor- 
tant. It  is  convenient  to  speak  of  the  various  calculi  according  to  the  seat 
of  occurrence. 

I.  The  Kidney.^Renal  Calculus  or  Nephrolithiasis. — The  most  frequent 
urinary  deposits  found  in  the  kidney  are  uric  acid  and  the  urates.  Various 
theories  for  the  early  precipitation  of  these  substances  have  been  propounded, 
but  it  seems  most  plausible  that  the  condition  depends  upon  errors  of  metabo- 
lism and  oxygenation  by  which  an  excessive  quantity  of  uric  acid  and  the 
urates  occurs  in  the  urine.  Cardiac  and  pulmonary  diseases  predispose  to 
the  condition.  In  fevers  the  errors  of  metabolism  are  most  pronounced, 
while  in  all  conditions  in  which  the  alkalinity  of  the  urine  is  reduced  the 
acid  salts  precipitate.  Lead  poisoning,  lithemia,  and  gout  are  common 
causes.  Fine  crystals  or  amorphous  granules  of  uric  acid  or  sodium  acid 
urate  may  be  found  in  the  uriniferous  tubules,  especially  in  the  collecting 
tubes  and  in  the  connective  tissue  about  the  tubules.  The  discovery  of  the 
deposit  may  be  made  only  with  the  microscope,  and  its  extent  limited  to 
occasional  collections  of  granules  and  crystals.  At  times  there  are  consider- 
able-sized accumulations  which  may  obstruct  the  tubules.  When  the  depor 
sition  is  more  marked,  the  knife,  in  incising  the  organ,  grates  upon  the 
mineral  deposits,  and  the  eye  and  finger  readily  detect  the  presence  of  numer- 
ous scattered  gxami,— gravel.  The  still  more  marked  cases  are  characterized 
by  the  presence  of  stones  or  calculi  which  occupy  cavities  in  the  tissue— 
retention  cysts.  They  are  sometimes  surrounded  by  encapsulating  connect 
tive-tissue  bundles  of  inflammatory  new  formation.  The  calculi  vary  from 
a  pin-head  to  a  walnut  in  size,  the  larger  stones  being  found  in  the  pelvis  of 
the  kidney  rather  than  in  its  substance.  The  purely  renal  calculi  are  most 
frequent  in  the  medullary  substance. 

The  stones  are  irregular  in  shape,  especially  calculi  that  occur  in  the 
pelvis  of  the  kidney  and  send  prolongations  into  the  calices.  They  have 
rough  surfaces  and  are  yellowish,  reddish,  or  brownish  in  color.  The  stones 
are  usually  hard  and  brittle,  sometimes  crystalline,  sometimes  amorphous,  in 
structure. 

The  results  of  nephrolithiasis  will  vary  with  its  extent  and  degree.  In 
the  cases  in  which  minute  crystals  or  amorphous  granules  are  found  in  the 
cells  of  the  tubules  and  in  the  interstitial  tissue  of  the  kidney  no  structural 
changes  occur.  When  cellular  degenerations  exist,  it  is  always  more  or  less 
of  a  question  whether  they  may  have  caused  the  mineralization  or  resulted 
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from  it.  Larger  formations  damage  the  contiguous  tissue,  bring  about 
atrophy,  and  subsequently  occupy  spaces  bounded  by  more  or  less  well- 
developed  connective-tissue  walls. 

Nephrolithiasis,  whether  the  stones  be  situated  in  the  kidney  or  in  its 
pelvis,  predisposes  to  suppuration,  the  infection  probably  occurring  through 
the  ureter  from  the  bladder,  thus  bringing  about  abscess  of  the  kidney 
(?■  v.). 

II.  The  Ureter. — Calculi  found  in  the  ureter  are  probably  rarely  formed 
there,  but  descend  from  the  pelvis  of  the  kidney  when  the  ureter  is  un- 
usually dilated,  and  then  lodge  as  it  contracts.  They  may  cause  obstruction 
with  local  inflammatory,  ulcerative,  and  phlegmonous  changes.  Secondary 
changes,  such  as  hydronephrosis,  may  occur  if  the  stones  cannot  pass  on 


Fig.  350. — Urinary  calculi  showing  the  nuclei  from  which  they  originate,  the  concentric 
lamina  by  which  they  are  formed,  the  radiating  infiltration  sometimes  observed,  and  the  various 
smooth  and  nodular  surfaces  (Orth). 


into  the  bladder.  The  passage  of  calculi  through  the  ureters  is  accompanied 
by  intense  pain  (renal  colic). 

III.  The  Bladder. — Vesical  or  cystic  calculi  are  most  common,  and, 
therefore,  most  important  to  the  clinician.  They  are  composed  of  sub- 
stances either  normal  to  the  urine  or  derived  from  it,  precipitated  uric 
acid  and  urates  being  the  most  frequent.  The  greater  the  time  the  urine 
is  retained  in  the  bladder,  the  more  excellent  are  the  opportunities  for  pre- 
cipitation of  the  salts  and  increase  in  the  size  of  the  calculi.  The  outlet 
is,  however,  large  enough  to  permit  the  escape  of  masses  that  would  merit 
•considerable  attention  higher  up,  and  the  passage  of  gravel  with  the  urine 
is  common. 

How  many  of  the  cystic  calculi  originate  in  the  bladder  cannot  be  de- 
termined. The  fact  that  the  passage  of  formed  calculi  from  the  pelvis  of 
the  kidney  to   the   bladder   is  of  frequent  occurrence,   together  with  the 
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knowledge  that  calculi  form  readily  about  foreign  bodies  in  the  bladder, 
suggests  that  many  vesical  calculi  owe  their  beginning  to  stones  descend- 
ing from  the  kidney.  On  the  other  hand,  there  is  no  doubt  but  that 
vesical  calculi  can  occur  without  previous  nephrolithiasis,  as  is  shown  by 
stones  formed  of  salts  rarely  precipitated  in  the  kidney,  and  by  calculi 
having  nuclei  that  did  not  originate  in  the  kidney — foreign  bodies,  etc. 

The  causes  predisposing  to  cystic  calculus  vary  with  the  nature  of  the 
calculus.  Thus,  while  the  uric-acid  calculus  probably  occurs  most  frequently 
in  lithemic  conditions,  and  the  phosphatic  calculus  in  phosphaturia  with 
ammoniacal  decomposition  of  the  urine,  there  are  many  cases  in  which  the 
drinking  of  alkaline  waters — lime-waters — can  be  put  down  as  the  chief 
predisposing  factor. 

The  cystic  calculi  are  usually  single,  rounded  or  ovoid  in  form,  and  vary 
in  color  and  consistence  with  their  composition.  When  multiple,  they  may 
be  faceted  like  gall-stones. 

Urlo-acid  Calculus. — This  consists  either  of  pure  uric  acid  or  of  the  urates. 

((2)  The  pure  uric-acid  calculus  is  usually  rather  small — -the  size  of  a  pea  or  a  pigeon's  ^%%, 
of  a  yellowish,  reddish,  or  brownish  color,  rough  and  crystalline  on  the  surface,  and  brittle. 
These  stones  probably  originate  in  the  pelvis  of  the  kidney. 

(^)  The  urate  calculus  may  contain  uric  acid,  urate  of  ammonium,  urate  of  magnesium, 
oxalate  of  calcium  and  ammoniomagnesium  phosphate,  in'  addition  to  the  chief  ingredient, 
uric  acid.  These  stones  are  larger  than  the  pure  uric-acid  calculus,  and  commonly  attain 
the  size  of  a  hen's  egg.  Their  structure  is  laminated,  as  they  often  form  about  a  central 
nucleus.  The  outer  or  rind  layer  often  contains  the  oxalate  of  calcium.  The  surface  is  likely 
to  be  smooth  ;  the  stone  is  pale  in  color. 

Stones  consisting  of  urate  of  ammonium  are  usually  small — not  larger  than  a  pigeon's 
egg,  rounded,  and  somewhat  flattened.  Their  color  is  dull  yellow,  the  surface  finely  granular, 
the  texture  friable,  the  fractured  surface  granular.  Stones  of  urate  of  magnesium  have  an 
ashen-gray  color. 

Phosphatic  Calculi.— These  are  of  common  occurrence  and  consist  of:  (a)  Phosphate  of 
calcium ;  {b)  ammoniomagnesium  phosphate,  and  (p)  calcium  carbonate. 

The  stones  are  white  or  gray  in  color,  and  may  be  hard  and  brittle,  though  more  likely  to 
be  soft  and  crumbling.  They  may  attain  considerable  size.  The  most  frequent  ingredient  is 
probably  the  ammoniomagnesium  phosphate,  and  the  stones  which  contain  most  of  tliis  salt 
are  the  softest.     The  carbonate  of  lime  calculi  are  rare,  pure  white  in  color,  and  chalky. 

It  is  not  infrequent  for  a  stone  to  be  composed  of  all  of  these  ingredients. 

The  formation  of  phosphatic  calcuU  is  distinctly  favored  by  stricture  of  the  urethra 
enlargement  of  the  prostate,  and  other  conditions  by  which  the  urine  is  retained  in  the  bladder 
and  predisposed  to  ammoniacal  fermentation.  The  stones  not  infrequently  form  about  foreign 
bodies  and  small  calculi  of  uric  acid  or  urates. 

Oxalate  Calculi.— These  are  less  frequent  in  occurrence.  They  are  characterized  by  a 
brownish  color  and  a  peculiar  surface,  which  is  spinous  or  coral-like,  and  full  of  irregular  pro- 
jections of  a  rounded,  spinous,  or  club-like  form.  Their  substance  is  very  hard  The  stones 
are  commonly  mixed  in  composition,  uric  acid  being  an  important  ingredient 

Cystiu  Calculi.— These  are  uncommon.  They  are  soft  and  waxy  in  consistence  brownish 
or  sometimes  greenish  in  color,  and  are  usually  small  in  size  and  bvoid  in  form  The  frac- 
tured surface  IS  crystalline.     Cystin  stones  have  been  observed  in  the  pelvis  of  the  kidney 

Xanthin  Calculi.- These  are  extremely  rare  calcuU  of  small  size  and  brownish  or  cinnal 
bar-red  color.  The  surface  is  usually  smooth.  The  consistence  is  brittle,  and  the  surface 
of  fracture  amorphous. 

In  rare  cases  calculi  may  be  formed  of  silicic  acid,  benzoic  acid,  sulphate  of  calcium 
kidne"  ^^°'  °  described   by  Ord,  weighed  40  grams  and  was   found  in  the 

Gall-stones  sometimes  enter  the  bladder  by  fistula  formation,  and  then  become  transformed 
to  cystic  calcuh  by  subsequent  precipitation  of  uratic  salts. 

In  vesical  calculus  the  mucous  membrane  is  in  a  state  of  chronic  inflam- 
mation, with  erosion  and  ulceration  of  the.  surface  and  occasional  mineraliza- 
tion of  the  eroded  areas.  The  inflamed  condition  and  presence  of  the 
foreign  body  stunulate  the  organ  to  frequent  and  violent  contractions,  which 
with  difficulty  discharge  the  urine  through  the  urethra  obstructed  at  its 
orifice  by  the  calculus.  The  result  is  hypertrophy  of  the  muscular  coat. 
Hyperplasia  of  the  connective  tissue  of  the  submucous  coat  also  occurs,  and 
diverticula  frequently  form.   Hydronephrosis  may  result  from  the  obstruction 
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Urethritis,  or  inflammation  of  the  urethra,  is  the  most  frequent 
and  most  important  lesion. 

Etiology. — It  is  nearly  always  infectious,  and  in  the  great  majority  of 
cases  depends  upon  the  gonococcus  of  Neisser.  It  is  sometimes  caused  by 
Staphylococcus  pyogenes,  more  rarely  by  the  streptococcus,  and  still  more 
rarely  by  the  colon  bacillus  and  other  micro-organisms.  The  disease  is 
occasionally  of  traumatic  origin^  being  caused  by  the  introduction  of  dirty 
sounds  and  foreign  bodies  into  the  urethra. 

The  most  frequent  form  of  urethritis  is  catarrhal.  It  is  characterized 
by  the  formation  of  pus,  desquamation  of  epithelium,  occasional  follicular 
abscesses,  and,  if  gonorrheal,  by  a  tendency  to  invade  the  tissue  farther  and 
farther  back  until  it  not  infrequently  reaches  the  bladder.  The  pus  has  a 
creamy  character,  though  it  is  sometimes  greenish  yellow.  As  the  inflam- 
mation subsides  it  becomes  thinner  and  mixed  with  mucus  {gleet). 

Except  by  the  history  of  infection  and  the  presence  of  gonococci  in  the 
pus  and  epithelial  cells  in  the  exudate  the  gonorrheal  urethritis  has  no  essen- 
tial differences  by  which  it  can  be  separated  from  other  forms.  Indeed,  in 
gonorrhea  the  infection  is  commonly  mixed,  and  staphylococci  occurring 
together  with-  the  gonococci  are  responsible  for  many  of  the  complications. 
The  inflammation  usually  heals  readily  without  marked  anatomic  alterations. 
It  may,  however,  be  complicated  by  folliculitis,  vesiculitis,  cystitis,  orchitis, 
prostatitis,  vaginitis,  etc.  One  of  the  most  frequent  complications  is  cica- 
tricial formations  in  the  floor  of  the  urethra,  by  which  a  stenosis  or  stricture 
occurs.  Such  strictures  are  frequent  in  men,  but  almost  unknown  in  women, 
and  usually  occur  in  chronic  urethritis  or  gleet.  They  may  follow  traumatic 
simple  or  gonorrheal  urethritis.  The  strictures  may  consist  of  simple  swell- 
ing of  the  mucosa,  cicatricial  bands,  peri-urethral  connective-tissue  forma- 
tions, the  stenosis  extending  along  the  canal  for  some  distance.  They  are 
most  frequent  in  the  membranous  part  of  the  urethra,  next  most  frequent  in 
the  spongy  portion,  near  the  membranous  urethra.  Stenosis  of  the  urethra, 
from  hypertrophy  of  the  prostate  gland,  also  occurs  in  old  men. 

Croupous  and  diphtheritic  urethritis  are  rarely  observed. 

Syphilitic  and  tuberculous  inflammations,  with  the  usual  indurations, 
tubercles,  ulcers,  and  infiltrations,  are  rare.  Chancroiti  sometimes  occurs  in 
the  urethra  near  the  meatus  urinarius. 

Polypoid  excrescences  may  form  and  show  a  structure  similar  to  the  papil- 
loma ;  they  appear  as  small,  tumor-like  projections.  Obstruction  of  the 
glands  in  and  at  the  meatus  urinarius,  especially  in  women,  may  cause  the 
formation  of  small  retention  cysts. 

Traumatic  injuries,  ulcerative  diseases,  and  peri-urethral  abscesses  some- 
times lead  to  the  formation  of  fistulous  communications  with  the  exterior. 
Through  such  fistula  the  urine  escapes  during  micturition. 

Tumors  of  the  Urethra. — These  much  more  frequently  arise  from  the 
neighboring  structures,  and  invade  the  urethra  by  continuity  of  tissue,  than 
from  the  urethra  itself  In  men,  epithelioma  of  the  glans  penis  commonly 
invades  the  urethra  near  the  meatus,  and  carcinoma  of  the  prostate  encroaches 
upon  the  urethral  canal  and  sometimes  obstructs  it.  In  women,  sarcoma, 
myxoma,  fibroma,  and  carcinoma  have  been  observed.  A  small  tumor, 
usually  a  cavernous  fibroma  known  as  a  caruncle,  is  often  found  at  the  meatus 
in  women. 

Parasites  rarely  occur  in  the  urethra.  The  pin-  or  thread-worms  some- 
times enter  the  meatus  during  their  migrations.     I  have,  however,  observed 
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a  case  of  myiasis  of  the  urethral  and  peri-urethral  tissues  in  a  man,  a  para- 
lytic, who  had  not  been  properly  protected  from  flies,  and  who  was  kept  in 
a  filthy  condition. 

Calculi  occasionally  form  in  the  urethra.  When  present,  they  usually 
occupy  ihs.  fossa  navicularis.  They  have  been  known  to  attain  the  size  of 
a  date-stone  and  obstruct  the  outflow  of  urine.  It  is  probable  that  the 
stones  are  not  originally  formed  in  the  urethra,  but  descend  from  the  bladder, 
and,  failing  to  escape  through  a  contracted  meatus,  remain  and  increase  in 
size  by  subsequent  incrustation. 
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Abdominal  hemia,  461 

Aberratio  testlculi,  681 

Abnormalities  of  arterial  orifices  of  heart,  394 

of  valves  of  heart,  395 
Abortion,  35 
Abrasion,  315 
Abscess,  315 

burrowing  of,  319 

cold,  318,  621 
of  joints,  632 
of  kidney,  748 

dermal,  simple,  578 

embolic,  318 
of  lung,  318 

hot,  318 

metastatic,  of  liver,  319 

of  joints,  cold,  632 

of  kidney,  cold,  748 
miliary  metastatic,  734 

of  liver,  492 

in  dysentery,  474 
metastatic,  319 

of  lung,  embolic,  318 

of  skin,  578 

paranephritic,  753 

perichondritic,  of  cartilages  of  larynx,  525 

perinephritic,  753 

pointing  of,  320 

pyemic,  318 

septic,  318 

subperiosteal,  617 
Acardiacus,  52         ' 

acephalus,  52 

acormus,  52 

amorphus,  52 
Acarus  scabiei,  297 
Accessory  mammae,  720 

pancreati,  507 

spleens,  595 
Acephalus  acardiacus  dipus,  S3 
Acephaly,  660 
Acervulin,  674 
Achlorhydria,  61,  458 
Achor,  576 

Achorion  Schoenleinii,  251 
Achroodextrin,  62 
Acid,  carbolic,  effect  on  bacteria,  264 

gangrene  of  skin  from,  574 
Acids  and  alkalies  of  bacteria,  266 
Acinose  adenoma,  239 
Acme,  continuous,  19 
Acne,  19,  S92 

induratum,  592 

vulgaris,  592 
Acrania,  39,  660 
Acromegaly,  74,  75,  166 
Actinomyces,  258,  261 

bovis,  cultivation,  346 
pathogenesis,  346 

farcinica,  350 


Actinomyces  farcinica,  cultivation,  350 
pathogenesis,  350 

madurss,  349 
cultivation,  350 
pathogenesis,  350 
Actinomycosis,  346 

etiology,  346 

morbid  anatomy,  347 

occurrence,  347 

of  bones,  623 

of  brain,  671 

of  intestine,  349,  482 

of  kidney,  748 

of  liver,  499 

of  lungs,  347,  SS6 

of  muscles,  636 

of  pericardium,  399 

of  spleen,  599 

of  thyroid  gland,  608 

of  tongue,  436 

pathologic  histology,  348 

source  of  infection,  346 
Addiment,  303 
Addison's  disease,  392 
melanosis  in,  139 
skin  in,  572 
Adenia,  603 
Adenin,  28 
Adenocarcinoma,  226 

of  cervix  uteri,  711,  712 

of  stomach,  458 

of  testicle,  686 

of  uterus,  709,  710,  712 
Adenoceles,  237 
Adenocystoma,  237 

of  liver,  500 

of  mamma,  724 

of  testicle,  686 

papilliferum,  238,  240 
of  mamma,  237,  724 
Adenofibroma,  193.     See  also  Fibroadenoma. 
Adenoid  granulation  tissue,  321 

vegetations,  439 
Adenoma,  237 

acinose,  239 

alveolar,  239 

canalicular,  239 

capsule  of,  240 

diffuse,  239 

disposition,  240 

fibro-,  239 

of  mamma,  238 

malignant,  239 

morbid  anatomy,  238 

of  adrenal  bodies,  610 

of  intestine,  483 
polypoid,  483 

of  kidney,  750 

of  larynx,  523 

of  liver,  500 
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Adenoma  of  mamma,  723 
alveolar,  239 
cystic,  724 
intercanalicular,  723 
intracanalicular,  723 
pericanalicular,  723 
of  mouth,  437 
of  nose,  517 
of  pancreas,  508 
of  pituitary  body,  609 
of  spleen,  599 
of  stomach,  456 

destructive,  458 
of  testicle,  685 
of  thyroid  gland,  609 
of  trachea,  526 
of  uterus,  712 

malignant,  712 
pathologic  histology,  239 
racemose,  239 
seat  of  occurrence,  237 
simple,  239 
special  forms,  237 
termination,  240 
tubular,  239 
Adenomatous  polyp,  238 

struma,  607 
Adenosarcoma  of  ovary,  692 
Adherent  capsule  of  adenoma,  240 

of  mamma,  724 
Adhesions,    pleuritic,  in  pulmonary  tubercu- 
losis, 555      , 
Adhesive  inflammation,  312 

pachymeningitis,  spinal,  645 
Adipocere,  131 

Adrenal  bodies,  adenoma  of,  610 
amyloid  disease  of,  610 
carcinoma  of,  610 
congenital  malformations  of,  610 
degenerations  of,  610 
diseases  of,  610 
fatty  degeneration  of,  610 
glioma  of,  610 
hemorrhage  of,  610 
inflammation  of,  610 
miliary  tuberculosis  of,  610 
neuroma  of,  610 
pigmentation  of,  610 
primary  caseous  tuberculosis  of,  610 
sarcoma  of,  610 
secretion  of,  80 
syphilis  of,  610 
tuberculosis  of,  miliary,  610 

primary  caseous,  610 
tumors  of,  610 
growths  in  liver,  502 
Adventitia,  fatty  degeneration  of,  416 
Aerobic  bacteria,  262 
Aerogenic  bacteria,  266 

metastasis  in  tuberculosis,  333 
pulmonary  tuberculosis,  550 
Aerophagia,  60 
Age  in  etiology  of  disease,  22 
Agenesis,  127 

Agglutinative  inflammation.  312 
Agnathia,  37 

Agnathus  ectromelus  apus,  36 
Agonal  leukocytosis,  377 
Ague-calie,  596 
Ainhum,  157 

Air  in  cause  of  tuberculosis,  330 
Albinism,  140,  572 
Albuminoids,  digestion  of,  61 


Albuminous  periostitis,  617 
Albumins,  digestion  of,  61 
Albumose,  primary,  61 
Alcohols,  effect  on  bacteria,  264 
Alexin,  303 

Algor  mortis  as  sign  of  death,  162 
Alkahes  and  acids  of  bacteria,  266 
Alkalinity  of  blood,  364 
Alkaloid,  putrefactive,  266 
AUoxuric  bases,  28 
Almte's  test  for  hemoglobm,  137 
Alopecia,  593 
areata,  593 
decalvans,  593 
premature,  593 
toxic,  593 
Altered   tissue    resistance   theory  of  tumors, 

176 
Altitude,  effect  on  erythrocytes,  373 
Aluminosis,  539 
Alveolar  adenoma,  239 

of  mamma,  239 
sarcoma,  185 

malignancy  of,  186 

of  mamma,  722 
Amboceptor,  303 
Amebic  dysentery,  471 

morbid  anatomy,  472 
Ameboid  movement  of  cells,  119 
Amelus,  36 

Ametabolic  substances,  68 
Ammonia-water,  effect  on  skin,  583 
Amoeba  coli,  270 

communis  and  amoeba  coli   dysenteriae, 
differentiation,  270 

in  dysentery,  471 

in  liver,  502 
Amphiaster,  125 
Amphipyrenin,  117 
Amphitricha,  260 
Araphopeptone,  61 

Amputation  neuroma,  193,  208,  328,  676 
Amyelia,  638 
Amylodextrin ,  62 
Amyloid  bodies,  147 

degeneration  of  kidney,  146 

of  liver,  145 
disease,  144 

chemistry,  pathologic,  145 

course,  147 

etiology,  144 

morbid  anatomy,  144 

of  adrenal  bodies,  610 

of  arteries,  416 

of  cartilages  of  joints,  626 

of  intestine,  465 

of  kidney,  745 

of  liver,  490 

of  lymphatic  nodes,  600 

of  muscles,  634 

of  myocardium,  400 

of  pancreas,  508 

of  spleen,  598 

of  stomach,  455 

of  thyroid  gland,  608 

of  uterus,  699 

of  veins,  428 

pathologic  chemistry,  145 
histology,  144 

starch  reaction  in,  146 
Amylopsin,  62 

Amyotrophic  lateral  sclerosis,  650 
Anabolism,  68 
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Anaerobe,  obligatory,  262 

optional,  262 
Anaerobic  bacteria,  262 
Anasarca,  100,  570 
Anastomosis,  aneurysm  by,  212 
Anatomic  tubercle,  582 
Androgynes,  47 
Anemia,  368 

bone-marrow  in,  605 

of  bladder,  756 

of  brain,  662 

of  kidney,  729 

of  liver,  485 

of  lung,  53s 

of  lymphatic  nodes,  600 

of  pancreas,  507 

of  peripheral  nerves,  674 

of  pia  of  brain,  654 

of  skin,  572 

of  spinal  cord,  646 

of  spleen,  S95 

of  stomach,  449 

of  testicle,  682 

of  uterus,  699 

pernicious,  381.     See   also   Pernicious  ane- 
mia. 

primary,  381 

secondary,  391 

symptomatic,  391 

Anemic  infarct,  no 

of  kidney,  734 

of  spleen,  155 

Anencephalia,  39,  660 

complete,  41 

incomplete,  41 
Anesthetic  leprosy,  343 
Aneurysm,  423 

by  anastomosis,  212 

cirsoid,  212 

direction  taken  by,  426 

dissecting,  425 

ectatic,  425 

etiology,  423 

external  changes  produced  by,  426 

growth  of,  427 

internal  changes  in,  426 

morbid  anatomy,  424 

multiple  miliary,  428 

of  aorta,  424,  427 

racemose,  210 

saccular,  425 

seats  of,  424 

symptoms,  427 

termination,  427 

valvular,  acute,  405 
Angina,  Ludwig's,  320,  444 
AngiochoHtis,  502 
Angioma,  208 

arteriale  plexiforme,  212 
racemosum,  212 

cavernous,  210 
of  larynx,  524 
of  liver,  211 
of  ovary,  693 

etiology,  208 

fissural,  Z09 

glomeruliforme,  209 

hypertrophic,  simple,  210 

morbid  anatomy,  212 

multiple,  of  peritoneum,  513 

of  bones,  624 

of  brain,  673 

of  intestine,  483 


Angioma  of  kidney,  748 

of  larynx,  cavernous,  524 

of  liver,  499 
cavernous,  211 
racemose,  210 

of  nose,  517 

of  ovary,  cavernous,  693 

of  penis,  678 

of  peritoneum,  multiple,  513 
plexiform,  514 

of  pia  of  spinal  cord,  644 

of  skin,  Sgo 

of  upper  lip,  209 

pathologic  histology,  213 

pigmentosum  et  atrophicum,  590 

plexiform,  212 

of  peritoneum,  514 

racemose,  of  liver,  210 

simplex,  209 
venosum,  210 

telangiectasia,  209 
Angiome  biliaire  kystique,  497 
Angioneurotic  edema,  571 
Angiosarcoma,  179,  190 

of  bones,  625 

of  dura  of  brain,  654 

of  kidney,  749 

of  ovary,  692 

of  pancreas,  508 

of  pituitary  body,  609 
Anguillula  intestinalis,  291,  292 

stercoralis,  292 
Anhidrosis,  88 
Anhydremia,  370 
Animal  parasites,  268 
Animals,  tuberculosis  in,  330,  332 
Ankylosis,  627,  633 

bony,  633 

fibrous,  62S,  633 
Ankylostoma,  290.     See  a\soUncinaria, 
Annectant  gyri,  661 
Anomalies,  congenital,  of  intestine,  459 

of  stomach,  449 
Anopheles,  275 
Anorchia,  68 1 
Anorexia,  60 
Anthracosis,  136,  140 

of  lung,  539 

of  spleen,  598 
Anthrax,  580 

benign,  578 

of  intestine,  482 
Anti-bodies,  formation  of,  in  immunity,  306 
Antipeptone,  61 
Antiseptics,  264 
Antitoxin,  action  on  bacteria,  302 

definition,  301 

manner  of  annulling  action  of  poison,  302 

specificity  of  action,  302 
Anuria,  82 
Anus,  atresia  of,  47 
Aorta,  aneurysm  of,  424,  427 

arteriosclerosis  of,  421 

atheroma  of,  419 

willow  markings  of,  421 
Aortic  insufficiency,  412 

stenosis,  411 
Aphasia,  36,  127 

local,  36 
Aphthae,  433 
Aphthous  stomatitis,  433 
Apnea,  70 
Apneumatosis,  531 
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Apoplectic  cyst,  665 

scar,  665 
Apoplexy  of  pancreas,  507 
Appendages  of  skin,  diseases  of,  591 
Appendicitis,  469 

suppurative,  leukocytosis  in,  377 
Appendix,  vermiform,  inflammation  of,  469 

obliteration  of,  470 
Appetite  as  guide  in  consumption  of  food,  60 
Aprosomia,  37 
Arachnoid,  cholesteatoma  of,  659 

chondroma  of,  644 

cysts  of,  660 

diseases  of,  654 

dropsy  of,  655 
gelatinous,  655 

edema  of,  gelatinous,  655 

endothelioma  of,  659 

epithelioma  of,  639 

gelatinous  dropsy  of,  655 
edema  of,  655 

hemorrhage  of,  655 

osteoma  of,  644 

pacchionian  bodies  of,  659 

parasites  of,  660 

psammoma  of,  659 

psammosarcoma  of,  659 

sarcoma  of,  659 

secondary  tumors  of,  660 

simple  connective-tissue  tumors  of,  659 

syphilis  of,  658 

teratomata  of,  660 

tuberculosis  of,  65S 

tumors  of,  644,  659 
secondary,  660 
Area  meduUovasculosa,  39,  41 
Arginin,  28 
Argyria,  140,  572 
Arhinencephalia,  43 
Arsenical  poisoning,  fatty  liver  of,  490 
Arterial    orifices   of   heart,   abnormalities   of, 

394 
Arteries,  amyloid  disease  of,  416 

atrophy  of,  415 

calcification  of,  416 

degenerations  of,  415,  416 

diseases  of,  415 

fatty  degeneration  of,  415 

gangrene  of,  416 

hyaline  degeneration  of,  416 

hypertrophy  of,  415 

necrosis  of,  416 
Arteriocapillary  fibrosis,  417.    See  also  Arte- 
riosclerosis. 
Arterioles  in  acute  inflammation,  313 
Arteriosclerosis,  417 

circumscribed,  419 

connective-tissue  proliferations  in,  422 

diffuse,  419,  422 

etiology,  417 

infection  in,  r61e  of,  421 

morbid  anatomy,  418 

nodular,  419 

of  aorta,  421 

of  kidney,  732 

proliferations  in  connective-tissue,  422 

tuberculous,  418 
Arteritis,  416 

chronic,  417.     See  also  Arteriosclerosis, 

gummosa,  423 

sclerotic,  417.     See  also  Arteriosclerosis. 

senile,  ossification  in,  135 

syphilitic,  356,  422,  423 


Arteritis,  tuberculous,  423 

Artery  of  cerebral  hemorrhage,  664 

pipe-stem,  416 
Arthritis,  627 

chronica  adhesiva,  630 
ulcerosa  sicca,  630 

deformans,  628 

monarticular  form,  628 
polyarticular  form,  6281 

morbid  anatomy,  628 

neuropathic,  630 

pannosa,  627 

purulent,  627 

recovery  in,  628 

rheumatoid,  628 

monarticular  form,  628 
polyarticular  form,  628 

senile,  630 

serofibrinous,  627 

serous,  627 

syphilitic,  632 

tuberculous,    631.      See    also     Tuberculous 
arthritis. 

uratica,  135,  630 
Arthropathy,  spinal,  630 
Arthropoda,  297 
Arthrospores,  259 
Ascaris  lumbricoides,  287,  288 
eggs  of,  288 

megalocephalus,  287 

mystax,  287 
Ascites,  lot,  510 

chylous,  104 
Ascospores,  253 

formation  of,  256 
Aspergillosis,  254 

of  lung,  254 
Aspergillus,  253 

flavus,  254 

fumigatus,  254 

fungi,  pathogeny,  254 

in  lung,  558 

niger,  254 
Asphyxia,  69 
Assimilation ,  63 

diminished,  64 

depending  on  deficient  supply  of  food,  64 
on  deflection  of  nutriment,  67 

increased,  67 

pathology,  64 
Asteatosis,  S92 

Asymmetry  of  spinal  cord,  638 
Atavism,  21 
Ataxia,  Friedreich's,  648 

locomotor,  647 
Atelectasis,  531 

acquired,  531 

congenital,  531 

fetal,  531 

marasmatic,  532 

obstruction,  531 
Ateleiosis,  127 
Atheroma,  418 

definition  of  word,  419 

in  chronic  endocarditis,  406 

of  aorta,  419 
Atheromatous  cysts,  419,  592 

ulcers,  420 
Atmospheric  pressure  in  etiology  of  disease, 

26 
Atresia  ani  urethralis,  47 
vaginalis,  47 
vesicalis,  47 
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Atresia  of  anus,  47 
of  intestine,  459 
of  urethra,  47 
of  uterus,  47,  696 
of  vagina,  47 
simplex,  47 
Atrophic  cirrhosis  of  liver,  494 
pharyngitis,  440 
tonsillitis,  438 
Atrophy,  153 
active,  153 
acute  yellow,  of  liver,  488 

of  new-bom,  498 
brown,  99 

of  muscles,  634 

of  myocardium,  401 
degenerative,  153 
etiology,  153 
general,  153 
local,  153 
morbid  anatomy,  154 

physiology,  155 
of  arteries,  415 
of  bone-marrow,  606 
of  bones,  5i6 

concentric,  616 

eccentric,  6i5 

from  disuse,  616 

neuropathic,  616 

porous,  616 

pressure,  616 

senile,  616 
of  hair,  593 
of  heart,  409 
of  intestine,  465 
of  liver,  491 

acute  yellow,  488 

red,  489 
of  lymphatic  nodes,  600 
of  muscles,  634 

brown,  634 

progressive,  650  ^ 

simple,  634 
of  nails,  594 
of  pancreas,  5°? 

in  diabetes,  507 
of  peripheral  nerves,  674 
of  prostate,  678 
of  skin,  573 
of  spinal  cord,  638 
of  spleen,  598 
of  stomach,  456 
of  thyroid  gland,  606 
of  uterus,  698 
passive,  153 
pathologic,  154 

causes,  154 

histology,  155 
physiologic,  153 
progressive  muscular,  650 
red,  of  liver,  486,  489 
simple,  153 

of  muscles,  634 
uterine,  6g8 

yellow,  acute,  of  liver,  488 
Attraction  sphere,  118 
Aural  polypi,  197 

Auricular  septum ,  imperfection  of,  394 
Autochthonous  intoxication,  27 
Autointoxication,  27 

Axilla  and  neck,  cavernous  lymphangioma  of, 
212 
cavernous  lymphangioma  of,  211 

49 


Bacillus,  258,  259 
Friedlander's,  544 
Klebs-Loffler,  440 
mallei,  343 

cultivation,  343 

morphology,  343 

pathogenesis,  344 
mucosus  capsulatus,  544 
of  diphtheria,  440 
of  dysentery,  471 

bacillus  typhosus  and,  differentiation,  471 
of  glanders,  343 

cultivation,  343 

morphology,  343 

pathogenesis,  344 
of  leprosy,  339 
of  rhinoscleroipa,  351 
of   tuberculosis,    331.      See  also    Tubercle 

bacillvs. 
paracolon,  477 
paratyphoid,  477 
pneumonias,  S44 
proteus  vulgaris,  311 
chemistry,  312 
cultivation,  311 
morphology,  311 
pathogenesis,  312 
staining,  311 
pyocyaneus,  311 

chemistry,  311 

cultivation,  311 

morphology,  311 

pathogenesis,  311 

staining,  311 
typhosus,  476 

bacillus  of  dysentery  and,  differentiation, 

471 

chemistry,  476 

cultivation,  476 

morphology,  476 

pathogenesis,  477 

serum  reaction  of,  477 
Bacteria,  257 
acids  and  alkalies  of,  266 
action  of  antitoxin  on,  302 
-aerobic,  262 
aerogenic,  266 
alkalies  and  acids  of,  266 
anaerobic,  262 
antitoxin,  action  of,  302 
association  with  other  micro-organisms,  265 
carcinoma  and,  235 
chemistry  of,  265 
chromogenic,  266 
effect  of  alcohols  on,  264 

of  blue  color  on,  263 

of  carbolic  acid  on,  264 

of  cold  on,  263 

of  desiccation  on,  265 

of  electricity  on,  263 

of  ethers  on,  264 

of  formaldehyd  on,  264 

of  gases  on,  264 

of  movement  on,  263 

of  reaction  on,  264 

of  salts  on,  264 

of  j;-rays  on,  263 
entrance  into  liver,  492 
enzymes  of,  267 
gases  of,  266 
in  bladder,  759 
in  pus,  318 
nitrogen  combinations  of,  267 


^^o 


INDEX. 


Bacteria,  non-chromogenic,  266 

odors  of,  266 

of  fermentation,  265,  266 

of  putrefaction,  265,  266 

pathogenesis.  268 

phosphorescent,  266 

photogenic,  266 

pigments  of,  266 

relation  to  chemical  agents,  264 
to  food,  262 
to  light,  263 
to  moisture,  264 
to  oxygen,  261 
to  physical  conditions,  263 
to  temperature,  263 

saprogenic,  266 

thermophilic,  263 

toxalbumins  of,  267 

toxins  of,  267 

zymogenic,  266 
Bacteriaceae,  family,  258 
Bacterial  poisons,  effect  on  leukocytes,  378 
Bacterium,  258 
Balanitis,  677 
Balanoposthitis,  677 
Balantidium  coli,  272 
Baldness,  593.     See  also  Alopecia. 
Banti's  disease,  393.  599 
Barbadoes  leg,  167,  574 
Barber's  itch,  252,  586 
Bartholin's  glands,  diseases  of,  718 
Basidiomycetes,  251 
Basilar  meningitis,  656 
Basophilic  leukocytes,  375 
Baths,  leukocytosis  from,  377 
Becquerel's  rays  in  etiology  of  disease,  26 
Bedsore,  156,  573 
Beggiatoa,  258 
Beggiatoacese,  family,  258 
Big  jaw,  346 
Bile,  88 

absorption  of,  results,  91 

composition,  89 

loss  of,  effect  on  digestion,  92 

pigments,  89 

salts,  89 
Bile-ducts,  carcinoma  of,  503 

diseases  of,  502 

gall-stones  in,  504,  305,  506 

in  cirrhosis  of  liver,  495 

inflammation  of,  502 

perforation  of,  from  gall-stones,  506 

tumors  of,  503 
Bile-pigments,  calculi  of,  pure,  505 

Gmelin's  test  for,  138 
Biliary  calculi,  503.     See  also  Calculi. 
Bilirubin,  89,  90,  732 

calculi,  biliary,  504 
Biliverdin,  89,  90 
Bioblasts,  115 
Biology  of  fungi,  261 
Birth-marks,  209,  590 
Black  hairy  tongue,  437 

measles,  585 

small-pox,  skin  in,  585 
Bladder,  absence  of,  754 

anemia  of,  756 

bacteria  in,  759 

calculus  of,  760,  761 
cystin,  762 
oxalate,  762 
phosphatic,  762 
xanthln,  760 


Bladder,  carcinoma  of,  759 
secondary,  759 

circulatory  disturbances  of,  756 

congenital  malformations  of,  754 

cystin  calculi  of,  762 

cysts  of,  760 
echinococcus,  758 

dilatation  of,  754 

diseases  of,  754 

diverticula  of,  755 

double,  754 

epithelioma  of,  squamous,  759 

extrophy  of,  38,  754 

fibroadenoma  of,  759 

fibroma  of,  759 

fibromyoma  of,  759 

fibrosarcoma  of,  759 

fistulous  communications  between    viscera 
and,  755 

hemorrhage  of,  757 

hyperemia  of,  active,  756 
passive,  757 

hypertrophy  of,  754 

inflammation  of,  757.     See  also  Cystitis. 

inversion  of,  754 

malformations  of,  congenital,  754 

myoma  of,  759 

myxoma  of,  759 

oxalate  calculi  of,  762 

papillary  tumor  of,  759 

papilloma  of,  villous,  217 

parasites  of,  758 

perforating  ulcer  of,  758 

phosphatic  calculus  of,  762 

rupture  of,  754 

sarcoma  of,  759 

squamous  epithelioma  of,  759 

syphilis  of,  758 

tuberculosis  of,  758 
primary,  758 

tumors  of,  759 
papillary,  759 

ulcers  of,  758  • 

perforating,  758 

villous  papilloma  of,  217 
Blastomycetes,  255 

carcinoma  and,  236 
Blastomycetic  dermatitis,  587 

fungi  in,  257 
Blasts,  27s,  277 
Blister,  fever-,  580 
Blood,  364 

alkalinity  of,  364 

bacteriolytic  power  of,  in  forced  immunity, 

303 
changes  in  leukemia,  389 

in  pernicious  anemia,  383 
chemic  composition  of,  365 
coagulation  of,  29 

constituents,  changes  in  relation  of,  368 
corpuscles,  367 

red,  370.     See  also  Erythrocytes. 

table  of,  369 

white,  374.     See  also  Leukocytes. 
crisis,  374 

in  chlorosis,  385 

in  pernicious  anemia,  383 
examination  of,  after  hemorrhage,  374 
fibrin  in,  380 
hyalin,  148 

liquor  sanguinis  of,  366 
mass,  changes  in,  367 
odor  of,  365 
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Blood,  pathology  of,  367 
plaques,  381 

in  leukemia,  390 
plasma,  366 

composition,  367 
regeneration  of,  373 
specific  gravity  of,  364,  365 
in  leukemia,  390 
in  pernicious  anemia,  384 
stains,  Almfen's  test  for,  137 
vessels,  regeneration  of,  327 
Blood-casts,  732,  738 
Blue  color,  effect  on  bacteria,  263 
Bodies,  adrenal,    diseases   of,    609.     See   also 
Adrenal  bodies. 
chromatophilic,  of  nerve-cell,  changes  in,  669 
foreign,  in  nose,  517 
free,  of  joints,  632 
Pacchionian,  of  arachnoid,  659 

of  pia  of  brain ,  659 
rice,  of  joints,  632 
Body,  pituitary,    diseases   of,   609.     See   also 

Pituitary  body. 
Boils,  320,  578 

Bone-marrow,  atrophy  of,  606 
changes  in,  in  leukemia,  388 
degenerations  of,  606 
diseases  of,  605 
fatty  degeneration  of,  606 

infiltration  of,  606 
hyperemia  of,  605 
hypertrophy  of,  606 
in  anemia,  605 
in  leukemia, -605 

lymphoid,  388 

pyoid,  388,  60s 
infiltration  of,  fatty,  606 
inflammation  of,  606 
lymphoid,  in  leukemia,  388 
mucoid  metamorphosis  of,  606 
pigmentation  of,  606 
pigments  of,  false,  606 
pyoid,  in  leukemia,  388,  605 
Bones,  actinomycosis  of,  623 
angioma  of,  624 
angiosarcoma  of,  625 

atrophy  of,  616.     See  also  Atrophy  of  bones. 
carcinoma  of,  625 
caries  of,  615,  617 
chloroma  of,  625 
chondroma  of,  624 

multiple  endogenous,  624 
cloaca  of,  619 
diseases  of,  611 

syphilitic,  361 
endothelioma  of,  625 
fibroma  of,  624 

fractures  of,  625.     See  also  Fracture. 
giant-cell  sarcoma  of,  624 
hemorrhage  of,  613 
hyperemia  of,  615 
hypertrophy  of,  616 
inflammation  of,  617 
leprosy  of,  623 
lipoma  of,  624 

malformations  of,  acquired,  611 
myeloma  of,  624 
myelosarcoma  of,  624 
myxoma  of,  624 
necrosis  of,  617 

phosphorus-,  620 
parasites  of,  625 
perithelioma  of,  625 


Bones,  phosphorus-necrosis  of,  620 
regeneration  of,  625 
sarcoma  of,  624 

giant-cell,  624 

round-cell,  624 

spindle-cell,  624 
supernumerary,  44 
syphilis  of,  622 

acquired,  622 

hereditary,  622 
syphilitic  diseases  of,  361 
thrombosis  of,  615 
tuberculosis  of,  620 

lacunar  erosion  in,  621 
tumors  of,  623 

myelogenic,  623 

periosteal,  623 
Bony  ankylosis,  633 

deposits  in  lung,  558 
Boophilus  bovis,  278 
Bothriocephalus  latus,  286,  287 

eggs  of,  286 

head  of,  286 

ripe  segments  of,  286 
Botulism,  30 
BotuUsmus,  482 
Brain,  actinomycosis  of,  671 
anemia  of,  662 
angioma  of,  673 
circulatory  disturbances  of,  662 
congenital  malformations  of,  660 
deformities  of,  660 

depending  upon  malformations  of  cran- 
ium, 660 
degeneration  of,  secondary,  from  cerebral 

hemorrhage,  665 
diseases  of,  660 
dura  of,  diseases  of,  651.     See  also  Dura  of 

brain. 
edema  of,  663 
embolism  of,  665 
endothelioma  of,  672 
fibroma  of,  673 
glioma  of,  671  ■ 
hemorrhage  of,  664.     See  also  Hemorrhage 

of  brain. 
hernias  of,  660 

heterotopic  conditions  of,  662 
hyperemia  of,  663 

active,  663 

passive,  663 
hypoplasia  of,  660 
ischemia  of,  663 
lipoma  of,  673 
lymphangioma  of,  673 
malformations  of,  congenital,  660 
membranes  of,  cylindroma  from,  188 
multiple  localized  sclerosis  of,  670 
osteoma  of,  673 
parasites  of,  673 
pia  of,  diseases  of,  654.     See  also  Pia  of 

brain. 
psammoma  of,  672 
psammosarcoma  of,  672 
sarcoma  of,  672 
sclerosis  of,  670 

diffuse,  670 

multiple  localized,  670 
secondary  tumors  of,  673 
softening  of,  664,  666 
syphilis  of,  670 
thrombosis  of,  665 
tuberculosis  of,  670 
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Brain,  tumors  of,  671 
secondary,  673 

tyromata  of,  658,  670 

water  on,  661 
Brain-sand,  674 
Branchial  cyst,  248 
Bread-and-butter  pericardium,  396 
Breast,  diseases  of,  719.     See  also  Mamma. 
Bright's  disease,  734.     See  also  Nephritis. 
Bromidrosis,  88 
Bronchi,  calculus  in,  531 

diseases  of,  526 

lipoma  of,  531 

polypi  of,  S3I 

sarcoma  of,  531 

syphilis  of,  530 

tuberculosis  of,  530 

tumors  of,  531 

ulcerations  of,  528 
Bronchial  fluke,  558 
Bronchiectasis,  527,  528 

congenital,  528 

etiology,  528 
Bl-onchiolith,  531 
Bronchiolitis,  529 
Bronchitis,  526 

caseous,  529 

etiology,  527 

fibrinous,  529 
Bronchoblenorrhea,  528 
Bronchocele,  238,  606.     See  also  Goiter. 
Bronchopneumonia,  529,  540 

etiology,  540 

in  pulmonary  tuberculosis,  554 

morbid  anatomy,  541 
Bronchorrhoea  serosa,  527 
Brown  atrophy  of  myocardium,  401 

induration  of  lung,  535 

softening  of  walls  of  stomach,  453 
Bubo,  definition,  601 

syphilitic,  602 
Bulbar  palsy,  650 
Bulimia,  60 
Bullae,  576 
Burns,  24 

first  degree,  576 

second  degree,  576 

third  degree,  576 
Burrowing  of  abscess,  319 
Bursae,  diseased  conditions  of,  633 

inflammation  of,  633 
Bursitis,  633 
Button-hole  orifice,  406 

Cachexia,  65 

strumipriva,  150,  607 
Cadaveric  lividity  as  sign  of  health,  163 

rigidity  as  sign  of  death,  163 
Caisson  disease,  26 
Calcareous  infiltration,  132 
chemistry,  135 
etiology,  132 
morbid  anatomy,  133 
of  veins,  428 
pathologic  anatomy,  134 
Calcification,  cellular,  134 
intercellular,  134 
of  arteries,  416 
of  cartilages  of  larynx,  525 
of  dura  of  brain,  653 
of  lymphatic  nodes,  600 
of  muscles,  634 
of  penis,  677 


Calcification  of  spleen,  598 
of  stomach,  456 
of  testicle,  682 
of  tumors,  171 
Calcium  carbonate  calculi,  biliary,  505 
Calculi,  136 
biliary,  503 
bile-pigment,  pure,  505 
bilirubin,  504        , 
calcium  carbonate,  505 
cholesterin,  504 
laminated,  504 
pure,  504 
color  of,  504 
common,  504 
fever  in,  506 
formation  of,  505 
heterogeneous,  504 
homogeneous,  504 
of  bile-ducts,  504,  505,  506 
pathology,  505 
perforation     of   gall-bladder    and    ducts 

from,  606 
pure  bile-pigment,  505 
bronchial,  531 
cystic,  761 

cystin,  of  bladder,  762 
nasal,  517 

of  bladder,  760,  761 
cystin,  762 
oxalate,  762 
phosphatic,  762 
xanthin,  762 
of  kidney,  760 
of  pelvis  of  kidney,  753 
of  prostate,  680 
of  seminal  vesicles,  681 
of  spleen,  599 
of  ureter,  761 
of  urethra,  764 
oxalate,  of  bladder,  762 
pancreatic,  509 
phosphatic,  of  bladder,  762 
preputial,  677 
renal,  760 
salivary,  445 
uric-acid,  762 
vesical,  761 

xanthin,  of  bladder,  762 
Callosities.  574 
Callus,  328,  625 
definitive,  625 
myelogenic,  625 
periosteal,  625 
pin,  625 
provisional,  625 
ring,  626 
Canalicular  adenoma,  239 
Cancellous  osteoma,  199 
Cancroid,  224 

Cantharides,  effect  on  skin,  583 
Capsule,  adherent,  of  mamma,  724 
of  adenoma,  240 
of  tumors,  171 
Carbohydrate  digestion,  62 

pathology,  62 
Carbolic  acid,  effect  on  bacteria,  264 

gangrene  of  skin  from ,  574 
Carbon  dioxid  hemoglobin,  372 

monoxid  hemoglobin,  372 
Carbo-oxyhemoglobin,  29 
Carbuncles,  320,  578 
Carbuncular  tumor,  581 
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Carcinoma,  215,  225 
age  as  predisposing  cause,  234 
altered   resistance   of   connective-tissue 

cause,  23s 
architecture  of,  230 
bacteriology  of,  235 
blastomycetes  and,  236 
cachexia  in,  233 
cells  of,  228 

degeneration  of,  230 

serous  infiltration  of,  230 
chimney-sweeps',  221 
clinical  features,  231 
colloid,  229,  230 

of  mamma,  727 

of  stomach,  458 

of  testicle,  686 
disposition,  231 
duct,  231 
en  cuirass,  232 
epithelialial  cells  in,  237 
etiology,  234 

exciting,  234 

predisposing,  234 
gelatinosa,  230 
geographic  distribution,  234 
hard,  228 

heredity  as  predisposing  cause,  234 
infectiousness  of,  235 
inflammation  in,  230 
irritation  as  cause,  234 
juice  of,  226 
lenticular,  of  skin,  591 
lymphatics  of,  228 
matrix  of,  227 
medullary,  of  stomach,  457 
metastasis  of,  231,  232 
morphology  of,  226 
nerves  in,  228 

occupation  as  predisposing  cause,  234 
of  adrenal  bodies,  610 
of  bile-ducts,  503 
of  bladder,  759 

secondary,  759 
of  bone,  625 
of  breast,  726 

colloid,  727 
of  cerebrum,  secondary,  673 
of  cervix,  squamous-cell,  223 
of  esophagus,  449 
of  Fallopian  tube,  695 
of  gall-bladder,  503 
of  intestine,  484 

as  cause  of  stenosis,  464 

soft,  228 
of  kidney,  750 
of  larynx,  papillary,  524 
of  liver,  500 

primary,  500 

secondary,  501 
of  lung,  primary,  557 
of  lymphatic  nodes,  231 

secondary,  664 
of  mamma,  726 

colloid,  727 
of  mediastinum,  570 
of  mouth,  437 
ot  muscles,  637 
of  nose,  517 
of  ovary,  692 

secondary,  692 
of  peritoneum,  513 
of  pharynx,  443 


Carcinoma  of  pleura,  569 
of  prostate,  680 
of  skin,  59 1 

lenticular,  S91 

pigmented,  591 
of  stomach,  456 

colloid,  458 

etiology,  456 

gastroptosis  from,  458 

hemorrhage  in,  450,  459 

medullary,  457 

perforation  in,  459 

scirrhous,  457 
of  testicle,  686 

colloid,  686 
of  thyroid  gland,  608 

secondary,  609 
of  trachea,  primary,  526 
of  urethra,  763 
of  uterus,  713 
of  vagina,  718 
pathologic  anatomy,  226 

histology,  227 
pathology,  233 
predisposing  causes,  234 
primary,  of  liver,  500 

of  lung,  557 

of  trachea,  526 
protozoan  theory  of,  235,  236 
race  as  predisposing  cause,  234 
recurrent,  232 
scirrhous,  hour-glass  stomach  from,  459 

of  mamma,  228 

of  stomach,  457 
seat  of  occurrence,  226 
secondary,  of  bladder,  759 

of  cerebrum,  673 

of  liver,  501 

of  lymphatic  nodes,  604 

of  ovary,  692 

of  thyroid  gland,  609 
sex  as  predisposing  cause,  234 
simplex,  727 
soft,  228 

of  intestine,  484 
stroma  of,  227 
structure,  226 

squamous-cell,  of  cervix  uteri,  223 
Carcinomatosis  of  peritoneum,  514 
Cardiac  polypus,  400 
Cardiovascular  system,  diseases  of,  394 
Caries,  318 

of  bone,  615,  617 
Carnification  of  lung,  S32 
Carphologia,  72 
Cartilages,  free,  202 
Meckel's,  202 
of  joints,  amyloid  disease  of,  626 

fatty  degeneration  of,  626 

hyperemia  of,  626 

mineralization  of,  626 

pigmentation  of,  626 

regeneration  of,  626 
of  larynx,  calcification  of,  525 

diseases  of,  525 

necrosis  of,  525 

perichondritic  abscesses  of,  525 

softening  of,  626 
wounds  of,  repair  of,  328 
Caruncle  of  urethra,  719,  763 
Caseation,  157 

from  croupous  pneumonia,  548 
Caseofibroid  tuberculosis,  333,  554 
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Caseous  bronchitis,  529 
pneumonia,  333 
tuberculosis,  333 

primary,  of  adrenal  bodies,  610 
Casts,  blood-,  732,  738 

epithelial,  in  nephritis,  738 
granular,  in  nephritis,  738 
hyaline,  in  nephritis,  738 
tube-,  in  nephritis,  738 
waxy,  in  nephritis,  739 
Catarrh  of  larynx,  521 
Catarrhal  colpitis,  acute,  717 
enteritis,  467 
inflammation,  312 

of  esophagus,  448 
nephritis,  737,  738 
pharyngitis,  acute,  439 
pneumonia,  540 

etiology,  540 

morbid  anatomy,  541 
rhinitis,  acute,  515 

chronic,  515 

stomatitis,  432 

Cattle  farcy,  350 

plague,  34 
Cauliflower  tuhiors,  169 
Cavernous  angioma,  210 

of  larynx,  524 

of  liver,  211 

of  ovary,  693 
lymphangioma  of  axilla,  211 

of  neck  and  axilla,  212 
Cecal  hernia,  461 
Cecocele,  461 
Cell,  114 

ameboid  movement,  119 
changes  in,  in  nephritis,  738 
ciliary  movement,  120 
compound  granule,  in  nephritis,  738 
contents,  115 
division,  direct,  123 

first  phase,  124 

fourth  phase,  125 

indirect,  123 

second  phase,  125 

third  phase,  125 
durative,  256 
edema  of,  132 

effect  of  irritability  and  conductivity  on,  122 
eosinophile,  in  pernicious  anemia,  384 
eosinophilic,  in  inflammation,  322 
epithelial,  in  carcinoma,  237 
epithelioid,  in  inflammation,  322 
fat  droplet  and,  relation,  130 
formation,  endogenous,  123 
giant-,  159 

in  inflammation,  323 

of  tubercle,  336,  337 
goblet,  150 
hyaline,  375 
in  muscular  tissue,  327 
in  nephritis,  changes  in,  738 
lepra,  340,  341 
life,  characteristics,  114 
liver-,  in  cirrhosis  of  liver,  496 

pigmentation  of,  in  cirrhosis  of  liver,  496 
mast,  37S 

in  inflammation,  322 
mucoid  metamorphosis  of,  149 
musting,  375 

in  inflammation,  322 
nerve-,  669.    See  also  Nerve-cell. 
nucleus  of,  116 


Cell,  nucleus  of,  preparation  for  division,  124 
nutrition  of,  120 
of  carcinoma,  228 
degeneration  of,  230 
serous  infiltration  of,  230 
.    of  celomic  origin  in  inflammation,  322 
of  epithelial  tumors,  colloid  metamorphosis 

of,  171 
of  tubercles,  335 

phagocytic,  with  incorporated  bacilli,  300 
physiology  of,  126 
pigmented,  139 
plasma,  in  inflammation,  322 
pus,  317 

reproduction  of,  122 
respiration,  68 
wall,  114 
Cellular  calcification,  134 
death,  162 

degeneration  of  stomach,  455 
exudation,  317 
Cellulitis,  320 
Cementoma,  241 
Centrosomes,  118 
Cephalocele,  660 
Cephalohematoma,  102,  616 

internal,  652 
Cephalothoracopagus,  51 
Cercomonas  coli,  273 
hominis,  272 
in  lung,  558 
intestinalis,  272 
Cerebellum,  absence   of  one  or  both  hemi- 
spheres, 660 
Cerebral  dura,  diseases  of,  651.  See  also  Dura 
of  brain. 
hematoma,  664 
hemorrhage,  664.     See  also  Hemorrhage  of 

brain. 
leptomeningitis,  655.     See  also  Leptomenin- 
gitis, cerebral. 
pachymeningitis,  652.     See  also  Pachymen- 
ingitis, cerebral. 
pia  mater,   diseases  of,  654.     See  also  Pia 
of  brain. 
Cerebrospinal  meningitis,  epidemic,  645,  657 
Cerebrum,  carcinoma  of,  secondary,  673 
Cervix  uteri,  adenocarcinoma  of,  711,  712 
carcinoma  of,  squamous-cell,  223 
Clark's  phagedenic  ulcer  of,  702 
epithelioma  of,  squamous,  709 
erosion  of,  702 
granular,  702 
lacerations  of,  703 
papilloma  of,  707 
destructive,  709 
ulceration  of,  702 
Cestodes,  280 
Chalicosis,  136,  539 
Chamydobacteriaceas,  family,  258 
Chancre,  354,  357,  582 
annular,  358 
extragenital,  355 
genital,  355 
induration  of,  357 
intercellular  exudate  of,  359 
laminated,  357 
nodular,  357 
of  penis,  677 
parchment-like,  357 
soft.  354 
Chancroid,  354,  581 
bubo  in,  603 
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Chancroid,  etiology,  354 

of  urethra,  763 

of  vulva,  719 
Chapped  lips,  432 
Charcot- Leyden  crystals  in  mucus  of  catarrhs, 

ISO 
Charcot's  fever  of  gall-stones,  506 

hectic  in  biliary  cirrhosis,  498 

joint,  630 
Cheesy  necrosis,  157 

pus,  317 
Cheilitis,  chronic,  432 
Cheilognathopalatoschisis,  37 
Cheiloschisis,  37 

Chemical  agents,  relation  of  bacteria  to,  264 
Chemistry  of  micro-organismal  life,  265 
Chemotaxis,  121,  314 
Chemotropism,  121 
Chilblain  (pernio),  572 
Chimney-sweeps'  cancer,  221 
Chloasma,  140,  572 
Chloroma  of  bones,  625 
Chlorosis,  384 

blood  crisis  in,  385 

erythrocytes  in,  385 

hemoglobin  in,  385 

leulcocytes  in,  386 

poikilocytosis  in,  385 

venous  thrombosis  in,  386 
Cholangitis,  502 

Cholelithiasis,  503.     See  also  Calculi,  biliary. 
Cholera  Asiatica,  474 
bacteriology,  474 
morbid  anatomy,  475 
rice-water  discharges  of,  475 
spirillum  of,  474 
chemistry,  475 
cultivation,  474 
pathogenesis,  475 

infantum,  467 

nostras,  476 
Choleraic  peritonitis,  475 
Cholesteatoma,  243 

of  arachnoid,  659 

of  middle  ear,  243' 

of  nervous  system,  243 

of  pia  of  brain,  639 

of  urinary  passages,  243 

testis,  68s 
Cholesterin,  90 

bilirubinate  of  calcium  stone,  504 

calculi,  biliary,  504 
laminated,  504 
pure,  504 
Chondrifying  sarcomata,  182 
Chondroma,  200 

hyaline,  202 

morbid  anatomy,  201 

of  arachnoid,  644 

of  bones,  624 
multiple  endogenous,  624 

of  larynx,  523 

of  lung,  200 

of  lymphatic  nodes,  604 

of  nose,  517 

of  ovary,  692 

of  submaxillary  gland,  201 

of  testicle,  200,  685 

of  trachea,  526 

seat  of  occurrence,  200 

true,  200,  201 

varieties,  200 
Chondromalacia,  626 


Chorditis  tuberosa,  518 

Chorioepithelioma,  713 

Chromatin,  ii5 

Chromatophilic  bodies  of  nerve-cell,  changes 

in,  669 
Chromidrosis,  88 
Chromogenic  bacteria,  266 
Chromosomes,  125 

division  of,  disappearance  of  nuclear  mem- 
brane and,  125 
separation  of,  formation  of  daughter  stars 
and,  125 
Chylangioma,  213,  483 
Chylothorax,  104,  569 
Chylous  ascites,  104 

cysts  of  peritoneum,  514 
Chyluria,  104 
Cicatricial  horns,  219 
Cicatrization,  320 
Ciliary  movement  of  cells,  120 
Circulation,  96 

effect  of  empyema  on,  566 
of  liver,  obstruction  of,  486 
renal,  disturbances  of,  729 
Circulatory  disturbances  of  bladder,  756 
of  brain,  662 
of  spinal  cord,  646 
of  stomach,  449 
Cirrhoses  mixtes,  497 
Cirrhosis,  Hanot's,  496 
Laenneo's,  494 
of  liver,  493 
atrophic,  494 
bile-ducts  in,  495 
biliary,  497 

hematogenous,  493,  494 
hepatogenous,  493 
hypertrophic,  496 
liver-cells  in,  496 

pigmentation  of,  496 
ventriculi,  455 
Cirsoid  aneurysm,  212 
neuroma,  208 
vein,  430 
Cladothrix,  258 

Clark's   cauliflower  growth  of   cervix    uteri, 
709 
phagedenic  ulcer  of  cervix  uteri,  702 
Clavus,  574 

Cleavage,  elementary,  of  muscles,  635 
Cleft  palate,  37 

Climate  in  etiology  of  disease,  27 
Cloaca  formation  of  intestine,  459 

of  bone,  619 
Close  coil,  125 

skein,  125 
Clostridium,  260 
Clot,  104 

Cloudy  swelling,  140 
chemistry,  141 
etiology,  141 
morbid  anatomy,  141 
of  liver,  491 
of  muscles,  634 
of  myocardium,  399 
pathologic  anatomy,  141 
termination,  141 
Club-foot,  45.     See  also  Talipes. 
Club-hand,  46 
Clyers,  346 
Coagulation  necrosis,  137 

of  blood,  29 
Coagulum,  104 
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Coccaceae,  family,  258 
Coccidia  in  lung,  558 
Coccidiosis,  502 
of  rabbit's  liver,  271 
prophylaxis,  272 
Coccidium  oviforme,  271 

external  cycle  of  developments  of,  272 
in  liver,  502 
Coccus,  259 
Cohnheim's     embryonal    rests    and    vestiges 

theory  of  tumors,  175 
Cold  abscess,  318,  621 
of  joints,  632 
of  kidney,  748 
effect  on  bacteria,  263 
in  etiology  of  disease,  24 
local  effects  of,  25 
Colitis,  466,  470 

Collateral  hyperemia  of  kidney,  731 
Collaterals  of  neuraxon,  669 
CoUes'  law,  362 
CoUiquation  cysts,  249 
of  uterus,  715 
necrosis,  157 
Colloid  carcinoma,  229,  230 
of  mamma,  727 
of  stomach,  458 
of  testicle,  686 
goiter,  150,  607 
metamorphosis,  150 
etiology,  150 
morbid  anatomy,  151 
of  cells  of  epithelial  tumors,  171 
of  testicle,  682 
pathologic  histology,  151 
physiology,  131 
Colon,  inflammation  of,  470 
Colostrum  corpuscles,  142 
Colpitis,  716 

acute  catarrhal,  717 
chronic,  717 
diphtheritic,  717 
dysenteric,  717 
gummatous,  717 
mycotic,  717 
parasitic,  717 
phlegmonous,  717 
pseudomembranous,  717 
Columnar  hemorrhoids,  483 
Columnar-cell  villous  papilloma,  217 
Columns,  comma,  of  Schultze,  651 
Comedo,  592 

Comma  columns  of  Schultze,  651 
Compact  osteoma,  199 
Compensatory  emphysema  of  lungs,  533 
Complementary  body,  303 
Composite  odontoma,  242 
Concentric  atrophy  of  bones,  616 
Concretions  of  prostate,  680 
Concussion,  24 

Condyloma  acuminatum,  216,  574,  709 
of  larynx,  523 
of  vagina,  716 
of  vulva,  719 
latum,  216,  359 
Congenital  anomalies  of  intestine,  459 
of  stomach,  449 
atelectasis,  531 
hernia,  462 

inguinal,  460 
ichthyosis,  575 
inguinal  hernia,  460 
leukopathia,  572 


Congenital  malformations.     See  also  Malfor- 
mations, congenital. 
syphilis,  yellow  line  of,  622 
Congestion  of  endometrium,  699 
of  intestine,  465 
acute,  465 
passive,  465 
of  lung,  chronic,  534 
hypostatic,  534 
simple  acute,  534 
of  peritoneum,  hypostatic,  509 
Conidia,  254 
Conjunctival  hyalin,  148 

Connective-tissue  changes  in  chronic  paren- 
chymatous nephritis,  741 
exostosis,  198 
tumors,  178 

of  intestine,  483 
Consanguinity  and  inbreeding  in  etiology  of 

disease,  21 
Cdnstipation,  193 

Consumption,  329.     See  also  Tuberculoiis. 
Contrecoup,  23 
Contusion,  23 

Convalesence  from  disease,  19 
Copremia,  94,  384 
Coprostasis,  93,  465 
Cord,  spermatic,  varicose  veins  of,  681 

spinal,  diseases  of,  638.  See  also  Spinal  cord. 
Corn,  574 
Cornea,  loss   of  transparency  of,  as  sign  of 

death,  163 
Cornification  of  skin,  574 
Cornu  cutaneum,  152,  574 
Corpora  amylacea,  147 
of  prostate,  680 
of  spinal  cord,  640 
oryzoidea,  633 
Corpus  callosum ,  absence  of,  661 
Corpuscles,  blood,  367 
table  of,  369 
colostrum,  142 

red  blood,  370.     See  also  Erythrocytes. 
shadow,  372 

white  blood,  374.     See  also  Leukocytes. 
Corpuscular  exudate  of  inflammation,  317 
Corrigan  pulse,  412 
Cortical  meningitis,  656 
Coryza,  515 

Cowper's  glands,  cysts  of,  680 
diseases  of,  680 
inflammation  of,  680 
Coxalgia,  632 

Craniophagous  monsters,  51 
Craniorraciiischisis,  38,  39,  40,  660 
Cranioschisis,  39,  660 
Craniotabes,  612 
Crenation  of  erythrocytes,  371 
Crenothrix,  258 
Cretin,  73 
Cretinism,  150 
Crisis,  19 
blood,  374 
in  chlorosis,  385 
in  pernicious  anemia,  383 
Crocodile  skin,  575 
Croton  oil,  effect  on  skin,  583 
Croupous  exudate  of  inflammation,  316 
inflammation,  312 

of  esophagus,  449 
pneumonia,  542.     See  also  Fibrinous  pneu- 
monia. 
urethritis,  763 
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Crude  tubercle,  334 

Crusts,  576 

Cryptorchia,  681 

Crystals,  Charcot-Leyden,in  mucus  of  catarrhs, 

ISO 
Culex,  27s 
Cups,  favus,  251,  586 
Curdy  pus,  317 
Cyanhemoglobin,  29 
Cyanosis,  70,  571,  576 

polycythemic,  393 
Cyanotic  induration,  99 
of  kidney,  731 
of  liver,  486 
Cyclencephalia,  660 
Cyclocephalus,  42 
Cyclops,  43 

Cylindric  epithelioma,  224,  226 
of  stomach,  458 
of  uterus,  225 
Cylindroids,  731 
Cylindroma,  188 

from  membranes  of  brain,  188 

of  dura  of  brain,  654 

of  peritoneum,  514 

of  spinal  cord,  644 
Cystic  adenoma  of  mamma,  724 

calculus,  761 

goiter,  607 

hernia,  461 

lymphangiomata  of  peritoneum,  514 

tumor  of  jaw,  242 
Cysticercus,  281 

cellulosse,  281 
in  lung,  558 
in  spinal  cord,  645 

in  spleen,  599 
Cystin  calculi  of  bladder,  762 
Cystitis,  757 

acute,  757 

chronic,  757 

phlegmonous,  757 
Cystocarcinoma  of  testicle,  686 
Cystocele,  461 
Cystoides,  213 
Cystoma,  247 

of  ovary,  151 

papilliferous,  690 
papilliferum  carcinomatosum,  691 
simple,  691 
Cystosarcoraa  of  mamma,  722 

of  testicle,  685 
Cysts,  247 

apoplectic,  665 

atheromatous,  419,  592 

branchial,  248 

chylous,  of  peritoneum,  514 

colliquation,  249 
of  uterus,  715 

dentigerous,  241 

dermoid,  243.     See  also  Dermoid  tumors. 

echinococcus.     See  also  Echinococcus. 

exudation,  249 

follicular,  of  ovary,  689 

gas,  loi 

multilocular,  238,  247 

multiple,  of  intestine,  483 

of  arachnoid,  660 

of  bladder,  760 
echinococcus,  738 

of  breast,  728 

of  Cowper's  glands,  680 

of  Fallopian  tube,  695 


Cysts  of  intestine,  460 

multiple,  483 

parasitic,  684 
of  kidney,  751 
of  larynx,  523 
of  liver,  502 
of  mamma,  728 
of  mouth,  437 
of  ovary,  247 

follicular,  6S9 
of  parovarium,  6go 
of  peritoneum,  514 

chylous,  S14 
of  pia  of  brain,  660 
of  pituitary  body,  609 
of  prostate,  680 
of  spleen,  599 
of  testicle,  684 

dermoid,  684 

parasitic,  684 

retention,  684 

serous,  684 
of  trachea,  526 
of  uterus,  715 

colliquation,  715 

parasitic,  715 
of  vagina,  718 
of  vulva,  719 
parasitic,  249 

of  testicle,  684 

of  uterus,  715 
proliferous,  607 
retention,  247 

of  testicle,  684 
salivary,  144 
sebaceous,  792 
serous,  of  testicle,  684 
tubo-ovarian,  690 
Cytase,  303 
Cytoplasm,  115,  126 

of  nerve-cell,  pigmentation  of,  669 
Cytotoxins,  303 

Darier's  disease,  574 
Daughter  stars,  125 

formation  of,  separation  of  chromosomes 
and,  I2S 

transformation  of,  into   perfect  nucleus^ 

125 
Death,  162 
cellular,  162 
molecular,  162 
pathologic,  162 
physiologic,  162 
signs  of,  162 

algor  mortis  as,  162 
cadaveric  lividity  as,  163 

rigidity  as,  163 
infallible,  162 
livores  mortis  as,  163 
loss  of  tissue  elasticity  as,  163 

of  transparency  of  cornea  and  dilata- 
tion of  pupils  as,  163 
putrefaction  as,  163 
relaxation  of  sphincter  muscles  as,  163 
rigor  mortis  as,  163 
somatic,  162 
Deciduoma  malignum,  713 
Decomposition  in  gangrene,  159 
Decubitus,  156,  573 
Deferentitis,  681 
Definitive  callus,  625 
Deformities  of  brain,  660 
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Deformities  of  brain  depending  upon  malfor- 
mations of  cranium,  660 
of  skull,  660 
Degeneration,  128 

amyloid,  of  kidney,  146 

of  liver,  145 
fatty,  of  adrenal  bodies,  5io 
of  adventitia.  416 
of  arteries,  415 
of  bone-marrow,  606 
of  cartilages  of  joints,  626 
of  epithelium  of  kidney,  143 
of  intestine,  466 
of  intima,  415 
of  liver,  130 

of  middle  coat  of  artery,  416 
of  veins,  428 
hematogenous,  of  kidney,  735 
hyaline,  in  tumors,  172 
of  arteries,  416 
of  intestine,  466 
of  lymphatic  nodes,  600 
of  muscles,  634 
of  ovarian  artery,  148 
of  tumors,  416 
myxomatous,  of  sarcoma,  180 
nuclear,  of  nerve-cell,  669 
of  adrenal  bodies,  610 
of  bone-marrow,  606 

of  brain,  secondary,  from   cerebral  hemor- 
rhage, 665 
of  kidney,  734.     See  also  Nephritis. 
oi  liver,  487 
amyloid,  146 
parenchymatoits,  491 
of  muscles,  hydropic,  634 

melanosis  in,  139 
of  muscular  tissue,  634 
of  nerve-cell,  nuclear,  669 
of  pancreas,  509 
of  peripheral  nerves,  674 
etiology,  674 
morbid  changes,  675 
of  spinal  cord,  639 
ascending,  651 
descending,  651 
primary,  639 
secondary,  639,  650 
of  spleen,  598 
of  stomach,  cellular,  455 
of  testicle,  682 
of  uterus,  699 
Degenerative  inflammation.  312 
Demarcation,  line  of,  in  gangrene,  160 
Dementia,  paretic,  chronic  leptomeningitis  in, 

657 
Demodex  folliculorum,  298 
Dendrons,  669 
Dental  osteoma,  199 
Dentigerous  cysts,  241 
Dermatitis,  blastomycetic,  587 
fungi  in,  257 
bullosa,  579 
exanthematous,  578 
exfoliativa,  588 
herpetiformis,  579 
infectious,  578 
medicamentosa,  576 
multiformis,  579 
papillaris  capilliti,  593 
repens,  577 
skiagraphers' ,  25 
■venenata,  576 


Dermatographia,  584 
Dermatolysis,  193 
Dermatomycosis  furfuracea,  253 
Dermoid  cysts,  243.  See  also  Dermoid  tumors. 
tumors,  243 
diagnosis,  246 

ectopic  pregnancy  and,  differentiation,  247 
epiblastic  elements,  24s 
etiology,  245 

hypoblastic  elements,  245 
mesoblastic  elements,  245 
nature  and  disposition,  246 
of  mediastinum ,  570 
of  scrotum,  678 
of  testicle,  684 
ovarian,  244 

pathogenesis,  theory  of,  246 
pathologic  anatomy,  244 
seat  of  occurrence,  244 
Desiccation,  effect  on  bacteria,  265 
Desmon,  303 

Desquamatio  membranacea,  584 
Desquamative  inflammation,  312 
Destruction,  discoidal,  of  muscles,  635 
Destructive  adenoma  of  stomach,  458 

of  uterus,  712 
Deutero-albumose,  61 
Deuteroplasm,  115 
Development,  defects  of,  35 
Diabetes,  76 
atrophy  of  pancreas  in,  507 
ferment  theory,  79 
kidneys  in,  77,  78 
liver  in,  'j'j,  78 
morbid  anatomy,  77 
nervous  theory,  79 
oxidation  theory,  79 
pancreas  in,  77,  78 
theory  of,  78 
vasohepatic  theory,  79 
Diapedesis,  99,  314 

hemorrhage  by,  102 
Diaphoresis,  60 
Diaphragmatic  hernia,  461 
Diarrhea,  60,  93 

spurious,  94 
Diastematomyelia,  638 
Diathesis,  uric-acid,  630 
Dicephalus,  56 

tetrabranchius,  56 
Digestion,  carbohydrate,  pathology,  62 
effect  of  loss  of  bile  upon,  92 
leukocytosis  of,  376 
of  albuminoids,  61 
of  albumins,  61 
of  carbohydrates,  62 
of  fats,  63 

of  proteids,  pathology,  61 
pathology,  60 
peptic,  61 
tryptic,  61 
Digestive  system,  diseases  of,  432 
Dilatation  of  bladder,  754 
of  esophagus,  446 
of  heart,  409 
of  intestines,  464 
of  pupils  as  sign  of  death,  163 
Diphtheria,  bacillus  of,  440 
of  larynx,  519 
of  trachea,  526 
tonsillar,  439 
Diphtheritic  colpitis,  717 
inflammation,  312 
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Diphtheritic      pharyngitis,    pseudomembran- 
ous, 440 
rhinitis,  516 
stomatitis,  434 
trachitis,  525 
urethritis,  763 
Diplococcus,  259 
intracellularis  meningitidis,  655 
cultivation,  655 
distribution,  656 
morphology,  655 
pathogenesis,  656 
staining,  655 
lanceolatus,  542.     See  also  Pneumococcus. 
pneumoniae,  543.     See  also  Pneumococcus. 
Diprosopus,  56 
Dipsesis,  60 
Dipsomania,  60 
Dipygus,  57 

parasiticus,  57 
Discoidal  destruction  of  muscles,  635 
Disease,  classification,  17 
congenital,  22 
convalescence  from,  19 
definition,  17 

development  and  progress,  18 
etiology,  20 
age  in,  22 

association  of  man  with  domestic  animals 
m,  33 
with  man  in,  32 
with  wild  animals  in,  33 
atmospheric  pressure  in,  26 
Becquerel's  rays  in,  26 
climate  in,  27 
cold  in,  24 
electricity  in,  25 
environment  in,  31 
exposure  in,  31 
extrinsic  factors  in,  23 
false  heredity  in,  21 
food  in,  30 
heat  in,  24 
heredity  in,  20 
intoxication  in,  27,  32 
intrinsic  factors  in,  20 
light  in,  26 

mechanical  forces  in,  23 
nerve  exhaustion  in,  32 
occupation  in,  31 
physical  agencies  in,  23 
poisons  of  immediate  and  indiscriminate 
action  in,  28 
of  remote  and  selective  action  in,  29 
pressure  in,  23 
race  in,  22 
season  in,  26 
sex  in,  22 
sounds  in,  26 
temperature  in,  24 
trauma  in,  31 
^■-rays  in,  25 
invasion  or  onset  of,  19 
progress,  18 
secondary,  19 
termination  of,  19 
Dislocation  of  joints,  633 
Dissecting  aneurysm ,  425 

pneumonia,  549 
Disseminated  sclerosis,  647 
Distoma  haematobium,  295 
hepaticum,  295 
lanceolatum,  295 


I  Distoma  pulmonale,  297 
Diuresis,  60 

Diverticula,  Meckel's,  460 
of  bladder,  755 
of  esophagus,  446 
pressure,  446 
traction,  447 
of  intestine,  460,  465 
Double  bladder,  754 

hand,  44 
Dropsy,  99,  132.    See  also  Edema. 
Drunkard's  liver,  494 
Dry  gangrene,  157 

senile,  of  lower  extremity,  160 
pleurisy,  560 
Duct,  bile-diseases  of,  502.      See  also   Bile- 
ducts. 
carcinoma,  231 
omphalomesenteric,  460 
vitelline,  460 

Wirsung's,  obstruction  of,  509 
Duhring's  disease,  579 
Duodenitis,  469 

Duodenum,  peptic  ulcer  of,  452 
Dura  of  brain,  angiosarcoma  of,  654 
calcification  of,  653 
cylindroma  of.  654 
diseases  of,  651 
endothelioma  of,  654 
growths  of,  secondary,  654 
hematomata  of,  653 
hemorrhage  of,  652 
hyperemia  of,  651 
osteophytes  of,  653 
parasites  of,  654 
psammoma  of,  654 
psammosarcoma  of,  654 
sarcoma  of,  653 
syphilis  of,  653 
thrombosis  of,  652 
tuberculosis  of,  653 
tumors  of,  653 
of  spinal  cord,  tuberculosis  of,  643 
tumors  of,  645 
Durative  cells,  256 
Dwarf,  127 
Dyscrasia,  66 

definition,  299 
Dysenteric  colpitis,  717 
Dysentery,  471 
abscess  of  liver  in,  474 
amebic,  471 

morbid  anatomy,  472 
bacillus  of,  471 

typhoid  bacillus  and,  differentiation,  471 
bacteriology  of,  471 
complications,  474 
endemic,  471 

morbid  anatomy,  472 
epidemic,  471 

morbid  anatomy,  472 
etiology,  471 
histology,  473 
morbid  anatomy,  478 
tropic,  471 
Dysmenorrhea,  700 
membranous,  700 
Dyspnea,  70 
Dystrophy  of  muscles,  634 

Ear,  middle,  cholesteatoma  of,  243 

Eburnations,  620 

Eccentric  atrophy  of  bones,  6i5 
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Ecchondroma,  200,  201 
Eochymoses,  102,  571 
Ecchymosis,  definition,  572 
Echinococcus  hydatidosus,  285 

multilocularis,  285,  286 

of  bladder,  758 

of  liver,  502 

of  lung,  S58 

of  mediastinum,  570 

of  peritoneum,  514 

of  pleura,  570 

of  thyroid,  608 

scoliciparicus,  285 
Echinorrhynchus  gigas,  294 
Ectatic  aneurysm,  425 
Ecthyma,  S76.  S8i 
Ectopia  cordis,  38 

cruralis,  45 

cruroscrotalis,  45 

inguinalis,  45 

perinealis,  45 

vesicae  urinarise,  38 
Ectopic  pregnancy,  dermoid  tumor  and,  dif- 
ferentiation, 247 
Ectosarc,  114 
Ectromelus,  36 
Ectropion  of  uterus,  698 
Eczema,  576 

acute,  577 

chronic,  577 

crustosum,  577 

erythematosum,  576 

folliculorum,  577 

histologic  changes,  £77 

madidans,  577 

papulosum,  576 

pustulosum,  S77 

rubrum,  576 

seborrhoicum,  577 

squamosum,  577 

vesiculosum,  577 
Edema,  99,  132 

angioneurotic,  571 

causes,  99 

chemistry,  100 

inflammatory,  in  nephritis,  739 

of  arachnoid,  655 
gelatinous,  655 

of  brain,  663 

of  cells,  132 

of  glottis,  acute,  518 

of  intestine,  465 

of  lung,  S3S 

morbid  anatomy,  536 

of  newborn,  571 

of  peripheral  nerves,  674 

of  pia  of  brain,  654 
gelatinous,  655 

of  skin,  571 

of  vulva,  718 

pathologic  histology,  loi 

special  forms,  100 
Ehrlich's   lateral-chain   theory  of   immunity, 

304 
Elasticity,  tissue,  loss  of,  as  sign  of  death,  163 
Electricity,  effect  on  bacteria,  263 

in  etiology  of  disease,  25 
Eleidin,  152 

Elementary  cleavage  of  muscles,  635 
Elephantiasis,  104,  167,  213 

Arabum,  574 

dura,  574 

grsecorum,  341 


Elephantiasis  mollis,  574 
of  mamma,  722 
of  scrotum,  293,  678 
of  vulva,  719 
Emaciation,  64,  153 
Emboli,  108,  109 
air,  112 
fat,  112 
infectious,  109 
mechanical,  109 
micro-organismal,  113 
parasitic,  113 
pigment,  112 
varieties,  109 
Embolic  abscess,  318 

of  lung,  318 
Embolism,  109 
anthracotic,  112 
etiology,  109 
of  brain,  665 
of  gastric  vessels,  451 
of  intestine,  465 
of  kidney,  infectious,  734 
of  spleen,  595 
results,  109 

seats  of  occurrence,  109 
Embryo,  filaria,  292 
Emphysema,  loi 
interstitial,  loi 

of  mediastinum,  570 
of  lungs,  532 
chronic,  532 
compensatory,  533 
diffuse,  532 
etiology,  532,  533 
idiopathic,  532 
interlobular,  532 
interstitial,  532 
intervesicular,  532 
senile,  534 
substantial,  532 
vesicular,  acute,  532 
vicarious,  533 
of  mediastinum,  interstitial,  570 
Empyema,  320,  561 
adhesions  in,  564 
bacteriology,  563 
changes  in  lungs  in,  565 
in  pleura  in,  564 
in  thorax  in,  566 
course,  567 
eifect  upon  circulation,  566 

upon  respiration,  566 
etiology,  561 

in  pulmonary  tuberculosis,  555 
loculated,  565 
morbid  anatomy,  563 
necessitatis,  567 
pulsating,  566 
putrid,  563 
termination,  567 
Encephalitis,  667 
chronic,  670 
focal,  hematogenic,  668 
interstitial,  668 
suppurative,  668 
syphilitic,  671 
toxic,  669 
traumatic,  667 
Encephalocele,  41,  660 
Encephaloid,  228 
Encephalomalacia,  666 
Encephalomeningocele,  41,  660 
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Bnchondroma,  200,  201 
Endarteritis,  416 

deformans,  420 

obliterans,  423 

productive,  421 
Endemic  dysentery,  471 

morbid  anatomy,  472 
Endobronchltis,  531 
Endocardial  murmurs,  table  of,  413 
Endocarditis,  402 

acute,  402 
bacteriology,  402 
etiology,  402 
morbid  anatomy,  402 

chronic,  405 

atheroma  in,  406 

etiology,  405 

mineralization   of  fibroid  and  indurated 

structure  in,  406 
morbid  anatomy,  405 

malignant,  402,  404 

mural,  402,  406 

polypose,  403 

pustular,  403 

sclerotic,  405 

ulcerative,  402,  404 

valvular,  402 

verrucose,  402,  403 

villous,  403 
Endocardium,  diseases  of,  402.     See  also  En- 
docarditis. 
Endogenous  cell  formation,  123 

intoxication,  27 
Endometritis,  acute,  700 
morbid  anatomy,  701 

chronic,  701 

glandular.  701 

interstitial,  701 
Endometrium,  congestion  of,  699 

hyperemia  of,  699 

inflammation  of,  700 

sarcoma  of,  707 
Endophlebitis,  429 
Endospores,  259 
Endostoses,  620 
Endostosis,  199 
Endothelioma,  186,  226 

morbid  anatomy,  187 

of  arachnoid,  659 

of  bones,  625 

of  brain,  672 

of  dura  of  brain,  654 

of  intestine,  483 

of  ovary,  693 

of  peritoneum,  513 

of  pia  of  brain,  659 

of  pleura,  186 

of  skin,  590 

of  testicle,  685 

pathologic  histology,  187 

tuberosum,  590 
End-products,  95 
Enteritis,  466 

catarrhal,  467 

chronic,  468 

etiology,  466 

extrinsic  causes,  466 

follicular,  467 

intrinsic  causes,  467 

phlegmonous,  468 

physiology  of,  469 

pseudomembranous,  468 

special  forms,  469 


Enteritis,  ulcerative,  468 

Enterocele,  461 

Enterocolitis,  466 

Enterocystoma,  483,  514 

Enteroliths,  134,  469 

Enteromycosis  bacteritica,  482 

Environment  in  etiology  of  disease,  31 

Enzymes  of  bacteria,  267 

Eosinophile  cells  in  pernicious  anemia,  384 

Eosinophilia,  379 

in  parasitic  diseases,  380 

in  trichiniasis,  380 
Eosinophilic  cells  in  inflammation,  322 

leukocytes,  375 
Ephelides,  572 
Epidemic  cerebrospinal  meningitis,  645,  657 

dysentery,  471 
morbid  anatomy,  472 

parotitis,  444 
Epididymis,  inflammation  of,  682 

syphilis  of,  684 
Epididymitis,  682 
Epignathus,  52,  54 
Epiphysis  cerebri,  diseases  of,  673.     See  also 

Pineal  gland. 
Epiplocele,  461 
Epipygus,  53 
Epispadias,  38,  677 
Epithelial  casts  in  nephritis,  738 

cells  in  carcinoma,  237 

hyalin,  148 

odontoma,  241 

pearls,  152,  219,  223 

tissue,  regeneration  of,  325 
tumors,  215 

tumors,  215 
cells  of,  colloid  metamorphosis  of,  171 
of  intestine,  primary,  483 
of  kidney,  749 
Epithelioid  cell  in  inflammation,  322 

tubercle,  335 
Epithelioma,  219,  226 

contagiosum,  587 

cylindric,  224,  226 

deflnition,  215 

exedens,  224 

of  arachnoid,  659 

of  bladder,  squamous,  759 

of  cervix  uteri,  squamous,  709 

of  esophagus,  448 
squamous,  449 

of  intestine,  squamous,  484 

of  larynx,  524 
squamous,  525 

of  nose,  squamous,  517 

of  ovary,  squamous,  692 

of  penis,  678 

of  pia  of  brain,  659 

of  scrotum,  678 

of  stomach,  cylindric,  224,  226 
squamous,  458 

of  thymus  gland,  605 

of  tongue,  437 

of  trachea,  secondary,  526 

of  urethra,  763 

of  uterus,  cylindric,  225 
squamous,  712 

of  vulva,  719 

papillary,  222 

squamous,  220.     See  also  Squamous  epiths' 
lioma. 
Epithelium  of  kidney,  fatty  degeneration  of, 
143 
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Epulis,  184,  193,  194,  437 
Equinia,  343 
Erosion,  576 

lacunar,  in  tuberculosis  of  bones,  621 

of  cervix  uteri,  702 
granular,  702 

of  stomach,  hemorrhagic,  450 
Erysipelas,  578 

facial,  579 

of  eyelid,  304 
Erythema,  97,  571,  576 

intertrigo,  571 

multiforme,  588 

nodosum,  97,  588 

pernio,  571 
Erythrasma,  253,  587 
Erythrocytes,  changes  in,  370 
in  form,  371 
in  nuclei,  371 
in  number,  373 
in  size,  371 
in  staining,  372 

crenation  of,  371 

destruction,  371 

effect  of  altitude  on,  373 

hemoglobin  of,  372.     See  also  Hemoglobin. 

in  chlorosis,  385 

in  leukemia,  390 

in  pernicious  anemia,  383 

in  secondary  anemia,  392 

origin,  370 
Erythrodextrin,  62 
Esophagitis,  448 

catarrhal,  448 

croupous,  449 

mycotic,  449 

phlegmonous,  449 
Esophagomalacia,  448 
Esophagus,  carcinoma  of,  449 

dilatation  of,  446 

diseases  of,  445 

diverticula  of,  446 
pressure,  446 
traction,  447 

epithelioma  of,  448 
squamous,  449 

inflammation  of,  448.     See  also  Esophagitis. 

malformations  of,  445 

perforation  of,  448 

rupture  of,  448 

stenosis  of,  445 

tumors  of,  449 
Estivo-autumnal  fever,  parasite  of,  275 
Etat  crible,  667 
Ethers,  effect  on  bacteria,  264 
Ethmocephalia,  43 
Eurotium,  254 
Eustrongylus  gigas,  294 
Exanthematous  dermatitis,  578 

diseases  of  skin,  584 
Excoriations,  576 
Excretin,  92 
Excretion,  80 

pulmonary,  81 

urinary,  81 
Exercirknochen,  135 
Exercise,  leukocytosis  from,  377 
Exfoliation  of  sphacelus,  160 
Exhaustion,  nerve,  in  etiology  of  disease,  32 
Exogenous  intoxication,  27,  28 
Exophthalmic  goiter,  74 
Exostosis,  199 

connective-tissue,  198 


Exostosis  due  to  calcification  of  inflammatory 
exudation,  199 

subungual,  199 
Experimental  fever,  71 
Exposure  in  etiology  of  disease,  31 
Extraneous  mineralization,  136 

pigments,  140 
Extra-uterine  pregnancy,  dermoid  tumor  and, 

differentiation,  247 
Extrophy  of  bladder,  754 
Exuberant  granulations,  321 
Exudate,  corpuscular,  of  inflammation,  317 

croupous,  of  inflammation,  316 

fibrinous,  of  inflammation,  316 

hemorrhagic,  of  inflammation,  317 

inflammatory,  313,  315 

intercellular,  of  chancre,  359 

serous,  of  inflammation,  316 
Exudation,  cellular,  317 

cysts,  249 

hyalin,  148 

inflammatory,  calcification  of,  exostoses  due 
to,  199 

purulent,  317 
Exudative  inflammation,  312 

peritonitis,  tuberculous,  512 

pleurisy,  560 
Eyelid,  erysipelas  of,  304 

Face,  frog,  517 
Facial  erysipelas,  579 
Fallopian  tubes,  carcinoma  of,  695 
congenital  malformations  of,  693 
cysts  of,  69s 
diseases  of,  693 
fibroma  of,  695 
fibromyoma  of,  69S 
hyperemia  of,  693 
inflammation  of,  693 
lipoma  of,  695 
myofibroma  of,  695 
papilloma  of,  695 
sarcoma  of,  695 
syncytioma  malignum  of,  695 
syphilis  of,  695 
tuberculosis  of,  694 
tumors  of,  695 
False  neuroma,  193,  207,  676 

pigments  in  bone-marrow,  606 
Family  bacteriaceae,  258 
beggiatoaceas,  258 
chamydobacteriaceas,  258 
coccaceae,  258 
mycobacteriaceae,  238 
spirillacese,  258 
Farcin,  343 
du  bcEuf,  350 
etiology,  350 
morbid  anatomy,  351 
pathologic  histology,  351 
Farcy,  343,  345 
buds,  345 
cattle,  350 
Fastigium,  continuous,  19 
Fat  digestion,  63 
pathology,  63 
droplet,  relation  to  cell,  130 
necrosis,  63 
of  pancreas,  508 
Fatty  degeneration  of  adrenal  bodies,  610 
of  adventitia,  416 
of  arteries,  415 
of  bone-marrow,  606 
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Fatty   degeneration    of   cartilages    of  joints,  | 
626 
of  epithelium  of  kidney,  143 
of  intestine,  466 
of  intima,  415 
of  liver,  130 

of  middle  coat  of  artery,  416 
of  veins,  428 
granule  cells,  143 
infiltration,  129 
etiology,  129 
in  tumor,  172 
microchemistry,  131 
morbid  anatomy,  130 
of  bone-marrow,  606 
of  liver,  487 
of  mxiscles,  634 
of  myocardium,  400 
of  pancreas,  508 
of  tumors,  172 
pathologic  histology,  130 
postmortem  changes  in,  131 
seats  of  occurrence,  129 
Hvers  of  phosphorus  and  arsenical  poison- 
ings, 490 
metamorphosis,  141 
chemistry,  144 
etiology,  142 

in  chronic  parenchymatous  nephritis,  740 
morbid  anatomy,  142 

physiology,  144 
of  liver,  488 
of  muscles,  634 
of  myocardium,  399 
of  pancreas,  508 
of  stomach,  455 
of  testicle,  682 
of  uterus,  699 
pathologic  histology,  143 
termination,  144 
neck,  196 
Favus,  251,  586 
cups,  251,  586 
of  finger-nails,  251 
Feces,  92 
Felons,  320 
Femoral  hernia,  461 
Fenestration  of  valves  of  heart,  404 
Fermentation,  bacteria  of,  265,  266 
Fetal  atelectasis,  531 

openings  in  heart,  persistence  of,  395 
structures,  persistent,  47 
Fetus  papyraceus,  52 

sireniform,  43 
Fever,  jo 
anatomic  changes  from,  71 
Charcot's,  of  gall-stones,  506 
disturbances  of  fiinctions  of  body  in,  72 
etiology,  70 
experimental,  71 
infectious,  70 
mechanism  of,  71 
metabolism  in,  72 
paratyphoid,  481 
traumatic,  70 

typhoid,  476.     See  also  Typhoid  fever. 
typhus,  skin  in,  585 
yellow,  278 
liver  of,  490 
Fever-blister,  580 
Fibrillar  neuroma,  207 
Fibrin,  157 
in  blood,  380 


Fibrinopurulent  leptomeningitis,  cerebral,  656 
Fibrinous  bronchitis,  529 
exudate  of  inflammation,  316 
pericarditis,  397 
pneumonia,  542 
bacteriology,  542 
caseation  from,  548 
etiology,  542 
leukocytosis  in,  377 
morbid  anatomy,  545 
postpneumonic  induration  from,  S48 
stage  of  congestion,  546 
of  gray  hepatization,  547 
of  red  hepatization,  547 
of  resolution,  548 
Fibroadenoma,  239 
of  bladder,  759 
of  mammary  gland,  238 
of  ovary,  692 
Fibroblasts,  320 
Fibrocellular  tumor,  193 
Fibroid  granulation  tissue,  321 
heart,  401 
of  uterus,  203,  704 
extramural,  705 
interstitial,  704 
intramural,  704 
mural,  704 
submucous,  705 
subperitoneal,  705 
phthisis,  333,  554 
recurrent,  183 
Fibrolipoma,  196 
Fibroma,  191 

calcification  in,  192 

growth  of,  192 

moUuscum,  589 

of  bladder,  759 

of  bones,  624 

of  brain,  673 

of  breast,  722 

of  Fallopian  tube,  695 

of  intestine,  483 

of  kidney,  748 

of  larynx,  523 

pedunculated,  523 
of  liver,  499 
of  mamma,  722 
of  nose,  517 
of  ovary,  692 
of  skin,  589 
of  spinal  cord,  644 
of  testicle,  685 
of  thyroid  gland,  608 
of  trachea,  526 
of  urethra,  763 
of  vagina,  717 
of  vulva,  719 
pathologic  histology,  192 
pigmentation  in,  192 
retrogressive  changes  of,  192 
seat  of  occurrence,  191 
structure  of,  192 
Fibromyoma  of  bladder,  759 
of  Fallopian  tube,  695 
of  ovary,  692 
of  vagina,  717 
Fibroplastic  tumors,  183 
Fibrosarcoma,  182 
of  bladder,  759 
of  mamma,  722 
of  ovary,  692 
Fibrosis,  323 
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Fibrosis,  arteriocapillary,  417.     See  also  Ar- 
teriosclerosis. 

of  mamma,  diffuse,  721 
Fibrous  anlsylosis,  628,  633 

myocarditis,  401 

myositis,  636 

odontoma,  241 

pachymeningitis,  cerebral,  653 

peribronchitis,  531 

periostitis,  618 

polyps  of  uterus,  705 

struma,  607 
Filaria  diurna,  293 

embryo,  292 

hominis  oris,  293 

labialis,  293 

lentis,  293 

medinensis,  293,  294 

nocturna,  292 

perstans,  293 

restiformis,  293 

sanguinis  hominis,  292 
Filarial  worm,  292 
Finger-nails,  favus  of,  251 
Fingers,  supernumerary,  45 
Fissura  genitalis,  38 
Fissural  angioma,  209 
Fissures  of  skin,  576 
Fistula,  315 

in  ano,  471 

milk',  721 

of  vagina,  716 

rectovesical,  756 

salivary,  444 

urogenital,  703,  755 
Fistulse  colli  congenita,  37 
Fistulous   communications  between    bladder 

and  other  viscera,  755 
Fixateur,  303 
Flagella,  260 
Flagellated  bodies,  276 
Flat,  tabular  swelling,  169 
Floating  kidney,  45,  729 

liver,  485 

spleen,  595 
Flulce,  bronchial,  558 

lung,  558 
Focal  encephalitis,  hematogenic,  668 
Follicles,  hair-,  diseases  of,  592 

of  Naboth,  248 
Follicular  cysts  of  ovary,  689 

enteritis,  467 

odontoma,  241 
compound,  241 

stomatitis,  433 

tonsillitis,  438 
Food,  59 

assimilation  of,  63 

definition,  59 

in  etiology  of  disease,  30 

in  etiology  of  tuberculosis,  330 

necessity  for,  59 

poisons,  30 

relation  of  bacteria  to,  262 
Foot,  fungus,  of  India,  349 

gangrene  of,  symmetric,  158 

madura,  349 

perforating  ulcer  of,  156,  573 
Foramen  of  Winslow,  hernia  of,  461 

ovale,  394 
hernia  of,  461 
persistence  of,  394 
Foreign  bodies  in  intestine,  463  ' 


Foreign  bodies  in  nose,  517 
Formaldehyd,  effect  on  bacteria,  264 
Fracture,  625 

comminuted,  625 

complicated,  625 

compound,  625 

green-stick,  625 

healing  of,  625 

simple,  625 
Fragilitas  crinium,  593 

ossium,  616 
Fragmentation  of  myocardium,  401 
Frankel's  pneumococcus,  542.    See  also  Pneu- 

mococcus. 
Freckles,  139,  572 
Free  bodies  of  joints,  632 

cartilages,  202 
Friction  sclerosis,  398 
Friedlander's  bacillus,  S44 

pneumococcus,  544 
Friedreich's  ataxia,  648 
Frog  face,  517 
Fuchsin  body,  235,  236 
Function,  loss  of,  in  inflammation,  313 
Fungous  diseases  of  skin,  586 

joint  disease,  631 

tuberculous  arthritis,  632 
Fungus,  169,  251 

biology  of,  261 

foot  of  India,  349 

hematodes,  226,  232 

of  testicle,  benign,  683 

ray,  261 

tuberculous,  683 
Furuncles,  320,  578 

Galactocele,  248 

of  testicle,  684 
Galactorrhea,  722 
Gall-bladder,  carcinoma  of,  503 
diseases  of,  502 

perforation  of,  from  gall-stones,  506 
tumors  of,  503 
Gall-stones,  503.     See  also  Calculi,  biliary. 
Gametocytes,  276 
Ganglia  of  tendon-sheaths,  633 
Ganglionar  neuroglioma,  671 

neuroma,  207 
Gangrene,  157 
decomposition  in,  159 
diabeticorum,  158 
dry,  157 
hospital,  158 

in  pulmonary  tuberculosis,  555 
line  of  demarcation  in,  160 

of  ulceration  in,  161 
of  arteries,  416 
of  feet,  symmetric,  158 
of  hands,  symmetric  moist,  158 
of  intestine,  159 

of  lower  extremity,  senile  dry,  160 
of  lung,  159,  537 
circumscribed,  538 
diffuse,  538 
etiology,  537 
idiopathic,  538 
morbid  anatomy,  538 
of  skin,  S73 

from  carbolic  acid,  574 
of  vulva,  718 
Gangrenous  inflammation,  312 
stomatitis,  435 

(noma),  in  typhoid  fever,  481 
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Gartner's  ducts,  malformations  of,  47 

Gas  cysts,  101 

Gases,  effect  on  bacteria,  264 

of  bacteria,  266 
Gastric  juice,  effect  upon  stomach,  451 
Gastritis,  453 

acute,  453 

clironic,  4S3 
simple,  454 

mycotic,  453 

parenchymatosa  hyperpeptica,  455 
mucosa,  455 

phlegmonous,  453 

pseudomembranous,  453 

sclerotic,  454 
Gastro-enteritis,  466 
Gastromalacia,  62,  452 

brown,  453 

gelatinous,  453 

pulpy,  453 
Gastroptosis,  459 

from  carcinoma  of  stomach,  458 
Gastroschisis,  complete,  38 
Gelatinous  edema  of  arachnoid,  655 
of  pia  of  brain,  655 

softening  of  walls  of  stomach,  453 
Gemmules  of  nerve-cell,  669 
Germicides,  264 
Giant-cell,  159 

in  inflammation,  323 

of  tubercle,  336,  337 

sarcoma,  183 
of  bones,  624 
of  mamma,  72s 
of  thigh,  184 
Gigantism,  74,  165 

etiology,  166 
Gland,  Bartholin's,  diseases  of,  718 

Cowper's,  diseases  of,  680.    See  also  Cow- 
fers  glands. 

hemolymph,  600 

in  leukemia,  388 

mammary,    diseases    of,     719.       See     also 
Mamma. 

parotid,  mixed  tumor  of,  44s 

pineal,    diseases  of,    673.     See   also  Pmea.1 
gland. 

prostate,  diseases  of,  678.      See  also  Pros- 
tate. 

salivary,  diseases  of,  444.    See  also  Salivary 


sebaceous,  diseases  of,  591 
submaxillary,  chondroma  of,  201 
sweat-,  diseases  of,  591 
thymus,  diseases  of,  604.     See  also  Thymus 

gland. 
thyroid,  diseases  of,  606.     See  also  Thyroid 
gland. 
Glanders,  343 

acute,  in  man,  345 
bacillus,  343 

cultivation,  343 

morphology,  343 

pathogenesis,  344 
chronic,  in  man,  346 
etiology,  343 
morbid  anatomy,  344 
of  kidney,  748 
of  larynx,  523 
of  lung,  344,  SS7 
of  muscles,  636 
of  nose,  517 
of  skin,  583 

50 


Glanders,  pathologic  histology,  345 
Glandular  endometritis,  701 
Gleet,  763 
Glioma,  205 

medullary,  671 

of  adrenal  bodies,  610 

of  brain,  671 

of  retina,  206 

of  spinal  cord,  644 
Gliomyxoma  of  spinal  cord,  644 
Gliosarcoma  of  brain,  671 

of  spinal  cord,  644 
Gliosis,  207 

of  spinal  cord,  644 
Globulose,  61 

Glomerules  in  chronic  parenchymatous  neph- 
ritis, 740 
destruction  of,  74 

in  nephritis,  736 
Glomerulonephritis,  736 
Glossina  morsitans,  279 
Glossitis,  436 

Glossolabiolaryngeal  palsy,  progressive,  650 
Glossy  skin,  573,  578 
Glottis,  edema  of,  acute,  518 
Glycemia,  76 
Glycogenic  infiltration,  131 

of  liver,  131,  491 
Glycosuria,  76 

removal  of  pancreas  causing,  76 

shock  causing,  76 
Graelin's  test  for  bile-pigments,  138 
Goblet  cells,  150 
Goiter,  73 

adenomatous,  607 

benign,  606 

colloid,  '150,  607 

cystic,  607 

etiology,  607 

exophthalmic,  74 

fibrous,  607 

hyperemic,  606 

hyperplastic,  607 

malignant,  607 

myxomatous,  607 

parenchymatous,  607 
Gonococcus  of  Neisser,  310 
cultivation,  310 
morphology,  310 
pathogenesis,  310 
Gonorrhea,  310 
Gonorrheal  rheumatism,  627 
Gout,  84,  630 
Gouty  tophi,  631 
Grafting,  skin,  326 
Grains,  574 
Granular  casts  in  nephritis,  738 

kidney,  contracted,  743 
pale,  740 
red,  743 

laryngitis,  518 

granular  pharyngitis  and,  differentiation, 
S18,  519 

tuberculous  arthritis,  632 
Granulation,  320 

exuberant,  321 

tissue,  320 
adenoid,  321 
fibroid,  321 
Granule  cells,  compound,  in  nephritis,  738 
Granuloma  fungoides,  352 

of  intestine,  482 

specific,  329 
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Gravel,  760 

Gray  hepatization  of  lung,  546 
Green-stick  fracture,  625 
Growth,  disorders  of,  127 

inadequate,  127 

of  dura  of  brain,  secondary,  654 
Guanin,  28 
Guinea-worm,  293 
Gumma,  356,  360 

of  mouth,  436 

of  peripheral  nerves,  676 
Gummatous  colpitis,  717 

leptomeningitis,  spinal,  644 
Gunshot  wounds,  24 
Gynecomastia,  720 
Gyri,  annectant,  661 

HjEMAMCEBA  malarias,  274 
Hsematoma  tubarum,  694 
Haematophyllum  malariaft,  274 
Hairs,  atrophy  of,  593 

diseases  of,  592 
Hair-follicles,  diseases  of,  592 
Hairy  tongue,  black,  437 
Halisteresis,  613 

Halteridium  Danilewskyi,  274,  278 
Hammerschlag's  method  of  estimating  spe- 
cific gravity  of  blood,  365 
Hand,  clubbed,  46 
double,  44 

symmetric  moist  gangrene  of,  158 
Hanot's  cirrhosis,  496 
Haptophores,  304 
Harelip,  37 
Head',  swelled,  346 
Healing  of  fractures,  625 
of  wounds,  324 
by  first  intention,  324,  325 
by  second  intention,  324,  325 
Heart,  arterial  orifices  of,  abnormalities  of,  394 
atrophy  of,  409 

congenital  malformations  of,  394 
dilatation  of,  409 
diseases  of,  394 

effect  upon  other  viscera,  415 
pathologic  physiology,  410 
effect  of  diseases  of  other  viscera  upon,  414 
of  heart  lesions  upon,  410 
of  nephritis  upon,  415 
of  pulmonary  disease  upon,  414 
of  renal  disease  upon,  415 
failure,  413 

causes,  extrinsic,  413 
intrinsic,  414 
fetal  openings  in,  persistence  of,  395 
fibroid,  401 
hypertrophy  of,  407.     See  also  Hypertrophy 

of  heart. 
imperfect  septa  of,  394 
lesions,  effect  upon  heart,  410 
malformation  of,  congenital,  394 
murmurs,  formation  of,  413 

table  of,  413 
tabby  mottling  of,  382 
transposition  of  great  vessels  of,  395 
valves  of,  abnormalities  of,  395 
fenestration  of,  404 
incompetence  of,  406 
insufficiency  of,  406 
stenosis  of,  406 
Heart-muscles,    diseases    of,    399.     See    also 

Myocardiu7n. 
Heat  in  etiology  of  disease,  24 


Heat  in  inflammation,  313 
Hemangioma  of  tongue,  437 
Hemarthroses,  627 
Hematemesis,  450 
Hematidrosis,  88,  571 
Hematin,  372 
Hematocele,  ante-uterine,  700 

recto-uterine,  700 
nematodes,  fungus,  226,  232 
Hematogenic  focal  encephalitis,  668 

metastasis  in  tuberculosis,  333 

septic  metastatic  pneumonia,  542 
Hematogenous  cirrhosis,  of  liver,  493,  494 

degeneration  of  kidney,  735 

myelitis,  641 

peritonitis,  tuberculous,  512 

pigments,  137 
Hematoidin,  138,  372 
Hematoma,  102,  571 

auris,  102 

cerebral,  664 

of  dura  of  brain,  653 

of  uterus,  700 

of  vulva,  718 
Hematometra,  696 
Hematomyelia,  638,  642 
Hematoporphyrin,  373 
Hematosalpinx,  694 
Hemicrania,  660 
Hemin,  137,  372 
Hemipeptone,  61 
Hemoglobin,  137 

Almin's  test  for,  137 

carbon  dioxid,  372 
monoxid,  372 

changes  in,  372 
in  composition  of,  372 

diminution  of,  372 

in  chlorosis,  385 

in  pernicious  anemia,  384 

in  secondary  anemias,  392 
Hemoglobinemia,  372 
Hemoglobinuria,  137 
Hemolymph  glands,  600 
Hemolysis,  29 
Hemophilia,  103 
Hemoptysis,  536 

in  pulmonary  tuberculosis,  555 
Hemorrhage,  loi 

by  diapedesis,  102 

by  rhexis,  loi 

examination  of  blood  after,  374 

in  carcinoma  of  stomach,  450,  459 

in  peptic  ulcer  of  stomach,  450 

in  pulmonary  tuberculosis,  551,  555 

in  traumatic  lesions  of  stomach,  450 

in  typhoid  fever,  480 

leukocytosis  after,  377 

of  adrenal  bodies,  610 

of  arachnoid,  655 

of  bladder,  757 

of  bones,  615 

of  brain,  664 
degenerations  from,  secondary,  665 
effects  of,  primary,  665 

secondary,  664 
massive,  664 
minute,  664 

of  dura  of  brain,  652 

of  joints,  627 

of  liver,  486 

of  lung,  536 

of  mamma,  720 
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Hemorrhage  of  ovary,  688 
of  pancreas,  507 
of  pericardium,  396 
of  peripheral  nerves,  674 
of  peritoneal  cavity,  509 
of  pia  of  brain,  655 
of  pleura,  SS9 
of  skin,  571 
of  spinal  cord,  646 
of  spleen,  595 
of  stomach,  450 

punctiform,  450 
of  subperitoneal  tissue,  509 
of  tissues,  103 
of  tunica  vaginalis,  687 
of  uterus,  700 

interstitial,  700 
results,  104 
special  forms,  102 
spontaneous  arrest  of,  103 
Hemorrhagic  erosion  of  stomach,  450 
exudate  of  inflammation,  317 
herpes  zoster,  577 
infarction,  102,  no 

of  intestine,  465 

of  kidney,  734 

of  spleen,  595 
pachymeningitis,  cerebral,  653 

spinal,  64S 
pancreatitis,  acute,  507 
pemphigus,  580 
purpura,  393 
vaginitis,  687 
Hemorrhoids,  430,  484 
columnar,  485 
cutaneous,  485 
external,  484 
internal,  210,  484 
nevoid,  485 
venous,  485 
Hemosiderin,  137,  487 

in  sarcoma,  180 
Hepatitis,  492 
biliary,.  497 
interstitial,  acute,  492 

chronic,  493,  494 
parenchymatous,  acute,  491 
tuberculous,  499 
Hepatization  of  lung,  546 

gray,  546  ' 

red,  546 
Hepatogenous  cirrhosis  of  liver,  493 

pigmentation,  138 
Hereditary  syphilis,  361 

of  bones,  622 

of  intestine,  482 

shuffles  of,  363 
Heredity,  false,  in  etiology  of  disease,  21 

in  etiology  of  disease,  20 
Hermaphroditism,  47 
spurious,  48 
true,  47 
Hermaphroditismus  verus  bilateralis,  47 

lateralis,  48 

unilateralis,  48 
Hernia,  460 
abdominal,  461 
acquired,  462 
cecal,  461 
congenital,  462 
cystic,  461 
diaphragmatic,  461 
external,  460 


Hernia,  femoral,  461 

incarcerated,  461 

infantile,  461 

inflamed,  461 

infrapubic,  461 

inguinal,  460 
congenital,  460 
infantile,  461 

inguinolabial,  460 

inguinoscrotal,  460 

internal,  460,  461 

irreducible,  461 

ischiatic,  .461 

ischiorectal,  461 

labial,  461 

Littre's,  462 

lumbar,  461 

mesenteric,  461 

neck  of,  462 

obturator,  461 

of  brain,  660 

of  foramen  of  Winslow,  461 
ovale,  461 

of  ovary,  688 

of  tunica  vaginalis  testis,  encysted,  461 

omental,  461 

parainguinal,  461 

perineal,  461 

phrenic,  461 

preperitoneal,  461 

pudendal,  461 

reducible,  461 

retroperitoneal,  461 

sac  of,  hydrocele  of,  462 

sciatic,  461 

scrotal,  460 

strangulated,  461 

suppurating,  461 

umbilical,  38,  461 

vaginal,  461 

vesical,  461 
Herpes,  580 

facialis,  578,  580 

gestationes,  579 

labialis,  578,  580 

praeputialis,  580 

progenitalis,  578 

simplex,  578 

zoster,  577 
hsemorrhagica,  577 
Herpetic  inflammation,  312 

tonsillitis,  438 
Heterologous  osteoma,  198 
Heterotopia  of  spinal  cord,  638 
Heterotopic  conditions  of  brain,  662 
Heteroxanthin,  28 
Hidradenitis,  suppurative,  591 
Hidrocystoma,  591 
Histoid  tumors,  173 

structure  of,  170 
Hob-nail  liver,  324,  495 
Hodgkin's  disease,  390,  603., 
Holorachischisis,  38 
Homologous  osteoma,  198 
Horns,  cicatricial,  219 

cutaneous,  219,  574 

nail,  219 

sebaceous,  219 

virart,  219 
Horse-shoe  kidney,  729 
Hospital  gangrene,  158 
Host,  250 
Hot  abscess,  318 
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Hour-glass  stomach,  449 

from  scirrhous  carcinoma,  459 
Housemaids'  knee,  634 
Hutchinson's  teeth,  363 
Hyalin,  blood,  148 

conjunctival,  148 

definition,  148 

epithelial,  148 

exudation,  148 

tissue-necrosis,  148 
Hyaline  casts  in  nephritis,  738 

cell,  375 

chondroma,  202 

degeneration  of  arteries,  416 
of  intestine,  466 
of  lymphatic  nodes,  600 
of  muscles,  634 
of  ovarian  artery,  148 
of  tumors,  172 

metamorphosis,  147 
etiology,  148 
morbid  anatomy,  148 

physiology,  148 
pathologic  histology,  148 
Hyaloplasm,  115 
Hydatidiform  mole,  36,  197 
Hydatids  of  Morgagni,  47,  695 
Hydrarthrosis  acutus,  627 
Hydremia,  368 
Hydrencephalocele,  41 
Hydroa  herpetiformis,  579 
Hydrobilirubin,  90 
Hydrocele,  loi 

extravaginalis,  687 

funiculi  spermatid  cystici,  687 

of  hernial  sac,  462 

of  seminal  vesicles,  681 

of  tunica  vaginalis  testis,  acute,  682 

peritoneovaginalis,  686 

spermatica,  687 

vaginalis,  686 
Hydrocephalus,  41,  loi,  661 

ex  vacuo,  661 

external,  655,  661 

internal,  661 
Hydromeningocele,  41,  42 
Hydrometra,  697 
Hydromyelia,  638,  642 
Hydromyelocele,  42 
Hydronephrosis,  248,  729,  751 
Hydropericardiura,  loi,  396 
Hydropic  degeneration,  132 

of  muscles,  634 
Hydrops,  132  ' 

ex  vacuo,  655 

meningeal,  654,  661 

of  peritoneum,  510 

omenti,  510 

renalis,  751 

tendovaginalis,  633 

vesicae  fellese,  503 
Hydrorrachis,  638 

externa,  638 

circumscripta,  42 
Hydrosalpinx,  248,  694 
Hydrothorax,  loi,  559 
Hypalbuminosrs,  368 
Hyperchlorhydria,  61,  62 
Hyperemia,  96 

active,  96 

morbid  anatomy,  97 
results,  97 

collateral,  97 


Hyperemia,  idiopathic,  96 
neuroparalytic,  97 
neurotonic,  97 
of  bladder,  active,  756 

passive,  757 
of  bone-marrow,  605 
of  bones,  615 
of  brain,  663 
active,  663 
passive,  663 
of  breast,  720 
of  cartilages  of  joints,  626 
of  dura  of  brain,  651 
of  endometrium,  699 
of  Fallopian  tubes,  693 
of  kidney,  acute,  730 
collateral,  731 
passive,  731 
of  liver,  483 

passive,  485 
of  lung,  passive,  534 
of  lymphatic  nodes,  600 
of  mamma,  720 
of  ovary,  688 
passive,  688 
of  pancreas,  507 
of  pericardium,  395 
of  peripheral  nerves,  674 
of  peritoneum,  509 

passive,  509 
of  pia  of  brain,  654 
active,  654 
passive,  654 
of  pleura,  active,  559 

passive,  559 
of  skin,  active,  571 

passive,  571 
of  spinal  cord,  646 
of  spleen,  active,  593 

passive,  59s 
of  stomach,  450 

passive,  450 
of  testicle,  6S2 
of  thymus  gland,  604 
of  uterus,  699 
passive,  700 
of  vulva,  718 
passive,  97 
causes,  98 
morbid  anatomy,  98 

histology,  99 
results,  99 
Hyperemic  struma,  606.     See  also  Goiier. 
Hyperhidrosis,  88 
Hyperinosis,  370,  380 
Hyperinvolution  of  uterus,  698 
Hyperkeratosis,  152,  594 
Hyperleukocytosis,  374, 376.    See  also  Leukq- 

cytosis. 
Hypernephroma,  238,  610 

of  kidney,  749 
Hyperostosis,  199,  619 
Hyperplasia,  .166 
etiology,  166 
keratosis  cutis,  574 
morbid  anatomy,  167 

histology,  167 
of  mamma,  721 
Hyperplastic  goiter,  607 

pharyngitis,  440 
Hypertrichosis,  592 
Hypertrophic  angioma,  simple,  210 
cirrhosis  of  liver,  496 
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Hypertrophic  neuritis,  chronic,  675 

cervical  pachymeningitis,  chronic,  64s 

osteoarthropathy,  618 

tonsillitis,  438 
Hypertrophy,  164 

compensatory,  164 

etiology,  164 

false,  166.     See  also  Hyperplasia. 

morbid  anatomy,  164 
histology,  165 

numeric,  164 

of  arteries,  415 

of  bladder,  754 

of  bone-marrow,  606 

of  bones,  616 

of  breast,  721 

of  heart,  407 
concentric,  408 
eccentric,  408 
etiology,  407 
insufiBcient,  408 
morbid  anatomy,  408 
results,  408 
simple,  408 
sufficient,  408 

of  intestine,  465 

of  liver,  491 

of  lymphatic  nodes,  600 

of  mamma,  721 

of  muscles,  634 

of  nails,  593 

of  pituitary  body,  609 

of  prostate,  678 

of  skin,  S7S 

of  spleen,  596 

of  stomach,  456 

of  testicle,  682 

of  thyroid  gland,  606 

of  uterus,  698 

physiologic,  164 

pseudomuscular,  634 

simple,  164 

special  forms,  165 

true,  164 
Hypinosis,  370 
Hypochlorhydria,  61 
Hypoleukocytosis,  376,  379 
Hypophysis   cerebri,   diseases    of,   609.     See 

also  Pituitary  body. 
Hypoplasia,  36,  127 

etiology,  127 

of  brain,  660 

of  testicles,  681 
Hypopyon,  320 
Hypospadia,  677 
Hypostatic  congestion  of  lung,  534 

of  peritoneum,  509 
Hypoxanthin,  28 
Hysterocele,  461 

Ichorous  pus,  317 
Ichthyosis,  575 

acquired,  575 

congenital,  575 

sauroderma,  575 

senilis  uterina,  712 
Ichthyotic  warts,  576 
Icterus,  90.     See  also  Jaundice. 
Idiopathic  emphysema  of  lungs,  532 

gangrene  of  lung,  538 

inflammations  of  skin,  576 

pericarditis,  396 
Idioplasm,  20 


Ileitis,  469 
Immune  body,  303 
Immunity,  299 
acquired,  299 

spontaneously,  301 
active,  299 
dependence  of,  303 
depending  on  phagocytosis,  304 
Ehrlich's  lateral-chain  theory  of,  304 
experimental,  301 
explanation  of,  304 
forced,  301 

bacteriolytic  power  of  blood  in,  303 
formation  of  anti-bodies  in,  306 
natural,  299 
passive,  299 
relative,  299,  303 
Immunization,  301 
Imperforate  anus,  47 
Impetigo,  581 
contagiosum,  581 
herpetiformis,  579 
simplex,  581 
Implantation  tuberculosis,  333 
Inanition,  64 
Inbreeding  and  consanguinity  in  etiology  of 

disease,  21 
Incarcerated  hernia,  461 
Incision,  23 
Incubation,  period  of,  18 

variability  of,  19 
India,  fungus  foot  of,  349 
Indol,  92,  266 
Indolent  ulcer,  321 
Induration,  brown,  99 
of  lung,  535 
cyanotic,  99 

of  kidney,  cyanotic,  731 
of  liver,  cyanotic,  486 
postpneumonic,  548 
Indurative  biliary  hepatitis,  498 
Infarct,  no 
anemic,  no 

of  spleen,  155 
hemorrhagic,  no 
of  kidney,  733 
anemic,  734 
hemorrhagic,  734 
pigment,  732 
white,  no 
Infarction,  96,  no 
hemorrhagic,  102 
of  intestine,  465 
of  spleen,  595 
of  OS  uteri,  762 
Infection,  307 
definition,  18 
leukocytosis  of,  377 
time  of,  19 
Infectious  dermatitis,  578 
diseases,  307 
characterized  essentially  by  local  mani- 
festations   of    subacute    or    chronic 
form,  329 
of  intestine,  471 
embolism  of  kidney,  734 
fever,  70 
myelitis,  641 
pericarditis,  396 
Infiltration,  128 

calcareous,  132.     See  also  Calcareous  infil- 
tration, 
fatty,  129.     See  also  Fatty  infiltration. 
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Infiltration,  glycogenic,  131 
of  intestine,  pigmentary,  466 
of  liver,  487 

glycogenic,  131,  491 

leukemic,  491 
of  pancreas,  508 
pigmentary,  136 
round-cell,  317 
serous,  132 
uratic,  135 
Inflamed  hernia,  461 
Inflammation,  307 
acute,  312 

arterioles  in,  313 

leukocytes  in,  313 

lymphatic  phenomena  of,  314 

tissues  in,  314 

transmigration  of  leukocytes  in,  313 

vascular  phenomena  of,  313 
adhesive,  312 
agglutinative,  312 
bacteriology,  308 
catarrhal,  312 

cells  of  celomic  origin  in,  322 
chronic,  312,  323 

etiology,  323 

morbid  anatomy,  323 

pathology,  323 
classification,  312 
croupous,  312 
degenerative,  312 
desquamative,  312 
diphtheric,  312 
eosinophilic  cells  in,  322 
epithelioidcell  in,  322 
etiology,  308 
exudate  of,  corpuscular,  317 

croupous,  316 

fibrinous,  316 

hemorrhagic,  317 

serous,  316 
exudative,  312 
gangrenous,  312 
giant-cells  in,  323 
heat  in,  313 
herpetic,  312 
infectious,  308 
interstitial,  312 
leukocytes  in,  322 

polymorphonuclear,  322 
loss  of  function  in,  313 
lymphocytes  in,  322 
mast-cell  in,  322 
non-infectious,  308 
pain  in,  313 
parenchymatous,  312 
pathologic  histology,  324 
phenomena  of,  313 

interpretation  of,  323 
phlegmonous,  312 
plasma  cell  in,  322 
productive,  312 
products  of,  315 
pus  of,  312,  317.    See  also  Pus. 
redness  in,  313 
resolution  in,  319 
specific,  312,  329 
subacute,  312 
suppurative,  312 
swelling  in,  313 
terminations  of,  319 
ulcerative,  312 
vesicular,  312 


Inflammatory  edema  in  nephritis,  739 
exudates,  313,  315 

calcification  of,  exostosis  due  to,  199 
lesions,  acute,  histology  of,  321 
leukocytosis,  377 
Infrapubic  hernia,  461 
Inguinal  hernia,  460 
congenital,  460 
infantile,  461 
Inguinolabial  hernia,  460 
Inguinoscrotal  hernia,  460 
Initial  sclerosis  of  syphilis,  357 
Injuries  of  joints,  traumatic,  633 
of  penis,  traumatic,  677 
of  uterus,  traumatic,  702 
of  vagina,  traumatic,  716 
Inorganic  salts,  63 

Intercanalicular  adenoma  of  mamma,  723 
Intercellular  calcification,  134 
exudate  of  chancre,  359 
substance,  mucoid  metamorphosis  of,  149 
Interlobular  emphysema  of  lungs,  532 
Intermuscular  lipoma,  195 
Interstitial  emphysema,  mediastinal,  570 
of  lungs,  532 
encephalitis,  668 
endometritis,  701 
hemorrhage  of  uterus,  700 
hepatitis,  acute,  492 
chronic,  493,  494 
inflammation,  312 
nephritis,  acute,  741 
chronic,  742 

destruction  of  glomerules  in,  744 
tubules  in,  744 
neuritis,  674 
Intervesicular  emphysema  of  lungs,  532 
Intestinal  obstruction,  462 
acute,  94 
chronic,  94 

with  complete  retention  of  feces,  94 
trichina,  290 
Intestine,  abnormal  course  of,  460 
absence  of,  459 
actinomycosis  of,  349,  482 
adenoma  of,  483 
polypoid,  483 
amyloid  disease  of,  4^5 
angiomata  of,  483 
anomalies  of,  congenital,  459 
anthrax  of,  482 
atresia  of,  459 
atrophy  of,  465 
carcinoma  of,  484 
as  cause  of  stenosis,  464 
soft,  484 
cloaca  formation  of,  459 
congestion  of,  465 
cysts  of,  460 

multiple,  483 
dilatation  of,  464 
diseases  of,  459 

displacement  of,  460,    See  also  Hernia, 
diverticulum  of,  460,  465 
edema  of,  465 
embolism  of,  465 
endothelioma  of,  483 
epithelioma  of,  squamous,  484 
fatty  degeneration  of,  466 
fibroma  of,  483 
foreign  bodies  in,  463 
gangrene  of,  159 
granulomata  of,  482 
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Intestine,  hyaline  degeneration  of,  466 

hypertrophy  of,  465 

infarction  of,  hemorrhagic,  465 

infectious  diseases  of,  471 

infiltration  of,  pigmentary,  466 

inflammation  of,  466.     See  also  Enteritis. 

leprosy  of,  482 

lipoma  of,  483 

myoma  of,  483 

obstruction  of,  462,     See  also  Intestinal  ob- 
struction. 

papilloma  of,  soft,  217 

parasites  of,  484 

perforation  of,  in  typhoid  fever,  480 

pigmentary  infiltration  of,  466 

polypi  of,  483 

sarcoma  of,  483 
secondary,  483 

stenosis  of,  464 

cancer  as  cause,  464 

syphilis  of,  482 
hereditary,  482 

transposition  of,  460 

tuberculosis  of,  481 

tumors  of,  483 

connective-tissue,  483 
primary  epithelial,  483 
Intima,  fatty  degeneration  of,  415 
Intoxication,  autochthonous,  27 

endogenous,  27 

exogenous,  27,  28 

in  etiology  of  disease,  27,  32 

leukocytosis  of,  378 

selective  action  in,  29 
Intracanalicular  adenoma  of  mamma,  723 

sarcoma  of  mamma,  722 
Intracystic  villous  papilloma,  218 
Intramuscular  lipoma,  196 
Intussusception,  463 
Intussusceptum,  463 
Intussuscipiens,  463 
Invagination,  463 
Inversio  testiculi,  681 

vesicae  urinariae,  38 
Inversion  of  bladder,  754 

of  uterus,  698 
Invertin,  62 
Irreducible  hernia,  461 
Ischemia,  96 

of  brain,  663 

of  spinal  cord,  646 
Ischiatic  hernia,  461 
Ischiopagus,  52,  54 

monsters,  51 
Ischiorectal  hernia,  461 
Itch,  barber's,  252,  586 
Itch-mite,  297 
Ivy-poisoning,  583 

Jacob's  ulcers,  224 
Jaundice,  90 

bradycardia  in,  92 

hematogenous,  91 

hepatogenous,  go 

non-obstructive,  90 

obstructive,  90 

of  newborn,  91,  92,  732 

skin  in,  572 
Jaw,  big,  346 

lower,  phosphorus-necrosis  of,  619 

lumpy,  346 

sarcoma  of,  round-cell,  181 

tumor  of,  cystic,  242 


Joints,  abscess  of,  cold,  632 

cartilages  of,  amyloid  disease  of,  626 

fatty  degeneration  of,  626 

mineralization  of,  626 

regeneration  of,  626 
Charcot's,  631 
diseases  of,  626 

fungous,  631 
dislocation  of,  633 
free  bodies  of,  632 
hemorrhage  into,  627 
inflammation  of,  627.    See  also  Arthritis. 
injuries  of,  traumatic,  633 
luxation  of,  633 
mice,  632 

rheumatism  of,  acute,  627 
rice  bodies  of,  632     , 
tuberculosis  of,  631.     See  also  Tuberculous 

arthritis. 
tumors  of,  632 

Kalkmetastase,  133 
Kaolinosis,  136,  539 
Karyokinesis,  123 

nuclear  changes  in,  124 
Karyoraitome,  116 
Karyomitosis,  123 
Karyoplasm,  117 
Katabolism,  68 
Keloids,  193,  325,  589 

of  neck,  193 
Keratodermia,  574 
Keratohyalin,  152,  153 
Keratoma,  576 
Keratosis,  152,  575 

foUicularis,  574 

pilaris,  ^75 
Kerosene  in  destroying  mosquitos,  277 
Kidney,  abscess  of,  cold,  748 
miliary  metastatic,  734 

actinomycosis  of,  748 

adenoma  of,  750 

amyloid  degeneration  of,  146 
disease  of,  745 

anemia  of,  729 

anemic  infarctions  of,  734 

angioma  of,  748 

angiosarcoma  of,  749 

arteriosclerosis  of,  732 

calculus  of,  760 

carcinoma  of,  750 

circulation  of,  disturbances  of,  729 

congenital  malformations  of,  729 

cysts  of,  751 

degeneration  of,  734 
amyloid,  745 
hematogenous,  735 

diseases  of,  729 

embolism  of,  infectious,  734 

epithelial  tumors  of,  749 

epithelium  of,  fatty  degeneration  of,  143 

fibroma  of,  748 

floating,  45,  729 

glanders  of,  748 

granular  contracted,  743 
pale,  740 
red,  743 

hematogenous  degeneration  of,  735 

hemorrhagic  infarction  of,  734 

horse-shoe,  729 

hyperemia  of,  acute,  730 
collateral,  731 
passive,  731 
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Kidney,  hypernephroma  of,  749 
in  diabetes,  77,  78 
in  leuliemia,  385,  388 
induration  of,  cyanotic,  731 
infarcts  of,  733 
anemic,  734 
hemorrhagic,  734 
pigment,  732 
inflammation  of,  734.     See  also  Nephritis. 
leprosy  of,  748 
lipoma  of,  748 

malformation  of,  congenital,  729 
miliary  metastatic  abscesses  of,  734 

tuberculosis  of,  746 
myxoma  of,  748 
pale  granular,  740 
papilloma  of,  villous,  217 
pelvis  of,  calculus  in,  753 
diseases  of,  753 
inflammation  of,  753 
perithelioma  of,  749 
pigment  infarcts  of,  732 
red  granular,  743 
rhabdomyoma  of,  749 
rhabdomyosarcoma  of,  749 
sarcoma  of,  749 
surgical,  734,  742,  753 
syphilis  of,  748 
tissue,  regeneration  of,  326 
tuberculosis  of,  746 
miliary,  746 
primary,  746 
tumors  of,  748 

epithelial,  749 
white,  large,  740 
Klebs-Loffler  bacillus,  440 
Knee,  housemaid's,  634 
Krai,  yellow  bodies  of,  251 
Kraurosis  vulvae,  573 
Kreatin,  28 

Kreatinic  leukomains,  28 
Kreatinin,  28 

Labial  hernia,  461 
Laceration,  23 

of  cervix  uteri,  703 
Lacunar  erosion  in  tuberculosis  of  bones,  621 

tonsillitis,  438 
Laennec's  cirrhosis,  494 
Laryngeal  warts,  216 
Laryngitis,  catarrhal,  acute,  518 

granular,  518 

pharyngitis  and,  differentiation,  518,  519 

tuberculous.  520 
Larynx,  adenoma  of,  523 

angioma  of,  cavernous,  524 

carcinoma  of,  papillary,  524 

cartilages  of,  calcification  of,  525 
diseases  of,  525 
necrosis  of,  525 
perichondritic  abscesses  of,  525 

catarrh  of,  521 

chondroma  of,  523 

condyloma  acuminata  of,  523 

cysts  of,  523 

diphtheria  of,  519 

diseases  of,  517 

epithelioma  of,  524 
squamous,  525 

fibroma  of,  523 
pedunculated,  523 

glanders  of,  523 

in  typhoid  fever,  520 


Larynx  in  variola,  520 
inflammations  of,  specific,  519 
lepra  of,  522 
lipoma  of,  523 
lupus  of,  521 
lymphosarcoma  of,  524 
myxoma  of,  523 
pachydermia  verrucosa  of,  519 
perichondritis  of,  518 
polypi  of,  523 
sarcoma  of,  523 
syphilis  of,  521 
tuberculosis  of,  520 
warts  of,  523 
Lateral-chain  theory  of  immunity,  304 
Laudable  pus,  317 
Lecithin,  90 
Leg,  Barbadoes,  574 

milk-,  429 
Leiomyoma,  203 
morbid  anatomy,  203 
of  uterus,  203 
of  vulva,  719 
pathologic  histology,  204 
seat  of-  occurrence,  203 
Lenticular  carcinoma  of  skin,  591 
Lentigo,  139,  572 
Leontiasis  ossium,  617 
Leprosy,  339 
anesthetic,  343 
bacillus  of,  339 
cells  of,  340,  341 
etiology,  339 
nodular,  340,  341 

morbid  anatomy,  341 
pemphigus  of,  343 
of  bones,  623 
of  intestine,  482 
of  kidney,  748 
of  larynx,  522 
of  liver,  499 
of  lung,  SS7 

of  peripheral  nerves,  676 
of  skin,  583 
of  spinal  cord,  644 
of'spleen,  S97 
of  testicle,  684 
Leprous  rhinitis,  516 

vitiligo,  342 
Leptomeningitis,  cerebral,  655 
acute,  655 
chronic,  657 

in  paretic  dementia,  657 
fibrinopurulent,  656 
serous,  656 
spinal,  64s 

gummatous,  644 
syphilitic,  644 
tuberculous,  643 
Lesions,  definition,  18 

traumatic,  23 
Leukemia,  387 
acute,  kidney  in,  385 
blood  changes  in,  389 
plaques  in,  390 
bone-marrow  in,  605 
changes  in,  388 
lymphoid,  388 
pyoid,  38B,  60s 
erythrocytes  in,  390 
glands  in,  388 
kidneys  in,  388 
leukocytes  in,  increase  in,  388 
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Leukemia,  leukocytosis  in,  378 

liver  in,  386,  388 

lymphatic,  386,  387,  390,  603 

lymphocytes  in,  388 

lymphoid  bone-marrow  in,  388 

morbid  anatomy,  387 

myelocytes  in,  388,  389 

myelogenic,  387,  389 

pyoid  bone-marrow  in,  388 

specific  gravity  of  blood  in,  390 

splenic,  387,  598 

splenomyelogenic,  390 

tumors  in,  388 
Leukemic  infiltration  of  liver,  491 

tumors,  388 
Leukocytes,  basophilic,  375 

changes  in,  374 

decrease  in  number,  376,  379 

effect  of  bacterial  poisons  on,  378 

eosinophilic,  375 

in  chlorosis,  386 

in  inflammation,  322 

in  leukemia,  increase,  in,  3S8 

in  leukocytosis,  origin  of,  378 

in  pernicious  anemia,  3S4 

in  secondary  anemias,  392 

number  of,  374 
decrease  in,  376,  379 
increase  in,  376.     See  also  Leukocytosis. 

origin  of,  374 

overripe,  375 

polymorphonuclear,  in  inflammation,  322 
neutrophile,  374 

polynuclear,  374 

transitional,  375 

transmigration   of,   in  acute   inflammation, 

313 

varieties,  374 

with  incorporated  bacilli,  300 
Leukocytosis,  376 

after  hemorrhage,  377 

agonal,  377 

experimental,  378 

from  exercise,  massage,  and  baths,  377 

in  appendicitis,  suppurative,  377 

in  croupous  pneumonia,  377 

in  leukemia,  378 

in  sarcoma,  378 

in  small-pox,  377 

inflammatory,  377 

leukocytes  in,  origin  of,  378 

of  digestion,  376 

of  infection,  377 

of  intoxication,  378 

of  malignant  disease,  378 

of  marasmus,  378 

of  new-born,  376 

of  postpartum  state,  377 

of  pregnancy,  377 

pathologic,  377 

physiologic,  376 

posthemorrhagic,  377 

therapeutic,  378 
Leukoderma,  140,  572 
Leukolysis,  379 
Leukomains,  28 

kreatinic,  28 

nucleinic,  28 
Leukomyelitis,  definition,  641 
Leukopathia,  acquired,  572 

congenital,  572 

unguium,  594 
Leukopenia,  376,  379 


Leukoplakia  buccalis,  233 

of  tongue,  233,  437 

syphilitic,  436 
Lichen  planus,  580 
Light  in  etiology  of  disease,  26 

relation  of  bacteria  to,  263 
Limnaeus  minutus,  295 
Line  of  demarcation  in  gangrene,  160 

of  ulceration  in  gangrene,  161 
Linin,  117 
Lipemia,  381 
Lipoma,  194 

arborescens,  195,  629,  632 

diffuse,  196 

intermuscular,  195 

intramuscular,  196 

meningeal,  196 

molle,  196 

morbid  anatomy,  196 

of  bones,  624 

of  brain,  673 

of  breast,  722 

of  bronchi,  531 

of  Fallopian  tube,  695 

of  intestine,  483 

of  kidney,  748 

of  larynx,  523 

of  liver,  499 

of  mamma,  722 

of  neck,  diffuse,  196 

of  penis,  678 

of  peritoneum,  513 

of  pituitary  body,  609 

of  spinal  cord,  644 

of  testicle,  685 

of  uterus,  705 

of  vulva,  .719 

parosteal,  196 

pathologic  histology,  ig6 

seat  of  occurrence,  195 

subcutaneous,  195 

submucous,  195 

subserous,  195 

subsynovial,  195 
Lipomatosis  muscularis,  634 

of  pancreas,  508 
Lips,  angioma  of,  209 

chapped,  432 

inflammation  of,  432 

lesions  of,  432 

rhagades  of,  432 
Liquor  sanguinis,  114,  366 
Lithemia,  85 
Lithopedion,  36,  134 
Littre's  hernia,  462 
Liver,  abscess  of,  492 
in  dysentery,  474 
metastatic,  319 

acquired  malformations  of,  485 

actinomycosis  of,  499 

acute  parenchymatous  inflammation  of,  491 

adenocystoma  of,  500 

adenoma  of,  500 

adrenal  growths  in,  502 

amoeba  coli  in,  502 

amyloid  degeneration  of,  14S 
disease  of,  490 

anemia  of,  485 

angioma  of,  499 
cavernous,  211 
racemose,  210 

atrophic  cirrhosis  of,  494 

atrophy  of,  491 
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Liver,  atrophy  of,  acute  yellow,  488 
of  newborn,  498 

red,  486,  489 
biliary  cirrhosis  of,  497 
carcinoma  of,  500 

primary,  500 

secondary,  500 
circulation  of,  obstruction  of,  486 
cirrhosis    of,    493.      See    also   Cirrhosis  of 

liver. 
cloudy  swelling  of,  491 
coccidium  oviforme  in,  502 
congenital  malformations  of,  485 
cyanotic  induration  of,  486 
cysts  of,  502 

echinococcus,  502 
degeneration  of,  487 

amyloid,  145 

fatty,  130 

parenchymatous,  491 
diseases  of,  485 
drunkard's  494 
echinococcus  cysts  of,  502 
entrance  of  bacteria  into,  492 
fatty  degeneration  of,  130 

infiltration  of,  487 

metamorphosis  of,  488 
fibroma  of,  499 
floating,  485 
fluke,  295,  296 

glycogenic  infiltration  of,  131,  491 
hematogenous  cirrhosis  of,  493 
hemorrhage  in,  486 
hepatogenous  cirrhosis  of,  493 
hob-nail,  324,  495 
hyperemia  of,  485 

passive,  485 
hypertrophic  cirrhosis  of,  496 
hypertrophy  of,  491 
in  diabetes,  77,  78 
in  leukemia,  386,  388 
induration  of,  cyanotic,  486 
infiltration  of,  487 

fatty,  487 

glycogenic,  131,  491 

leukemic,  491 
inflammation  of,  492.    See  also  Hepatitis. 
leprosy  of,  499 
leukemic  infiltration  of,  491 
lipoma  of,  499 
malformations  of,  acquired,  485 

congenital,  485 
melanosarcoma  of,  501 
metamorphosis  of,  fatty,  488 
metastatic  abscess  of,  319 
nutmeg,  130,  486,  487 
of  yellow  fever,  490 
parasites  of,  502 

parenchymatous  degeneration  of,  491 
red  atrophy  of,  486,  489 
sarcoma  of  500 

primary,  500 

secondary,  500 
secretion  of,  retention,  487 
syphilis  of,  498 
tissue  of,  pigmentation  of,  487 

regeneration  of,  326 
tuberculosis  of,  499 

primary,  499 
tumors  of,  499 
worms  in,  502 
Liver-cells  in  cirrhosis  of  liver,  496 
pigmentation  of,  496 


Lividity.  576 

cadaveric,  as  sign  of  death,  163 
Livores  mortis,  571 

as  sign  of  death,  163 
Locomotor  ataxia,  647 
Loculated  empyema,  565 

pleurisy,  561 
Lophotricha,  260 

Lower  jaw,  phosphorus-necrosis  of,  619 
Ludwig's  angina,  320,  444 
Lues,  354.     See  also  Syphilis. 
Lumbar  hernia,  461 
Lumpy  jaw,  346 
Lung  fluke,  297,  558 
Lungs,  abscess  of,  embolic,  318 
actinomycosis  of,  347,  556 
anemia  of,  535 
anthracosis  of  539 
aspergillosis  of,  .254 
aspergillus  in,  558 
bony  deposits  in,  558 
brown  induration  of,  535 
carcinoma  of,  primary,  557 
carnification  of,  532 

caseation  of,  from  croupous  pneumonia,  548 
cercomonas  in,  558 
chondroma  of,  200 
coccidia  in,  558 
congestion  of,  chronic,  534 
hypostatic,  534 
simple  acute,  S34 
cysticercus  cellulosae  in,  558 
diseases  of,  531 
echinococcus  of,  558 
edema  of,  535 

morbid  anatomy,  536 
emphysema  of,  532.     See  also  Emphysema 

of  lung's. 
gangrene  of,  159,  537 
circumscribed,  538 
diffuse,  S38 
etiology,  537 
idiopathic,  538 
morbid  anatomy,  538 
glanders  of,  344,  557 
gray  hepatization  of,  546 
hemorrhage  from,  536 
hepatization  of,  546 
gray,  S46 
red,  S46 
hyperemia  of,  passive,  534 
induration  of,  brown,  535 
in  empyema,  changes  in,  565 
leprosy  of,  557 
miliary  tubercle  of,  SSO 
monas  in,  558 
mucor  in,  558 
oi'dium  in,  558 

Paragonimus  Westermanii  in,  558 
parasites  of,  558 
psorosperms  in,  558 
rfed  hepatization  of,  546 
splenization  of,  532 
strongylus  longevaginatus  in,  558 
syphilis  of  555 
acquired,  556 
congenital,  555 
tuberculosis   of,  549.     See  also   Pulmonary 

tuberculosis, 
tumors  of,  557 
secondary,  557 
Lupus  erythematosus,  581,  588 
exulcerans,  582 
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Lupus  of  larynx,  521 

vulgaris,  582 
Luxation,  congenital,  45 

of  joints,  633 
Lymph  scrotum,  104 
Lymphadenitis,  600 
chronic,  601 
proliferans,  601 
syphilitic,  600 
Lymphadenoid  sarcoma,  181 
Lymphadenoma,  213,  600 
general,  214,  390 
multiple,  214 
pathologic  histology,  214 
Lymphangioma,  213 
cavernous,  213 
of  axilla,  2ii 
of  neck  and  axilla,  212 
of  brain,  673 

of  peritoneum,  cystic,  514 
of  skin,  590 
of  tongue,  437 
simplex,  213 
Lymphangitis,  431 

Lymphatic  leukemia,  386,  387,  390,  603 
nodes,  amyloid  disease  of,  600 
anemia  of,  600 
atrophy  of,  600 
calcification  of,  600 
carcinoma  of,  231 
secondary,  604 
chondroma  of,  604 
diseases  of  600 
hyaline  degeneration  of,  600 
hyperemia  of,  600 
hypertrophy  of,  600 
in  chancroid,  603 
inflammation  of,  600 
myxoma  of,  604 
pigmentation  of,  600 
sarcoma  of,  603 

secondary,  604 
tuberculosis  of,  601 
tumors  of,  603 
phenomena  of  acute  inflammation,  314 
vessels,  diseases  of,  431 
tuberculosis  of,  431 
Lymphemia,  390 
Lymphocytes,  375 
in  inflammation,  322 
in  leukemia,  388 
large,  375 

of  frog,  direct  division  of,  123 
small,  37S 
Lymphocytosis,  379 

Lymphogenic  metastasis  in  tuberculosis,  333 
pulmonary  tuberculosis,  553 
tubercles  of  peritoneum,  512 
Lymphoid  bone-marrow  in  leukemia,  388 
deposits,  603 
tubercle,  335 
Lymphoma,  definition,  213 
hard,  603 
malignant,  603 
of  thymus  gland,  605 
Lymphorrhagia,  104,  687 
Lymphosarcoma,  181,  214,  603 
of  larynx,  524 
of  thymus  gland,  60S 
Lysatin,  28 
Lysatinin,  28 
Lysin,  303 
Lysis,  19 


Macrocheilia,  213 
Macrocytase,  122 
Macro-gametooytes,  276 
Macroglossia,  213 
Macrophage,  375 
Macrostomia,  37 
Macule,  576 
Madura  foot,  349 
Malaria,  393 

melanosis  in,  139 
prophylaxis,  277 
quartan,  parasite  of,  274 
tertian,  parasite  of  274 
Malarial  parasite  in  mosquito,  developmental 

cycle  of  276 
Malformations,  35 
acquired,  of  bones,  611 

of  liver,  485 
congenital,  of  adrenal  btidies,  610 
of  bladder,  754 
of  bones,  611 
of  brain,  660 
of  breast,  719 
of  Fallopian  tubes,  693 
of  heart,  394 
of  kidney,  729 
of  liver,  485 
of  mamma,  719 
of  ovary,  688 
of  pancreas,  506 
of  penis,  677 
of  peritoneum,  509 
of  spinal  cord,  638 
of  spleen,  595 
of  thymus  gland,  604 
of  thyroid  gland,  606 
of  uterus,  695 
double,  49 

characterized   by   unequal    development 
of  both  twins,  51 
by  imiform  development  of  both  twins, 

S° 
with  complete  duplication  of  axial  struct- 
ures, 50 
with    incomplete    duplication    of    axial 
structures,  54 
of  cranium,  deformities  of  brain  depending 

upon, 660 
of  esophagus,  44S 
of  Gartner's  ducts,  47 
of  Miiller's  ducts,  47 
of  pericardium,  395 
of  thyrolingual  duct,  47 
of  urachus,  47 
single,  3S 

depending  upon  intrinsic  causes,  35 
Malignant  adenoma,'  239 
of  uterus,  712 
disease,  leukocytosis  of,  378 
endocarditis,  402,  404 
lymphoma,  603 
neuroma,  208,  676 
periostitis,  617 
pustule,  580 
strumse,  607 

tumors,  tendencies,  172,  174 
Malnutrition,  128 
Maltodextrin,  62 
Maltose,  62 

Malum  perforans  pedis,  573 
Mamma,  accessory,  720 
adenocystoma  of,  724 
papilliferum,  237,  724 
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Mamma,  adenoma  of,  723 
alveolar,  239 
cystic,  724 
intracanalicular,  723 
pericanalicular,  723 
adherent  capsule  of,  724 
carcinoma  of,  726 
colloid,  727 
scirrhus,  228 
congenital  malformations  of,  719 
cystosarcoma  of,  622 
diseases  of,  719 
elephantiasis,  722 
enlargement  of,  722 
fibro-adenoma  of,  238 
fibroma  of,  722 
fibrosarcoma  of,  722 
fibrosis  of,  diffuse,  721 
hemorrhage  of,  720 
hyperplasia  of,  721 
hypertrophy  of,  721 

inflammation  of,  720.     See  also  Mastitis. 
lipoma  of,  722 

malformations  of.  congenital,  719 
myxofibroma  of,  723 
myxoma  of,  722 
parasites  of,  728 
pigeon-,  612 
sarcoma  of,  722 
alveolar,  239,  722 
diffuse,  722 
giant-cell,  722 
intracanalicular,  722 
phylloides,  722 
pigmented,  722 
spindle-cell,  182 
supernumerary,  44 
syphilis  of,  721 

tissue  of,  degeneration  of,  326 
tuberculosis  of,  721 
tumors  of,  722 
Mammary  gland,  diseases  of,  719.     See  also 

Mawma. 
Marasmatic  atelectasis,  532 
Marasmus,  65 

leukocytosis  of,  378 
Marbled  spleen,  599 
Marrow,  bone-,    diseases   of,  603.     See    also 

Bo7ie-7narrow. 
Massage,  leukocytosis  from,  377 
Mast-cells,  375 

in  inflammation,  322 
Mastitis,  720 

circumscribed,  720 
diffuse,  720 
Measles,  black,  585 

skin  in,  585 
Meat-poisoning,  482 
Meckel's  cartilages,  202 

diverticulum,  460 
Mediastinitis,  570 
tuberculous,  570 
Mediastinum,  carcinoma  of,  570 
diseases  of,  570 
echinococcus  of,  570 
emphysema  of,  interstitial,  37° 
parasites  of,  570 
sarcoma  of,  570 
tuberculosis  of,  570 
tumors  of,  570 
dermoid,  570 
Medium,  Pasteur's,  262 
Proskauer  and  Beck's,  262 


Medium,  Uschnisky's,  260 
Medullary  carcinoma  of  stomach,  457 

glioma,  671 
Megaloblasts,  372 
Megalosporon,  586 
Megastoma  entericum,  273 
Melsena  neonatorum,  450 
Melanemia,  381 
Melanin,  136,  138 

in  sarcoma,  180 

in  tumors,  172 
Melanism,  140 
Melanocarcinoma,  230 
Melanoderma,  372 
Melanoma,  138,  187 
Melanosarcoma,  187 

of  liver,  501 
Melanosis,  138,  572 

in  Addison's  disease,  139 

in  malaria,  139 

in  muscular  degenerations,  139 

in  skin  affections,  139 
Melanotic  sarcoma,  138,  187 
of  skin,  S90 

tumors,  138 
Melasma,  572 

suprarenale,  572  ; 

Membranes,  nuclear,  disappearance  of,  divi- 
sion of  chromosomes  and,  125 

of  brain,  cylindroma  from,  188 
diseases  of,  651 
Meningeal  hydrops,  661 

lipoma,  196 
Meninges,  spinal,  syphilis  of,  643 

tumors  of,  644 
Meningitis,  basilar,  656 

cerebrospinal,  epidemic,  645,  657 

cortical,  656 

spinal,  645 
definition,  641 
tuberculous,  643 
Meningocele,  41,  42,  638,  660 

anterior,  42 

posterior,  42 
Meningo-encephalitis,  657 

tuberculous,  658 
Meningomyelitis,  646 

definition,  641 

syphilitic,  644 

tuberculous,  643 
Meningomyelocele,  41 
Menorrhagia,  700 
Meres,  277 
Merismopedia,  259 
Merorachischisis,  38 
Mesenteric  hernia,  461 
Mesobronchitis,  531 
Metabolic  pigmentation,  138 
Metabolism,  68 

in  fever,  72 
Metamorphosis,  128 

colloid,  150.    See  also  Colloid  metamorphosis. 

fatty,  141.     See  also  Fatty  metamorphosis. 

hyaline,    147.     See    also    Hyaline  metamor- 
phosis. 
Metaplasia,  168 
Metastasis,  173 

in  tuberculosis,  aerogenic,  333 
hematogenic,  333 
lymphogenic,  333 

in  typhoid  fever,  481 

mucoid,    149.     See  also  Mucoid  metamor- 
phosis. 


INDEX. 


797 


Metastasis  of  carcinoma,  231,  232 
Metastatic  abscess  of  liver,  319 
Metazoa,  114 
Methemoglobin,  29,  372 
Metritis,  701 

acute,  701 

clironic,  701 
Metrorrliagia,  700 
Mice,  joint,  632 
Microblasts,  372 
Microcephalia,  611 
Microcephalus,  39 
Micrococcus,  258,  259 

of  sputum  septicemia,  543:     See  also  Pneu- 
mococcus. 

Pasteuri,  543.     See  also  Pneumococcus. 

pneumoniae  crouposae,  542.    See  also  Pneu- 
mococcus, 
Microcytase,  122 
Micro-gametocytes,  276 
Microgyria,  660 
Micromelus,  36,  611 
Microinyelia,  638 
Microrchia,  681 
Microsomes,  115 
Microsomia,  611 
Microspira,  258 
Microsporon,  586 

audouini,  587 

furfur,  253,  587 

minutissimum,  253,  587 
Microstoma,  46 

Middle  ear,  cholesteatoma  of,  243 
Miliaria,  591 

in  typhoid  fever,  585 
Miliary  aneurysms,  multiple,  428 

metastatic  abscesses  of  kidney,  734 

tubercle,  333.     See  also  Tubercle. 

tuberculosis,  333 
general,  333,  $53 
of  adrenal  bodies,  610 
of  kidney,  746 
of  lung,  SS3 
Milium,  S92 
Milk  fistula,  721 

spot,  398 

upon  peritoneal  surfaces,  510 
Milk-leg,  105,  429 
Mineralization,  extraneous,  136 

of  cartilages  of  joints,  626 
Mitral  insufficiency,  410 

stenosis,  411 
Moist  gangrene,  symmetric,  of  hands,  158 
Moisture,  relation  of  bacteria  to,  264 
Molecular  death,  162 
Moles,  35,  572.    See  also  Ncevus. 
MoUuscum  contagiosum,  587 

flbrosum,  193 
Monarticular  arthritis,  628 
Monas  in  lung,  558 
Monilothrix,  593 
Monkeys,  parasite  of,  274 
Monorchia,  681 
Monotricha,  260 
Monsters,  35 

craniopagous,  51 

double,  49 

ischiopagous,  51 

multiple,  58 

omphalopagous,  50 

triple,  35,  58 
Morbus  maculosus  Werlhofii,  393 
Morgagni,  hydatids  of,  47,  695 


Morphea,  575 
Morve,  343 

Mosquito,  extermination  of,  277 
malarial  parasite  in,   developmental   cycle 
of,  276 
Mother  star,  125 
Mother's  marks,  209,  590 
Motor  apparatus,  diseases  of,  611 
Mountain  sickness,  26 
Mouth,  adenoma  of,  437 
carcinoma  of,  437 
cysts  of,  437 
diseases  of,  432 
gumma  of,  436 

inflammation  of,  432.     See  also  Stomatitis. 
sarcoma  of,  437 
tuberculosis  of,  436 
Movable  periosteal  osteoma,  199 
Movement,  effect  on  bacteria,  263 
Mucin,  149 

Mucoceles  of  nose.  517 
Mucoid  metamorphosis,  149 
of  bone-marrow,  606 
of  cells,  149 

of  intercellular  substance,  149 
of  testicle,  682 
Mucopus,  317 
Mucor,  254 

corymbifer,  255 
in  lung,  558 
rhizopodiformis,  255 
Mucous  metamorphosis  of  testicle,  682 

patch,  216 
Miiller,  ducts  of,  malformations  of,  47 
MuUilocular  cyst,  238 
Multiplicitas  membrorum,  44 
Mummification,  157 
Mumps,  444 

Mural  endocarditis,  402,  406 
Murmurs,  heart,  formation  of,  413 
table  of,  413 
in  aortic  insufficiency,  412 

stenosis,  411 
in  mitral  insufficiency,  411 

stenosis,  411 
in  pulmonary  insufficiency,  412 

stenosis,  412 
in  tricuspid  insufficiency,  412 
stenosis,  412 
Muscles,  actinomycosis' of,  636 
amyloid  disease  of,  634 
atrophy  of,  634 
brown,  634 
progressive,  650 
simple,  634 
calcification  of,  634 
carcinoma  of,  637 
cleavage  of,  elementary,  635 
cloudy  swelling  of,  634 
degenerations  of,  634 
hyaline,  634 
hydropic,  634 
melanosis  in,  139 
vacuolar,  634 
waxy,  634 
discoidal  destruction  of,  635 
dystrophy  of,  634 
fatty  infiltration  of,  634 

metamorphosis  of,  634 
glanders  of,  636 
heart-,  diseases  of,  399.     See  also  Myocar- 


hypertrophy  of,  634, 
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Muscles,  inflammation  of,  635.     See  also  Myo- 
sitis. 

necrosis  of,  634 

sarcoma  of,  636 

sphincter,   relaxation  of,  as  sign  of  death, 
163 

syphilis  of,  636 

tuberculosis  of,  636 

tumors  of,  636 
secondary,  637 

voluntary,  diseases  of,  634 
Muscular  tissue,  cells  in,  327 

regeneration  of,  326 
Mustard,  effect  on  skin,  583 
Musting  cells,  375 

in  inflammation,  322 
Mycetoma,  349 

bacteriology,  350 

etiology,  349 

melanoid,  349,  350 

morbid  anatomy,  350 

pale,  349 

symptoms,  349 
Mycobacteriacese,  family,  258 
Mycobacterium,  258 
Mycomycetes,  251 
Mycosis  aspergillina,  353 

fungoides,  352 

versicolor,  253,  587 
Mycotic  colpitis,  717 

esophagitis,  449 

gastritis,  453 

stomatitis,  433 
Myelitis,  638 

acute,  641 

chronic,  641 

etiology,  641 

hematogenous,  641 

infectious,  641 

multiple,  647 

nutritional,  641 

termination,  641 

toxic,  641 

transverse,  641 

traumatic,  641 

varieties,  641 
Myelocele,  41,  42 
Myelocystocele,  41,  42 
Myelocystomeningocele,  41 
Myelocytes,  376 

in  leukemia,  388,  389 

in  pernicious  anemia,  384 
Myelocytosis,  380 
Myelogenic  callus,  625 

leukemia,  387,  389 

tumors  of  bones,  623 
Myeloid  sarcoma,  183 

of  thigh,  184 
Myeloma,  multiple,  184 

pathologic  anatomy,  185 
histology,  185 

of  bones,  624 
Myelomeningocele,  41,  42,  638 
Myeloplaxes,  611 
Myelosarcoma  of  bones,  624 
Myiasis  of  nose,  517 
Myocarditis,  fibrous,  401 
Myocardium,  amyloid  disease  of,  400 

atrophy  of,  brown,  401 

cloudy  swelling  of,  399 

diseases  of,  399 

fatty  infiltration  of,  400 
metamorphosis  of,  399 


Myocardium,  fragmentation  of,  401 

necrosis  of,  400 

regeneration  of,  326 

segmentation  of,  401 
Myofibroma  of  Fallopian  tube,  695 

of  vulva,  719 
Myoma,  203 

IsBvicellulare,  203 

of  bladder,  759 

of  intestine,  483 

of  skin,  589 

of  spinal  cord,  644 

striocellulare,  203 
Myomalacia  cordis,  400 
Myometrium,  sarcoma  of,  705 
Myosarcoma,  205 
Myositis,  635 

chronic,  636 

fibrosa,  636 

ossificans,  13s,  198,  636 
progressiva,  636 

purulent,  635 
Mytilotoxin,  30 
Myxangiosarcoma  tubulare,  189 

of  ovary,  188 
Myxedema,  73,  150 
Myxofibroma  of  mamma,  722 

of  vulva,  719 
Myxoma,  197 

gelatinosum,  198 

medullare,  198 

morbid  anatomy,  197 

of  bladder,  759 

of  bones,  624 

of  breast,  722 

of  kidney,  748 

of  larynx,  523 

of  lymphatic  nodes,  604 

of  mamma.  722 

of  nose,  517 

of  omentum,  197 

of  spinal  cord,  644 

of  testicle,  685 

of  urethra,  763 

of  vagina,  717 

of  vulva,  719 

pathologic  histology,  198 
Myxomatous  degeneration  of  sarcoma,  180 

goiter,  607 
Myxosarcoma,  180,  187 

Naboth,  follicle  of,  248 
Nasvus  flammeus,  209 

hydatiform,  36,  197 

lymphaticus,  213 

papillomatosus,  590 

pigmentosus,  209,  572 
prominens,  590 

pilosus,  572 

prominens,  212 

simple,  209 

spilus,  572 
tuberosus,  590 

vasculosus,  209,  590 

verrucosus,  572,  590 

vinosus,  209 
Nagana,  34 
Nails,  atrophy  of,  594 

diseases  of,  593 

favus  of,  251 

horns  of,  219 

hypertrophy  of,  593 

loss  of,  594 
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Nasal  polypus,  197 
Nearthrosis,  626 

Neck  and  axilla,  cavernous  lymphangioma  of, 
212 

diffuse  lipoma  of,  196 

fatty,  196 

keloids  of,  193 
Necrobiosis,  128 
Necrosis,  155 

absorption  in,  161 

after  osteomyelitis  and  periostitis,  619 

calcification  in,  161 

cheesy,  157 

cicatrization  in,  161 

coagulation,  157 

coUiquation,  157 

encapsulation  in,  161 

etiology,  155 

fat,  63 

in  tumors,  172 

in  typhoid  fever,  478 

morbid  anatomy,  159 

of  arteries,  416 

of  bones,  617 

phosphorus-,  620 

of  cartilages  of  larynx,  525 

of  lower  jaw,  phosphorus-,  619 

of  muscles,  634 

of  myocardium ,  400 

of  pancreas,  fat,  508 

of  skin,  573 

pathologic  histology,  159 

sequestration  in,  161 

terminations,  i5o 

varieties,  157 
Neisser,  gonococcus  of,  310.     See  also  Gono- 

coccus  of  Neisser. 
Nematodes,  287 

Neoplasms,  168.     See  also  Tumors. 
Nephritis,  734 

acute,  735 

catarrhal,  737,  738 

cell  changes  in,  738 

compound  granule  cells  in,  738 

edema  in,  inflammatory,  739 

effect  upon  heart,  415 

epithelial  casts  in,  738 

etiology,  735 

glomerules  in,  736 

granular  casts  in,  738 

hematogenous,  735 

hyaline  casts  in,  738 

interstitial,  acute,  741 
chronic,  742 
destruction  of  glomerules  in,  744 
tubules  in,  744 

parenchymatous,  acute,  73s 
chronic,  740 
connective-tissue  changes  in,  741 
fatty  metamorphosis  in,  740 
glomerules  in,  740 
tubular  changes  in,  741 

subacute,  739 

tube-casts  in,  738 

tubular,  acute,  735 

waxy  casts  in,  739 
Nephrolithiasis,  760 

Nerve  exhaustion  in  etiology  of  disease,  32 
Nerve-cell,  669 

changes  in  chromatophiUc  bodies  of,  669 
in  configuration  of,  669 
in  protoplasm  of,  669 

cytoplasm  of,  pigmentation  of,  669 


Nerve-cell,  degeneration  of,  nuclear,  669 

dendrons  of,  669 

gemmules  of,  669 

pyknomorphous  condition  of,  669 

vacuolation  of,  66g 
Nerves,  peripheral,  diseases  of,  674.     See  also 

Peripheral  nerves. 
Nervous  system,  cholesteatoma  of,  243 
diseases  of,  638 

theory  of  tumors,  176 

tissue,  regeneration  of,  328 
Neuraxon,  669 

collaterals  of,  669 
Neuritis,  675 

chronic,  675 

hypertrophic,  675 

interstitial,  674 

parenchymatous,  674 

proliferative,  675 

suppurative,  675 
Neurofibroma,  207,  676 

molluscum,  207,  589 
Neuroglioma,  ganglionar,  207,  671 
Neuroma,  207,  616 

amputation,  193,  208,  328,  676 

cirsoid,  208 

false,  193,  207,  676 

fibrillar,  207 

ganglionar,  207 

in  stump  after  amputation,  208 

malignant,  208,  276 

of  adrenal  bodies,  610 

of  skin,  589 

plexiform,  208,  676 

traumatic,  208 
Neuromolluscum  fibrosum,  i6g,  193 
Neuropathic  arthritis,  630 

atrophy  of  bones,  616 
Neurosarcoma,  676 
Neurotic  inilammatio'ns  of  skin,  577 
Neurotrophic  lesions  of  skin,  573 
Neutrophile  leukocytes,  polymorphonuclear, 

374 
Nevoid  hemorrhoids,  485 
Nevolipoma,  196 
Nevus,  572.     See  also  Nesvus. 
Nina,  297 

Nipple,  Paget's  disease  of,  72S 
Nitrogen  combinations  of  bacteria,  267 
Nodes,  168,  169,576 

lymphatic,  diseases  of,  600.  See  also  Lymph- 
atic nodes. 
Nodular  leprosy,  340,  341 
Noli  me  tangere,  224 
Noma,  156,  IS7,  158,  435 

in  typhoid  fever,  481 
Normoblasts,  372 
Nose,  adenoma  of,  517 

angioma  of,  517 

calculi  in,  517 

carcinoma  of,  517 

chondroma  of,  517 

diseases  of,  515 

epithelioma  of,  squamous,  517 

fibroma  of,  517 

foreign  bodies  in,  517 

glanders  of,  517 

mucoceles  of,  517 

myiasis  of,  517 

myxoma  of,  517 

osteofibroma  of,  517 

osteoma  of,  5^7 

papilloma  of,  517 
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Nose,  polypi  of,  517 

saddle,  516 

sarcoma  of,  517 

tumors  of,  517 
Nosogeny,  18 
Nosology,  17 
Nuclear  changes  in  karyokinesis,  124 

degeneration  of  nerve-cell,  669 

membrane,   disappearance    of,   division   of 
chromosomes  and,  125 
Nuclein,  116 
Nucleinic  leukomains,  28 
Nucleo-albumin,  90 
Nucleolus,  117 
Nucleus   of    cell,    preparation    for    division, 

124 
Nutmeg  liver,  130,  486,  487 
Nutrition,  disorders  of,  127 

influence  of  thyroid  gland  on,  608 

of  cells,  120 

pathology,  58 
Nutritional  myelitis,  641 

Obesitas  cordis,  400 
Obesity,  60,  67 
Obstipation,  94 
Obstruction  atelectasis,  531 

congenital,  46 

intestinal,  462.     See  also  Intestinal  obstruc- 
tion. 

of  hepatic  circulation,  486 

of  Wirsung's  duct,  509 
Obturator  hernia,  461 
Occupation  in  etiology  of  disease,  31 
Ochronosxis,  626 
Odontoma,  199,  241 

composite,  242 

epithelial,  241 

fibrous,  241 

follicular,  241 
compound,  241 

radicular,  242 
Odor  of  bacteria,  266 

of  blood,  365 
Oi'dium  albicans,  251,  435 

in  lung,  558 

lactis,  252 

stomatitis,  434 
Oil,  croton,  effect  on  skin,  583 
Oligemia,  368 
Oligochromemia,  372 
Oligocythemia,  368,  373 
Oliguria,  82 
Omentum,  hernia  of,  461 

hydrops  of,  510 

myxoma  of,  197 
Omphalocele,  38 
Omphalomesenteric  duct,  460 
Omphalopagous  monsters,  50 
Onychauxis,  S93 
Onychitis,  594 
Onychogryphosis,  594 
Onychomycosis,  251,  594 

trichophytina,  253 
Oophoritis,  acute,  688,  689 

chronic,  689 

peri-,  689 
Opaline  plaques,  436,  443 
Ophidiomonas,  261 
Orchitis,  682 

chronic,  683 

etiology,  682 

purulent,  682 


Organization,  320 
Organoid  tumors,  173,  215 

structure  of,  170 
Os  uteri,  infarction  of,  702 
Osmidrosis,  88 
Ossification,  135 

definition,  132 

in  neoplasms,  135 

in  senile  arteritis,  135 

in  tumors,  171 

of  tendons  at  attachments,  199 
Ossifying  periostitis,  618,  621 

sarcomata,  182 
Osteoarthropathy,  hypertrophic,  618 
Osteoblasts,  6ii 
Osteochondritis,  syphilitic,  622 
Osteochondroma,  203 
Osteoclasts,  611 
Osteofibroma  of  nose,  517 
Osteoid  sarcoma,  191,  624 
Osteoma,  198,  624 

cancellous,  199 

compact,  199 

dental,  199 

durum,  199 

eburneum,  199 

heterologous,  198 

homologous,  198 

meduUare,  199 

morbid  anatomy,  200 

of  arachnoid,  644 

of  brain,  673 

of  nose,  517 

of  testicle,  685 

of  trachea,  526 

parosteal,  199 

pathologic  histology,  200 

periosteal,  movable,  199 

seat  of  occurrence,  198 

spongiosum,  199 

varieties,  198 
Osteomalacia,  613 
Osteomyelitis,  606,  618 

chronic,  619 

necrosis  after,  619 

secondary,  617 

syphilitic,  623 
Osteophytes,  136,  198 

of  dura  of  brain,  653 
Osteoporosis,  616,  619,  620 
Osteopsathyrosis,  616 
Osteosarcoma,  200,  624 
Osteosclerosis,  620 
Ostitis,  618 

deformans,  620 

hypertrophicans,  620 

rarefying,  620 

sclerotic,  620 
Ovary,  adenofibroma  of,  692 

adenosarcoma  of,  692 

angioma  of,  cavernous,  693 
•    angiosarcoma  of,  692 

artery  of,  hyaline  degeneration  of,  148 

carcinoma  of,  692 
secondary,  692 

chondroma  of,  692 

congenital  malformation  of,  688 

cystoma  of,  151 
papuliferous,  690 
papilliferum  carcinomatosum,  6gi 
simple,  691 

cysts  of,  247 
follicular,  689 
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Ovary,  dermoids  of,  244 

diseases  of,  688 

endothelioma  of,  693 

epithelioma  of,  squamous,  692 

fibroma  of,  692 

fibromyoma  of,  692 

fibrosarcoinata  of,  692 

hemorrhage  of,  688 

hernia  qf,  588 

hyperemia  of,  688 
passive,  688 

inflammation  of,  688.     See  also  Oophoritis. 

malformations  of,  congenital,  688 

myxanglosarcoma  tubulare  of,  188 

parasites  of,  693 
rudimentary,  246 

sarcoma  of,  692 
Overripe  leukocytes,  375 
Ovula,  248 

Oxalate  calculi  of  bladder,  762 
Oxalic  acid,  86 
Oxaluria,  86 

Oxygen,  relation  of  bacteria  to,  261 
Oxyuris  vermicularis,  287,  288 

eggs  of,  288 
Ozena  simplex,  516 

syphilitic,  516 

tuberculosis,  516 

Pacchionian  bodies  of  arachnoid,  659 

of  pia  of  brain,  659 
Pachydermatocele,  193 
Pachydermia  diffusa  laryngis,  519 

verrucosa  of  larynx,  519 
Pachymeningitis,  cerebral,  acute,  652 
chronic  external,  653 

internal,  652 
fibrous,  653 
hemorrhagic,  653 
spinal,  643 
adhesive,  645 

cervical,  chronic  hypertrophic,  645 
external,  645 
hemorrhagic,  645 
hypertrophic,  645 
internal,  645 
syphilitic,  643 
tuberculous,  643 
Paget's  disease,  591 

of  nipple,  728 
Pain  in  inflammation,  313 
Palatoschisis,  37 
Pale  granular  casts  in  nephritis,  739 

kidney,  740 
Palsy,  bulbar,  650 

progressive  glossolabiolaryngeal,  650 
Panarthritis,  627 
Pancreas,  accessory,  507 
adenoma  of,  508 
amyloid  disease  of,  508 
anemia  of,  507 
angiosarcoma  of,  508 
apoplexy  of,  507 
atrophy  of,  507 

in  diabetes,  507 
calculi  in,  509 

congenital  malformations  of,  506 
degenerations  of,  508 
diseases  of,  506 
fat  necrosis  of,  508 
fatty  infiltration  of,  508 

metamorphosis  of,  508 
hemorrhage  of,  507 

51 


Pancreas,  hyperemia  of,  307 

in  diabetes,  77,  78 

infiltration  of,  508 

inflammation   of,   507.     See   also   Pancrea- 
titis. 

lipomatosis  of,  508 

malformations  of,  congenital,  506 

minus,  506 

pigmentation  of,  508 

ranula  of,  509 

removal  of,  causing  glycosuria,  76 

sarcoma  of,  508 
secondary,  508 

tumors  of,  508 
Pancreatic  calculi,  509 

ranula,  509 

secretion,  75 
Pancreatitis,  507 

chronic,  507 

hemorrhagic,  acute,  507 

purulent,  acute,  507 

syphilitic,  508 

tuberculous,  508 
Papillae,  215 
Papillary  carcinoma  of  larynx,  524 

epithelioma,  222 
Papuliferous  cystoma  of  ovary,  6go 
Papilloma,  215 

hard,  216 

morbid  anatomy,  216 

of  bladder,  villous,  217 

of  cervix  uteri,  707 
destructive,  709 

of  Fallopian  tube,  695 

of  intestine,  soft,  217 

of  kidney,  villous,  217 

of  nose,  517 

of  penis,  hard,  678 

of  rectum,  218 

of  uterus,  707 

of  vagina,  717 

pathologic  histology,  218 

seat  of  occurrence,  215 

soft,  2l5 

villous,  216 

columnar-cell,  217 
intracystic,  218 
squamous-cell,  216 
Papules,  S76 
Paracolon  bacillus,  477 
Paracystitis  phlegmonosa,  757 
Paragonimus  Westermanii,  297 

in  lungs,  558 
Parainguinal  hernia,  461 
Parakeratosis,  577 
Paralinin,  117 
Paramastitis,  721 
Parametritis,  702 
Paramoecium  coli,  272 
Paramucin,  150 
Paranephritic  abscess,  7S3 
Paranuclein,  117 
Paranucleus,  117 
Paraphimosis,  677 
Parasites,  animal,  268 

malarial,  in  mosquito,  developmental  cycle 
of,  276 

obligatory,  250 

of  arachnoid,  660 

of  bladder,  758 

of  bones,  625 

of  brain,  673 

of  breast,  728 
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Parasites  of  dura  of  brain,  654 

of  estivo-autumnal  fever,  275 

of  intestine,  484 

of  liver,  502 

of  lung,  558 

of  mamma,  728 

of  mediastinum,  570 

of  monlceys,  274 

of  ovary,  693 

rudimentary,  246 

of  pericardium,  399 

of  pia  of  brain,  660 

of  pleura,  570 

of  prostate,  680 

of  quartan  malarial  fever,  274 

of  salivary  glands,  445 

of  spinal  cord,  645 

of  spleen,  599 

of  tertian  malarial  fever,  274 

of  thyroid  gland,  608 

of  tunica  vaginalis  testis,  688 

of  urethra,  763 

optional,  250 

protozoan,  270 

quotidian,  27s 

vegetable,  251 
Parasitic  colpitis,  717 

cysts,  249 
of  testicle,  684 
of  uterus,  715 

diseases,  eosinophilia  in,  380 

theory  of  tumors,  176 
Parasitism,  250 
Paratyphlitis,  469 
Paratyphoid  bacillus,  477 

fever,  481 
Paraxanthin,  28 
Parenchymatous  degeneration  in  liver,  491 

goiter,  607 

inflammation,  312 
of  liver,  acute,  491 

nephritis,  acute,  735 
chronic,  740 

connective-tissue  changes  in,  741 
fatty  metamorphosis  in,  740 
glomerules  in,  740 
tubular  changes  in,  741 

neuritis,  674 
Paretic  dementia,  chronic  leptomeningitis  in, 

657 
Parosteal  lipoma,  196 

osteoma,  199 
Parotid  gland,  mixed  tumor  of,  445 
Parotitis,  acute,  444 

epidemic,  444 

simple,  444 
Parovarium,  cysts  of,  690 
Pasteur's  medium,  262 
Pathology,  general,  17 

scope  and  terms,  17 
Pearl  disease,  333,  334,  569 
Pearly  bodies,  219,  223 
Peliosis,  rheumatic,  571 
Pelveoperitonitis,  702 
Pelvis  of  kidney,  calculus  in,  753 
diseases  of,  753 
inflammation  of,  753 

rachitic,  flat,  613 
Pemphigus,  S79 

acute,  579 

chronic, -579 

chronicus  foliaceus,  579 
vegetans,  579 


Pemphigus  chronicus  vulgaris,  S79 

exfoliativa,  579 

hasmorrhagicus,  580 

leprosus,  343 

pruriginosus,  579 

vegetans,  579 

vulgaris,  579 
Penicillium,  254 
Penis,  angioma  of,  678 

calcification  of,'  677 

chancre  of,  677 

congenital  malformations  of,  677 

diseases  of,  677 

duplication  of,  44 

epithelioma  of,  678 

inflammation  of,  677 

injuries  of,  traumatic,  677 

lipoma  of,  678 

papilloma  of  hard,  678 

sarcoma  of,  678 

syphilis  of  677 

tuberculosis  of,  677 

tumors  of,  678 
Pentastomum  denticulatum  in  spleen,  599 
Peptic  digestion,  61 

ulcer  of  duodenum,  453 
of  stomach,  451 
hemorrhage  in,  450 
peritonitis  from,  452 
Perforating  ulcer  of  bladder,  758 

of  foot,  156,  S73 
Perforation,  24 

in  carcinoma  of  stomach,  459 

in  typhoid  fever,  480 

of  esophagus,  448 

of  gall-bladder  and  ducts  from  gall-stones, 
506 
Periadenitis,  600 
Periarteritis,  417 

nodosa,  423 
Peribronchial  pneumonia,  529,  541 
Peribronchitis,  529,  531 

fibrous,  S31 
Pericanalicular  adenoma  of  mamma,  723 
Pericarditis,  396 

etiology,  396 

fibrinous, '397 

idiopathic,  396 

infectious,  396 

morbid  anatomy,  396 

pathologic  histology,  397 
physiology,  398 

primary,  396 

secondary,  396 

traumatic,  396 
Pericardium,  actinomycosis  of,  399 

bread-and-butter,  396 

disease  of,  39s 

hemorrhage  into,  396 

hyperemia  of,  395 

inflammation    of,    396.     See   also   Pericar- 
ditis. 

malformations  of,  395 

parasites  in,  399 

tuberculosis  of,  399 

tumors  of,  399 
Perichondritis  of  larynx,  518 
Perilymphangitis,  431 
Perimetritis,  702 
Perineal  hernia,  461 
Perinephritic  abscess,  753 
Peri-oophoritis,  689 
Periorchitis,  682,  686.     See  also  Vaginalitis. 
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Periosteal  callus,  625 
osteoma,  movable,  199 
sarcoma  (epulis),  184,  193,  194 
tumors  of  bones,  623 
Periostitis,  acute,  617 
albuminous,  617 
chronic,  618 
etiology,  617 
fibrous,  618 
malignant,  617 
necrosis  after,  619 
ossifying,  6i8,  621 
syphilitic,  622 
Peripheral  nerves,  anemia  of,  674 
atrophy  of,  674 
degeneration  of,  674 
etiology,  674 
morbid  anatomy,  675 
diseases  of,  674 
edema  of,  674 
gumma  of,  676 
hemorrhage  into,  674 
hyperemia  of,  674 
leprosy  of,  676 
sarcoma  of,  676 
syphilis  of,  676 
tuberculosis  of,  673 
tumors  of,  676 
Periphlebitis,  429,  430 
Perispermatitis,  purulent,  687 
Perisplenitis,  597 
Perithecium,  253 
Perithelioma,  189 
of  bones,  625 
of  kidney,  749 
of  retina,  189 
of  testicle,  685 
Perithelium,  190 
Peritoneal  cavity,  hemorrhage  into,  509 

surfeces,  milk  spots  upon,  51° 
Peritoneum,  angioma  of,  multiple,  513 
plexiform,  514 
carcinoma  of,  513 
carcinomatosis  of,  514 
congenital  malformations  of,  509 
congestion  of,  hypostatic,  509 
cylindroma  of,  514 
cysts  of,  514 
chylous,  514 
echinococcus,  514 
diseases  of,  509 
endothelioma  of,  513 
hydrops  of,  510 
hyperemia  of,  509 

passive,  509 
lipoma  of,  513 

lymphangiomata  of,  cystic,  514 
sarcoma  of,  secondary,  514 
sarcomatosis  of,  514 
serous  fluid  in,  510 
tubercles  of,  lymphogenic,  512 
tuberculosis  of,  512 
tumors  of,  513 
Peritonitis,  acute,  510 
choleraic,  475 
chronic,  512 

from  peptic  ulcer  of  stomach,  452 
primary,  acute,  510 
purulent,  511 
secondary,  acute,  Jii 
tuberculous,  exudative,  512 
hematogenous,  512 
Peritricha,  260 


Perityphlitis,  469 
Pernicious  anemia,  381 
blood  changes  in,  383 

crises  in,  383 
eosinophile  cells  in,  384 
erythrocytes  in,  383 
hemoglobin  in,  384 
leukocytes  in,  384 
morbid  anatomy,  381 
myelocytes  in,  3S4 
specific  gravity  of  blood  in,  384 
Pernio,  572 
Perochirus,  43 
Peropus,  43 
Perspiration,  87 
diminished,  88 
increased,  88 
quahty  of,  88 

urinary  system   and,   sympathetic  relation- 
ship between,  88 
Petechias,  102,  571 
Petrified  bodies,  131 
Phagedenic  ulcer  of  cervix  uteri,  702 
Phagocytic  cells  with  incorporated  bacilli,  300 
Phagocytosis,  120,  121 

immunity  depending  on,  304 
Pharyngitis,  atrophic,  440 
catarrhal,  acute,  439 
chronic,  440 

productive  forms,  440 
granular  laryngitis  and,  differentiation,  518, 

519 

hyperplastic,  440 

phlegmonous,  443 

pseudomembranous,  440 
diphtheric,  440 
morbid  anatomy,  441 
non-diphtheric,  440 

syphilitic,  443 
Pharynx,  carcinoma  of,  443 

diseases  of,  439 

tuberculosis  of,  443 

tumors  of,  443 
Phimosis,  47,  677 
Phlebectasia,  430 
Phlebectasis  laryngea,  518 
Phlebitis,  429 

obliterans,  429 

purulent,  acute,  429 

syphilitic,  429 

tuberculous,  430 
Phleboliths,  134,  429,  757 

of  spleen,  599 
Phlebosclerosis,  428 
Phlegmasia  alba  dolens,  105 
Phlegmonous  colpitis,  717 

cystitis,  757 

enteritis,  468 

esophagitis,  449 

gastritis,  453 

inflammation,  312 

pharyngitis,  443 
Phocomelus,  36 

Phosphatic  calculi  of  bladder,  762 
Phosphaturia,  86 
Phosphorescent  bacteria,  266 
Phosphoric  acid,  87 

Phosphorus-poisoning,  fatty  liver  of,  490 
Phosphorus-necrosis  of  bones,  620 

of  lower  jaw,  6ig 
Photogenic  bacteria,  266 
Phragmidiothrix,  255,  258 
Phrenic  hernia,  461 
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Phthisis,  329.    See  also  Tuberculosis. 
florida,  554 
pulmonalis,  549.     See  also  Pulmonary  Tu- 

berculosi/. 
ventriculi,  4SS 
Phycomycetes,  254 
Phyma,  576 
Physalides,  229,  230 

Physical  conditions,  relation  of  bacteria  to,  263 
Phy^sometra,  697 
Pia  of  brain,  anemia  of,  654 
cholesteatoma  of,  659 
cysts  of,  660 
diseases  of,  654 
edema  of,  654 
endothelioma  of,  659 
epithelioma  of,  659 
hemorrhage  of,  655 
hyperemia  of,  654 
active,  654 
passive,  654 
pacchionian  bodies  of,  659 
parasites  of,  660 
psammoma  of,  659 
psammosarcoma  of,  659 
sarcoma  of,  659 
syphilis  of,  658 
teratomata  of,  660 
tuberculosis  of,  658 
tumors  of,  659 
secondary,  660 
simple  connective-tissue,  659 
of  spinal  cord,  angioma  of,  644 
tuberculosis  of,  643 
tumors  of,  644 
Pica,  60 

Picquer  of  Claude  Bernard,  76,  79 
Pied  de  madura,  349 
Pigeon-breast,  612 
Pigmentary  infiltration,  136 

of  intestine,  466 
Pigmentation,  hepatogenous,  138 
in  fibroma,  192 
metabolic,  138 
of  adrenal  bodies,  610 
of  bone-marrow,  606 
of  cartilages  of  joints,  626 
of  cytoplasm  of  nerve-cell,  669 
of  hepatic  tissue,  487 
of  liver-cells  in  cirrhosis  of  liver,  496 
of  lymphatic  nodes,  600 
of  pancreas,  508 
of  skin,  572 
of  spleen,  598 
of  stomach,  456 
of  tumors,  171 
Pigmented  cells,  139 
sarcoma,  180 
of  mamma,  722 
Pigments,  bile-,  GmeUn's  test  for,  138 
extraneous,  140    1 
false,  of  bone-marrow,  606 
hematogenous,  137 
of  bacteria,  266 
Pig-skin,  727 
Pin  callus,  625 

Pineal  gland,  diseases  of,  673 
psammoma  of,  674 
sarcoma  of,  674 
Pinguecula,  195 
Pin-worm,  287 
Pipe-stem  arteries,  134,  416 
Pituitary  body,  adenoma  of,  609 


Pituitary  body,  angiosarcoma  of,  609 
cysts  of,  609 
diseases  of  609 
hypertrophy  of,  609 
inflammation  of,  609 
lipoma  of,  609 
sarcoma  of,  609 
secretion  of,  74 
syphilis  of,  609 
tuberculosis  of,  609 
tumors  of,  609 
teratoid,  609 
Pityriasis,  573 
capitis,  577 
rubra,  588 
simplex,  573 
tabescentium,  S73 
versicolor,  253,  587 
Planococcus,  258 
Planosarcina,  258 
Plaques,  blood,  381 
in  leukemia,  390 
jaunes,  667 
opaline,  436,  443 
Plasma  cell  in  inflammation,  322 
of  blood,  366 
composition ,  367 
Plasmodium  malariae,  274 
Plastic  vaginalitis,  687 
Plethora,  367 
Pleura,  carcinoma  of,  569 
changes  in,  in  empyema,  564 
diseases  of,  559 
echinococcus  of,  570 
endothelioma  of,  186 
hemorrhage  into,  559 
hyperemia  of,  active,  559 

passive,  559 
in  empyema,  changes  in,  564 
in  pneumonia,  549 
in  pulmonary  tuberculosis,  554 
inflammation  of,  559.     See  also  Pleurisy. 
parasites  of,  57° 
tuberculosis  of,  569 
tumors  of,  569 
Pleurisy,  SS9 
adhesions  in,  561 
bacteriology,  560 
dry,  560 
etiology,  559 
exudative,  560 
general,  560 
local,  560 
loculated,  561 
morbid  anatomy,  560 
primary,  559 

purulent,  561.    See  also  Empyema. 
sacculated,  561 
secondary,  559 
tuberculous,  S54 
Pleuritic  adhesions  in  pulmonary  tuberculosis, 

SSS 
Pleuritis,  SS9'     See  also  Pleurisy. 
Pleurogenic  pneumonia,  549 
Plexiform  angioma,  212 
of  peritoneum,  514 
neuroma,  208,  676 
Plimmer  bodies,  236 
Pneumococcus,  542 
cultivation,  543 
distribution,  543 
Friedlander's,  544 
immunity,  544 
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Pneumococcus,  morphology,  543 
pathogenesis,  544 
staining,  S43 
Pneumomycosis  aspergillosis,  254 
Pneumonia,  catarrhal,  540 
etiology,  540 
morbid  anatomy,  541 
caseous,  333 

croupous,   S42.     See   also   Fibrinous  pneu- 
monia. 


dissecting,  549 
fibrinous,   542. 


See    also    Fibrinous  pneu- 


in  typhoid  fever,  481 

metastatic,  hematogenic  septic,  542 

peribronchial,  529,  541 

pleura  in,  549 

pleurogenic,  549 

tuberculous,  354 

white,  sss 
Pneumonokoniosis,  136, 538 

etiology,  538 

morbid  anatomy,  539 
Pneumopericardium,  397 
Pneumothorax,  568 

closed,  568 

in  pulmonary  tuberculosis,  555 

open,  568 

ventilated,  568 
Podagra,  85,  630 
Poildlocytes,  371 
Poikilocytosis,  371 

in  chlorosis,  385 
Pointing  of  abscess,  320 
Poisoning,  arsenical,  fatty  liver  of,  490 

ivy-,  583 

meat-,  482 

phosphorus-,  fatty  liver  of,  490 
Poisons,  bacterial,  effect  on  leukocytes,  378 

definition,  27 

food,  30 

of  immediate  and   indiscriminate  action  in 
etiology  of  disease,  28 

of  remote   and  selective  action  in  etiology 
of  disease,  29 
Polar  body,  125 

field,  124 
Poliomyelitis,  anterior,  acute,  649 
chronic,  650 

definition,  641 
Polyarthritis,  acute,  627 

rheumatica  chronica,  630 
Polyarticular  arthritis,  628 
Polycythemia,  368,  373 
Polycythemic  cyanosis,  393 
Polydactylus,  44 
Polydipsia,  60 
Polymastia,  720 

Polymorphonuclear  leukocytes  in  inflamma- 
tion, 322 
neutrophile,  374 
Polymyositis,  63S 
Polyneuritis,  675 
Polynuclear  leukocytes,  374 
Polyorchia,  681 
Polypoid  adenoma  of  intestine,  483 

excrescences  of  urethra,  763 
Polypose  endocarditis,  403 
Polyposis  ventriculi,  454 
Polyps,  169 

adenomatous,  238 

aural,  197 

cardiac,  400 


Polyps  of  bronchi,  531 

of  intestine,  483 

of  larynx,  523 

of  nose,  197,  S17 

of  uterus,  fibrous,  705 
Polysarcia,  60,  67 
Polyuria,  60,  82 
Porencephaly,  65i 
Porous  atrophy  of  bones,  616 
Port-wine  stain,  209 
Posthemorrhagic  leukocytosis,  377 
Posthitis,  677 

Postpartum  state,  leukocytosis  of,  377 
Postpneumonic  induration,  548 
Predisposition,  definition,  299 
Pregnancy,  ectopic,  dermoid  tumor  and,  dif- 
ferentiation, 247 

leukocytosis  of,  377 
Premature  alopecia,  593 
Preputial  calculi,  677 

Pressure,  atmospheric,  in  etiology  of  disease, 
26 

atrophy  of  bones,  616 
Prickly  heat,  591 
Procidentia  of  uterus,  697 
Proctitis,  470 

Productive  inflammation,  312 
Profeta's  law,  362 
Proglottides,  280 
Prolapse  of  uterus,  697 

of  vagina,  715 
Promycelium,  256 
Properitoneal  hernia,  461 
Proskauer  and  Beck's  medium,  262 
Prosoposchisis,  37 
Prosopothoraco-omphalopagus,  57 
Prosopothoracopagus,  51 
Prostate,  atrophy  of,  678 

calculus  in,  680 

carcinoma  of,  680 

concretions  of,  680 

corpora  amylacea,  680 

cysts  of,  680 

diseases  of,  678 

hypertrophy  of,  678 

inflammation  of,  679 

parasites  of,  680 

tuberculosis  of,  679 

tumors  of,  680 
Prostatitis,  679 
Proteids,  digestion  of,  61 

pathology,  61 
Proteose,  61 

Proteosoma  Grassii,  274,  277 
Prothrombin,  380 
Protoplasm,  115 

of  nerve-cell,  changes  in,  669 
Protozoa,  114 
Protozoan  parasites,  270 

theory  of  carcinoma,  235,  236 
Proud  flesh,  321 
Provisional  callus,  625 
Prurigo,  584 
Psammoma,  134,  13S,  190 

morbid  anatomy,  191 

of  arachnoid,  659 

of  brain,  672 

of  dura  of  brain,  654 

of  pia  of  brain,  659 

of  pineal  gland,  674 

of  spinal  cord,  644 

pathologic  histology,  191 

seat  of  occurrence.  191 
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Psammosarcoma,  191 
of  arachnoid,  659 
of  brain,  672 
of  dura  of  brain,  654 
of  pia  of  brain,  659 
Pseudarttirosis,  626 
Pseudoclilorosis,  384 
Pseudococcidia,  235 
Pseudohermapliroditism,  48 
feminine,  48 
masculine,  48 
Pseudoleukemia,  390,  603 
cutis,  353 
of  infancy,  390 
Pseudomembranous  colpitis,  717 
enteritis,  468 
gastritis,  453 
pliaryngitis,  440 
diphtiieric,  440 
morbid  anatomy,  441 
non-diphtheric,  440 
tonsillitis,  439 
Pseudomonas,  258 
Pseudomucin,  150,  690 
Pseudomuscular  hypertrophy,  634 
Pseudopodia,  119 
Psoriasis,  588 
linguae,  437 
Psorospermosis  follicularis,  574 
Psorosperms,  574 

in  lung,  558 
Pterodactylus,  43 
Ptomains,  265 
Ptyalin,  62 
Pudendal  hernia,  461 

Pulmonary  disease,  effect  upon  heart,  414 
excretion,  81 
insuflficiency,  412 
stenosis,  412 

tuberculosis,  aerogenic,  550 
as  cause  of  empyema,  562 
bronchopneumonia  in,  554 
caseofibroid,  554 
complications,  SSS 
empyema  in,  555 
etiology,  549 
fibroid,  SS4 
gangrene  in,  555 
hemoptysis  in,  555 
hemorrhage  in,  551,  555 
lymphogenic,  553 
miliary,  553 
pleura  in,  554  ^ 
pleuritic  adhesions  iq,  555 
pneumothorax  in,  555 
recovery  from,  555 
suppuration  in,  555 
Pulpy  softening  of  walls  of  stomach,  453 
Pulsating  empyema,  566 
Pupils,  dilatation  of,  as  sign  of  death,  163 
Purpura,  393,  571 

hemorrhagic.  393 
Purulent  arthritis,  627 
tuberculous,  632 
exudation,  317 
inflammation  of  spleen,  S97 
myositis,  635 
orchitis,  682 
perispermatitis,  687 
peritonitis,  511 
phlebitis,  acute,  429 
pleurisy,  561.     %i&z\so  Empyema. 
vaginitis,  687 


Pus,  31S,  317 

bacteria  in,  318 

cheesy,  317 

curdy,  317 

ichorous,  317 

laudable,  317 

sanious,  317 
Pus-cells,  317 
Pustular  endocarditis,  403 

inflammation,  312 
Pustules,  576 

malignant,  580 
Putrefaction  as  sign  of  death,  163  , 

bacteria  of,  265,  266 
Putrefactive  alkaloid,  266 
Putrid  empyema,  563 
Pyelitis,  753 
Pyelonephritis,  734 
Pyemic  abscess,  318 
Pygopagus,  57 

Py]<nomorphous  condition  of  nerve-cell,  669 
Pyoid  bone-marrow,  605 

in  leukemia,  388 
Pyomelia,  642 
Pyometra,  697,  703 
Pyonephrosis,  320,  752,  753 
Pyopericardium,  320,  397 
Pyopneumothorax,  568 
Pyosalpinx,  320,  694 
Pyrenin,  117 
Pyrexia,  70 
Pyrosoma  bigeminum,  278 

hominis,  279 

Quartan  malarial  fever,  parasite  of,  274 
Quinsy,  438 
Quotidian  parasite,  275 
Quotient,  respiratory,  81 

Race  in  etiology  of  disease,  22 
Racemose  adenoma,  239 

aneurysms,  210 

angioma  of  liver,  210 
Rachipagus,  57 
Rachischisis,  38,  638 

partialis,  38 

totalis,  38 
Rachitic  pelvis,  flat,  613 
Rachitis,  66,  612 

etiology,  612 

microscopic  appearance,  613 
.  morbid  anatomy,  612 
Radicular  odontomata,  242 
Ranula,  248,  437 

pancreatic,  509 
Rarefying  ostitis,  620 
Ray  fungus,  261 

Reaction,  effect  on  bacteria,  264 
Recrudescence,  19 
Rectocele,  461 

of  vagina,  715 
Recto-uterine  hematocele,  700 
Rectovesical  fistula,  756 
Rectum,  inflammation  of,  470 

papilloma  of,  218 
Red  atrophy  of  liver,  486,  489 

granular  kidney,  743 

hepatization  of  lung,  546 

softening,  159,  639,  664,  666 
Redness  in  inflammation,  313 
Reducible  hernia,  461 
Regeneration  of  blood,  373 

of  blood-vessels,  327 
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Regeneration  of  bone,  625 

of  cardiac  muscle,  326 

of  cartilages  of  joints,  626 

of  epithelial  tissue,  325 

of  kidney  tissue,  326 

of  liver  tissue,  326 

of  mammary  gland  tissue,  326 

of  muscular  tissue,  326 

of  nervous  tissue,  328 

of  spinal  cord,  329 

of  tissue,  325 
Reitknochen,  135 
Relapse,  definition,  19 
Renal  calculus,  760 

disease,  effect  upon  heart,  415 
Repair,  320 

Reproduction  of  cells,  122 
Reproductive  system,  diseases  of,  677 
Resolution  in  inflammation,  319 
Respiration,  effect  of  empyema  on,  566 
Respiratory  quotient,  81 

system,  diseases  of,  515 
Rests,  175 
Retention  cysts,  247 
of  testicle,  684 
Retina,  glioma  of,  206 

perithelioma  of,  189  , 

Retroflexion  of  uterus,  696 
Retroperitoneal  hernia,  461 
Retroversion  of  uterus,  697 
Rhabdomyoma,  203,  204,  205 

of  kidney,  749 

of  testicle,  685 
Rhabdomyosarcoma,  205 

of  kidney,  749 
Rhagades,  576 

of  lips,  432 
Rheumatism,  articular,  acute,  627 

gonorrheal  ,627 
Rheumatoid  arthritis,  628 
monarticular,  628 
polyarticular,  628 
Rhexis,  hemorrhage  by,  loi 
Rhinitis,  515 

atrophic,  516 

catarrhal,  acute,  515 
chronic,  515 

diphtheritic,  516 

hypertrophic,  515 

leprous,  516 

syphilitic,  516 

tuberculous,  516 
Rhinoliths,  517 
Rhinoscleroma,  351 

bacillus  of,  351 

etiology,  351 

pathologic  histology,  352 
Rhizomelic  spondylosis,  629 
Rhophalocephalus  carcinomatosis,  236 
Rice  bodies  of  joints,  632 
Rice-water  discharges  of  cholera  Asiatica,  47S 
Rickets,  66,  612.     See  also  Rachitis. 
Rigidity,  cadaveric,  as  sign  of  death,  163 
Rigor  mortis  as  sign  of  death,  163 
Ring  callus,  625 
Ringworm,  586 
Rontgen-rays,  effect  on  bacteria,  263 

in  etiology  of  disease,  25 
Roseola,  571,  576 
Rose-spots  of  typhoid  fever,  481 
Rotz,  343 

Round  worms,  287 
Round-cell  infiltration,  317 


Round-cell  sarcoma,  180 

large,  181 

morbid  anatomy,  180 

of  bones,  624 

of  jaw,  181 

pathologic  histology,  181 
Rudimentary  ovarian  parasites,  246 
Rupture  of  bladder,  754 
of  esophagus,  448 
of  spleen,  599 

SaCCHAROMYCES  cerevisise,  256 
et  vini,  255 
Ludwigii,  256 
Saccular  aneurysm,  425 

pleurisy,  561 
Saddle  nose,  516 
Sago  spleen,  144,  145,  598 
Salivary  calculi,  445 
cysts,  444 
fistula,  444 

glands,  diseases  of,  444 
parasites  in,  445 
syphilis  of,  445 
tuberculosis  of,  445 
tumors  of,  445 
Salpingitis,  693 
Salts,  effect  on  bacteria,  264 
Sand,  brain-,  674 
Sanious  pus,  317 
Saprogenic  bacteria,  266 
Sarcina,  258,  259 
Sarcolytes,  634 
Sarcoma,  178 
alveolar,  185 

malignancy  of,  i85 
blood-vessels  of,  179 
chondrifying,  182 
disposition,  180 
etiology,  179 
giant-cell,  183 
hemosiderin  in,  180 
leukocytosis  in,  378 
lymphadenoid,  181 
melanotic,  138,  180,  187 
morbid  anatomy,  179 
myeloid,  183 

myxomatous  degeneration  of,  180 
of  adrenal  bodies,  610 
of  arachnoid,  659 
of  bladder,  759 
of  bones,  624 
giant-cell,  624 
round-cell,  624  . 
spindle-cell,  624 
of  brain,  672 

of  breast,  722.  See  also  Sarcoma  of  mamma.. 
of  bronchi,  531 
of  dura  of  brain,  653 
of  endometrium,  707 
of  Fallopian  tube,  695 
of  intestine.  483 
secondary,  483 
of  kidney,  749 
of  larynx,  523 
of  liver,  500 
primary,  500 
secondary,  500 
of  lymphatic  nodes,  603 

secondary,  604 
of  mamma,  722 
alveolar,  722 
diffuse,  722 
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Sarcoma  of  mamma,  giant-cell,  722 
intracanalicular,  722 
phyloides,  722 
pigmented,  722 
spindle-cell,  182 

of  mediastinum,  570 

of  mouth,  437 

of  muscles,  636 

of  myometrium,  705 

of  nose,  S17 

of  ovary,  692 

of  pancreas,  508 
secondary,  508 

of  penis,  678 

of  peripheral  nerves,  676 

of  peritoneum,  secondary,  514 

of  pia  of  brain,  659 

of  pineal  gland,  674 

of  pituitary  body,  609 

of  skin,  590 
melanotic,  590 

of  spinal  cord,  644,  645 

of  testicle,  685 

of  thigh,  giant-cell,  184 
myeloid,  184 

of  thyroid  gland,  608 

of  trachea,  526 

of  urethra,  763 

of  uterus,  705 
Spiegelberg's  grape-like,  707 

of  vagina,  717 

of  veins,  180 

of  vulva,  719 

ossifying,  182 

osteoid,  191,  624 

pathologic  histology,  179 

periosteal  (epulis),  184,  193,  194 

pigmented,  180 

retrogressive  degenerations  of,  180 

round-cell,    180.     See  also  Round-cell  sar- 
coma, 

seat  of  occurrence,  179 

spindle-cell,  181 
malignancy  of,  183 
morbid  anatomy,  181 
pathologic  histology,  182 

uteri  hydropicum  papillare,  707 

varieties,  180 
Sarcomatosis,  180 

of  peritoneum,  514 
Sarcoptes  scabiei,  297 
Sauferleber,  494 
Scales,  S76 
Scar,  apoplectic,  665 
Scarlatina,  skin  in,  584 
Schistoprosopia,  37 
Schistosis,  37 

anterior,  37 

posterior,  38  . 
Schizocytes,  371 

Schizomycetes,  257.     See  also  Bacteria. 
Schnurleber,  154 
Schultze,  comma  columns  of,  651 
Sciatic  hernia,  461 
Scirrhous  carcinoma,  hour-glass  stomach  from , 

459 
of  mammary  gland,  228 
of  stomach,  457 
Scirrhus,  228 
Sclerema,  575 

neonatorum,  575 
Scleroderma,  575 
Sclerosis,  initial,  of  syphilis,  357 


Sclerosis  of  brain,  670 
diffuse,  670 

multiple  localized,  670 
of  spinal  cord,  640 
disseminated,  647^ 
friction,  398 

lateral,  amyotrophic,  650 
multiple,  647 
posterior,  647 
Sclerotic  arteritis,  417.     See  also  Arterioscle- 
rosis. 
endocarditis,  405 
gastritis,  454 
ostitis,  620 
Scolecitis,  469 
Scolex,  281 
Scorbutus,  66 
Scrofuloderma,  581 
Scrotal  hernia,  460 
Scrotum,  dermoid  tumors  of,  678 
disease  of,  678 
elephantiasis  of,  293,  678 
epithelioma  of,  678 
lymph,  104 
Scurvy,  66 
Scybala,  94 

Season  in  etiology  of  disease,  26 
Seat-worm  ,287 
Sebaceous  cysts,  592 
glands,  diseases  of,  591 
horns,  219 
Seborrhea,  591 
Seborrhoea  oleosa,  592 

sicca,  592 
Secretion,  73 
biliary,  retention  of,  487 
external,  73 
internal,  73 
of  adrenal  bodies,  80 
of  sexiial  glands,  80 
pancreatic,  75 
pituitary,  74 
thyroid,  73 

urinary,  perspiration  and,  sympathetic  rela- 
tion between,  88 
Seed  warts,  216 
Segmentation  of  cytoplasm,  126 

of  myocardium,  401 
Seminal  vesicles,  calculi  of,  680 
diseases  of,  680 
hydroceles  of,  681 
inflammation  of,  680 
symplexion  of,  681 
tuberculosis  of,  681 
tumors  of,  681 
Senile  arteritis,  ossification  in,  13s 
arthritis,  630 
atrophy  of  bones,  616  . 
dry  gangrene  of  lower  extremity,  160 
emphysema  of  lungs,  534 
Septic  abscess,  318 
Septicemia  sputum,  micrococcus  of,  543.    See 

also  Pneumococcus. 
Septum,  auricular,  imperfection  of,  394 

imperfect,  of  heart,  394 
Sequestrum,  161,  617,  619 
Serofibrinous  arthritis,  627 
Seropus,  317 
Serous  arthritis,  627 
cysts  of  testicle,  684 
exudate  of  inflammation,  316 
fluid  in  peritoneum,  510 
infiltration,  132 
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Serous  leptomeningitis,  cerebral,  656 
Sex  in  etiology  of  disease,  22 
Sexual  glands,  secretion  of,  80 

organs,  duplications  of,  44 
Shadow  corpuscles,  372 

Shaven-beard  appearance  in  typhoid  fever,  478 
Shiga,  bacillus  of,  471 

typhoid  bacillus  and,  differentiation,  471 
Shingles,  577 

Shock  causing  glycosuria,  76 
Sialoceles,  445 
Sialoliths,  445     ^ 
Siderosis,  136,  S39 

Signs  of  death,  162.     See  also  Death,  sign^  of. 
Sinuses,  315 
Sireniform  fetus,  43 
Sirenomelia,  43 
Sitophobia,  60 
Skatol,  92  . 

Skiagraphers'  dermatitis,  25 
Skin,  abscesses  of,  57B 
anemia  of,  572 
angioma  of,  590 
appendages  of,  diseases  of,  591 
atrophy  of,  573 
carcinoma  of,  591 
lenticular,  591 
pigmented,  591 
comification  of,  574 
crocodile,  57s 
diseases  of,  571 

melanosis  in,  139 
edema  of,  571 

effect  of  ammonia-water  on,  583 
of  cantharides  on,  583 
of  croton  oil  on,  583 
of  mustard  on,  583 
endothelioma  of,  S90 
exanthematous  diseases  of,  584 
fibroma  of,  589 
fungous  diseases  of,  $86 
gangrene  of,  373 

from  carbolic  acid,  S74 
glanders  of,  583 
glossy,  573,  578 
grafting  of,  326 
hemorrhage  of,  571 
hemorrhoids  of,  485 
horns  of,  219 
hyperemia  of,  active,  571 

passive,  571 
hypertrophy  of,  57S 
in  Addison's  disease,  572 
in  black  small-pox,  585 
in  icterus,  572 
in  measles,  585 
in  scarlatina,  584 
in  small-pox,  585 
in  vaccinia,  586 
in  varicella,  585 
inflammations  of,  576 
depending  upon  irritative  substances  cir- 
culating in  blood,  583 
from  irritating  substances,  583 
idiopathic,  576 
neurotic,  577 
toxic,  583 
traumatic,  576 
leprosy  of,  583 
lymphangioma  of,  S90 
myoma  of,  589 
necrosis  of,  S73 
neuroma  of,  589 


Skin,  neurotrophic  lesions  of,  S73 

pig-,  727 

pigmentations  of,  572 
sarcoma  of,  590 
melanotic,  59° 
syphilis  of,  582 
tuberculosis  of,  581 
tumors  of,  589 
Skin-grafting,  326 
Skull,  deformities  of,  660 
malformations  of,   deformities  of  brain  de- 
pending upon, 660 
Slough,  160 

Small-pox,  black,  skin  in,  585 
larynx  in,  520 
leukocytosis  in,  377 
skin  in,  585 
SnufBes  of  hereditary  syphilis,  363 
Softening  of  brain,  664,  666 
of  cartilage,  626 
of  walls  of  stomach,  452 
red,  159,  639,  664,  666 
white,  159,  639,  666 
yellow,  159,  639,  666 
Somatic  death,  162 
Soor,  251 
Sores,  bed-,  573 

Sounds  in  etiology  of  disease,  26 
Spavin,  198 

Specific  gravity  of  blood,  364 
in  leukemia,  390 
inflammation,  312 
Spermatic  cord,  varicose  veins  of,  68r 

theory  of  tumors,  176 
Spermatocele,  248,  684 
Sphacelus,  160 

exfoliation  of,  160 
Sphincter  muscles,  relaxation  of,  as  sign  of 

death,  163 
Spiegelberg's  grape-like   sarcoma  of  uterus, 

707 
Spina  bifida,  40,  41,  42,  638 

ventosa,  621,  624 
Spinal  arthropathy,  630 
cord,  absence  of,  638 
anemia  of,  646 
asymmetry  of,  638 
atrophy  of,  638 

circulatory  disturbances  of,' 646 
congenital  malformations  of,  638 
corpora  amylacea  of,  640 
cylindroma  of;  644 
Cysticercus  cellulosaS  in,  645 
degeneration  of,  639 
ascending,  651 
descending,  651 
primary,  639 
secondary,  639,  650 
diseases  of,  638 

special,  647 
dura  of,  tuberculosis  of,  643 

tumors  of,  645 
fibroma  of,  644 
glioma  of,  644 
gliomyxoma  of,  644 
gliosarcoma  of,  644 
gliosis  of,  644 
hemorrhage  into,  646 
heterotopia  of,  638 
hyperemia  of,  646 
ischemia  of,  646 
leprosy  of,  644 
lipoma  of,  644 
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Spinal  cord,  malformations  of,  congenital,  638 
myoma  of,  644 
myxoma  of,  644 
parasites  of,  645 
pia  of,  angioma  of,  644 
tuberculosis  of,  643 
tumors  of,  644 
psamraoma  of,  644 
regeneration  in,  329 
sarcoma  of,  644,  645 
sclerosis  of,   640.     See  also  Sclerosis  of 

ipinal  cord, 
syphilis  of,  643 
Taenia  echinococcus  in,  645 
tuberculosis  of,  643 
tumors  of,  644 
leptomeningitis,  645.     See  also  Lepiomenin- 

g-itis,  spinal. 
meninges,  syphilis  of,  643 

tumors  of,  644 
meningitis,  645 
definition,  641 
tuberculous,  643 
pachymeningitis,  645.     See  also  Pachymen- 
ingitis, spinal. 
Spindle-cell  sarcoma,  181 
malignancy,  183 
of  mammary  gland,  182 
morbid  anatomy,  181 
of  bones,  624 
pathologic  histology,  182 
Spirillaceae,  family,  258 
Spirillum,  258,  260 
cholera  Asiaticse,  474 
chemistry,  475 
cultivation,  474 
pathogenesis,  475 
Spirochseta,  258,  260 
Spiromonas,  260 
Spirosoma,  258,  260 
Spirulina,  260 
Spleen,  absence  of,  595 
accessory,  595 
actinomycosis  of,  599 
adenoma  of,  599 
amyloid  disease  of,  598 
anemia  of,  595 
anemic  infarct  of,  155 
anthracosis  of,  598 
atrophy  of,  598 
calcification  of  598 
calculi  of,  599 

congenital  malformations  of,  595 
cysticercus  in,  599 
cysts  of,  599 
degeneration  of,  598 
diseases  of,  595 
embolism  of,  595 
floating,  595 
hemorrhage  of,  595 
hemorrhagic  infarction  of,  595 
hyperemia  of,  595  ^ 

active,  595 
passive,  595 
hypertrophy  of,  596 
in  leukemia,  598 
infection  of,  596 
inflammation  of,  596 
chronic,  597 
purulent,  597 
leprosy  of,  597 
marbled,  599 
parasites  of,  599 


Spleen,  pentastomum  denticulatum  in,  599 
phleboliths  of,  S99 
pigmentation  of,  S98 
rupture  of,  599 
sago,  598 

supernumerary,  44,  595 
syphilis  of,  597 
Taenia  echinococcus  in,  599 
thrombosis  of,  596 
tuberculosis  of  597 
tumors  of,  596,  599 
primary,  599 
secondary,  599 
Splenic  leukemia,  387 
Splenitis,  597 
chronic,  597 
purulent,  597 
Splenization  of  lung,  532 
Splenomyelogenic  leukemia,  390 
Spondylitis  deformans,  629 
Spondylosis,  rhizomelic,  629 
Spongioplasm ,  115 
Sporozoa,  236 
Spot,  milk,  398 

upon  peritoneal  surfaces,  510 
Spurious  hermaphroditism,  48 
Sputum,  septicemia,  micrococcus  of,  543.  See 

also  Pneumococcus, 
Squamous  epithelioma,  220 

growth  and  tendencies,  224 
morbid  anatomy,  221 
of  bladder,  759 
of  cervix  uteri,  223,  709 
of  esophagus,  449 
of  intestine,  484 
of  larynx,  525 
of  nose,  517 
of  ovary,  692 
of  stomach,  458 
of  uterus,  712 
pathologic  histology,  222 
seat  of  occurrence,  220 
tendencies,  224 
papilloma,  villous,  216 
Stain,  port-wine,  209 
Staining  of  erythrocytes,  changes  in,  372 
Staphylococcus,  259 
epidermidis  albus,  309 
pyogenes  albus,  309 
aureus,  308 
Starch  reaction  in  amyloid  disease,  146 
Starvation,  64 
Steapsin,  63 
Steatomata,  592 
Stegomyia,  275 
Stenosis,  aortic,  411 
mitral,  411 
of  esophagus,  445 
of  intestine,  464 

cancer  as  cause,  464 
of  urethra,  763 
of  valves  of  heart,  406 
pulmonary,  412 
tricuspid,  412 
Stercobilin,  90 
Sternopagi,  51 

Stomach,  adenocarcinoma  of,  458 
adenoma  of,  456 

destructive,  458 
amyloid  disease  of,  455 
anemia  of,  449 

anomalies  of,  congenital,  449 
atrophy  of,  456 
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Stomach,  calcification  of,  456 

carcinoma  of,  456.     See  also  Carcinoma  of 
stomach. 

cellular  degeneration  of,  45s 

circulatory  disturbances  of,  449 

diseases  of,  449 

effect  of  gastric  juice  upon,  451 

embolism  of  vessels  of,  451 

epithelioma  of,  cylindric,  458 
squamous,  458 

fatty  metamorphosis  of,  455 

hemorrhage  of,  450 
punctiform,  450 

hemorrhagic  erosion  of,  450 

hour-glass,  449 
from  carcinoma,  459 

hyperemia  of,  450 
passive,  450 

hypertrophy  of,  456 

inflammation  of,  453.     See  also  Gastritis. 

pigmentation  of,  456 

syphilis  of,  459 

thrombosis  of  vessels  of,  450 

traumatic  lesions  of,  hemorrhage  In,  450 

tuberculosis  of,  459 

tumors  of,  456 

ulcer  of,  peptic,  451 
hemorrhage  in,  450 
peritonitis  from,  452 

walls  of,  softening  of,  452 
Stomatitis,  432 

aphthous,  433 

catarrhal,  432 

diphtheric,  434 

follicular,  432 

gangrenous,  435 

(noma),  in  typhoid  fever,  481 

mycotic,  433 

o'idium,  434 

syphilitic,  436 

ulcerative,  433 
Strangulated  hernia,  461 
Stratum  granulosum,  152 
Streptococcus,  258,  259 

brevis,  309 

erysipelatis,  309 

inflammation  of  tonsils,  439 

longus,  309 

pyogenes,  309 
virulence  of,  310 
Stricture  of  urethra,  763 
Strobile,  280 
Strongylus  armatus,  113 

longevaginatus,  294,  SS8 
Struma,  606.     See  also  Goiter. 
Strumae  lipomatodes  aberratas  renis,  749 
Subcutaneous  lipoma,  19S 

tubercle,  painful,  193 
Submaxillary  gland,  chondroma  of,  201 
Submiliary  tubercles,  338 
Submlicous  lipoma,  19s 
Subperiosteal  abscess,  617 
Subperitoneal  tissue,  hemorrhage  into,  S°9 
Substance  sensibilisatrice,  303 
Substantial  emphysema  of  lungs,  532 
Subsynovial  lipoma,  195 
Subungual  exostoses,  igg 
Sue  cancereuse,  226 
Sucking  cushion,  195 
Sudamina,  591 

in  typhoid  fever,  585 
Suffocation,  69 
Sulphomethemoglobin,  29 


Suppurating  hernia,  461 
Suppuration,  315,  317,  319 

in  pulmonary  tuberculosis,  555 
Suppurative  appendicitis,  leukocytosis  in,  377 

bihary  hepatitis,  498 

encephalitis,  668 

hydradenitis,  591 

inflammation,  312 

neuritis,  675 

periorchitis,  687 

tonsillitis,  438 
Surgical  kidney,  734,  742,  753 
Surra,  34 

Susceptibility,  definition,  299 
Sweat,  chemical  composition,  87/  88 
Sweat-glands,  diseases  of,  591 
Swelled  head,  346 

Swelling,    cloudy,    141.       See    also    Cloudy 
swelling. 

in  inflammation,  313 

tabular,  flat,  169 

white,  632 
Sycosis,  578 
Symmelia,  43 

Symplexion  of  seminal  vesicles,  601 
Sympus,  43 

apus,  43 

dipus,  43 

monopus,  43 
Synactosis,  43 
Syncephalus,  57 
Syncytioma  malignum,  713 
of  Fallopian  tube,  695 
Syncytium,  714 
Syndactylus,  43 
Syndesmosis,  626 
Synophthalmia,  43 
Synostosis,  626 
Synotia,  37 
Synovitis,  627 

pannosa,  627 
Syntonin,  61 
Syphilis,  354 

atypical  manifestations,  361 

cellular  infiltrations  in,  361 

chancre  of,  357.        See  also  Chancre. 

Colles'  law,  362 

congenital,  yellow  line  of,  622 

contagion  in,  357 

endarteritis  in,  361 

etiology,  357 

gumma  of,  360 

hereditary,  361 
snuffles  of,  363 

initial  sclerosis  of,  357 

intermediate  period,  356 

loss  of  hair  in,  35s 

morbid  anatomy,  357 

mucous  patch  of,  355,  359 

of  adrenal  bodies,  610 

of  arachnoid,  658 

of  bladder,  758 

of  bones,  361,  622 
acquired,  622 
hereditary,  622 

of  brain,  670 

of  breast,  721 

of  bronchi,  53° 

of  dura  of  brain,  653 

of  epididymis,  684 

of  Fallopian  tube,  69S 

of  intestine,  482 
hereditary,  482 
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Syphilis  of  kidney,  748 
of  larynx,  521 
of  liver,  498 

congenital,  498 
of  lung.  SSS 

acquired,  556 

congenital,  SSS 
of  mamma,  721 
of  muscles,  636 
of  penis,  677 
of  peripheral  nerves,  676 
of  pia  of  brain,  6s8 
of  pituitary  body,  609 
of  salivary  glands,  44s 
of  skin,  S82 
of  spinal  cord.  643 

meninges,  643 
of  spleen,  597 
of  stomach,  4S9 
of  testicle,  6B4 
of  thymus  gland.  605 
of  thyroid  gland,  608 
of  trachea,  S26 
of  tunica  vaginalis  testis,  687 
of  uterus,  703 
of  vagina,  717 
of  vas  deferens,  681 
of  vulva,  719 
period  of  primary  incubation,  354 

secondary  invasion  with  enlargement  of 
first  lymphatic  node,  3SS 
symptoms,  3SS 
prenatal  infection  with,  362 
Profeta's  law,  362 
skin  eruptions  in,  3SS,  361 
tertiary  period,  356 
Syphilitic  arteritis,  356,  422,  423 
arthritis,  632 
bubo,  602 
encephalitis,  671 
leptomeningitis,  spinal,  644 
leukoplakia,  436 
lymphadenitis,  602 
meningomyelitis,  644 
osteochondritis,  622 
osteomyelitis,  623 
ozena,  516 

pachymeningitis,  spinal,  643 
pancreatitis,  so8 
periostitis,  622 
pharyngitis,  443 
phlebitis,  429 
rhinitis,  516 
stomatitis,  436 
urethritis,  763 
Syringomyelia,  642 
atypical,  642 
secondary,  642 
Syringomyelocele,  42 

Tabby  mottling,  143 

of  heart,  382 
Tabes  dorsalis,  647 
Taenia  echinococcus,  33,  284 

head  of.  284 

in  spinal  cord,  64s 

in  spleen,  599 

membrane  of,  284 
elliptica,  281 

eggs  of,  281 

head  of,  281 

mature  segments  of,  281 

sive  cucumerina,  283 


Taenia  mediocanellata,  281 
nana,  283.  284 
eggs  of,  283 
head  of,  283 
hooks  of,  283 
saginata,  280,  281 
eggs  of.  280 
head  of,  280 
mature  segments  of,  280 
solium,  282,  283 
eggs  of,  282 
head  of,  282 
mature  segments  of,  282 
Tail-like  appendage,  44 
Talipes,  45 

calcaneovalgus.  46 
calcaneovarus.  46 
calcaneus,  45 
cavus,  45 
equinovalgus,  46 
equinovarus,  45 
equinus,  45 
valgus,  46 
varus.  45 
Talipomanus,  46 

Tarry  stools  in  typhoid  fever,  480 
Tattoo-marks,  140,  572 
Teeth,  Hutchinson's,  363 
Temperature  in  etiology  of  disease,  24 

relation  of  bacteria  to,  263 
Tendons,  diseased  conditions  of,  633 
ganglia  of,  633 
inflammation  of,  633 
ossification  of,  at  attachments,  199 
tuberculosis  of,  633 
Tendosynovitis,  633 

chronic,  633 
Tendovaginitis  sicca,  633 
Terata  catadidyma,  anterior,  55 
Teratoid  tumors,  173,  243 
of  pituitary  body,  609 
structure,  170 
Teratoma,  53 

of  arachnoid,  660 
of  pia  of  brain,  660 
Tertian  malarial  fever,  parasite  of,  274 
Test,  Alm^n's,  for  hemoglobin,  137 

Gmelin's,  for  bile-pigment,  138 
Testicle,  absence  of,  681 
adenocarcinoma  of,  686 
adenocystoma  of,  686 
adenoma  of,  685 
anemia  of.  682 
calcification  of,  682 
carcinoma  of,  686 

colloid,  686 
cholesteatoma  of,  685 
chondroma  of,  200,  685 
colloid  metamorphosis  of,  682 
concealed,  681 
cystocarcinoma  of,  686 
cystosarcoma  of,  685 
cysts  of,  684 
dermoid,  684 
parasitic,  684 
retention,  684 
serous,  684 
degeneration  of,  682 
diseases  of.  681 
endothelioma  of,  685 
fatty  metamorphosis  of,  682 
fibroma  of,  685 
fungus  benignus  of,  683 
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Testicle,  galactocele  of,  684 

hyperemia  of,  682 

hypertrophy  of,  682 

hypoplasia  of,  681 

inflammation  of,  682.     See  also  Orchitis. 

inversion  of,  681 

leprosy  of,  684 

lipoma  of,  685 

metamorphosis  of,  colloid,  621 
fatty,  682 
mucous,  682 

myxoma  of,  685 

numerous,  681 

osteoma  of,  685 

perithelioma  of,  685 

rhabdomyoma  of,  685 

sarcoma  of,  685 

syphilis  of,  684 

tuberculosis  of,  683 

tumors  of,  685 
Tetracocci,  259 
Texas  fever,  278 
tick,  278,  279 
Thermophilic  bacteria,  263 
Thigh,  giant-cell  sarcoma  of,  184 
Thiothrix,  258 
Thirst,  60 

Thoracic  empyema,  561.     See  also  Empyema. 
Thoracogastroschisis,  38 
Thoracopagus,  49,  58 

parasiticus,  52 

tribranchius,  51 
tripus,  SI 

tripus,  SI 
,  Thoracopagous  monsters,  so 
Thoracoschisis,  38 

Thorax,  changes  in,  in  empyema,  566 
Thrombi,  ball,  107 

calcification  Of,  108 

central,  107 

channelled,  107 

classification,  106 

consequential,  106 

infectious,  106 

liquefaction  or  softening  of,  108 

metamorphoses  of,  107 

obstructing,  107 

occluding,  107 

organization  of,  107 

parietal,  107 

polypoid,  107 

secondary,  106 

softening  of,  108 

structure  and  variety,  105 

tunnelled,  107 

valvular,  107 
Thrombo-arterltis,  108,  428 
Thrombophlebitis,  108,  429 
Thrombosis,  104 

etiology,  104 

of  bones,  615 

of  brain,  665 

of  dura  of  brain,  652 

of  gastric  vessels,  450 

of  spleen,  596 

venous,  in  chlorosis,  386 
Thrombus,  104 
Thrush,  251,  434 

Thymus  gland,  congenital  malformations  of, 
604 
diseases  of,  604 
epithelioma  of,  605 
hyperemia  of,  604 


Thymus  gland,  inflammation  of,  605 
lymphoma  of,  605 
lymphosarcoma  of,  60s 
syphilis  of,  60s 
tuberculosis  of,  605 
tumors  of,  605 
Thyroid  gland,  actinomycosis  of,  608 
adenoma  of,  609 
amyloid  disease  of,  608 
atrophy  of,  606 
carcinoma  of,  608 
secondary,  609 
congenital  malformations  of,  606 
diseases  of,  606 
echinococcus  cysts  in,  608 
fibroma  of,  608 
hypertrophy  of,  606 
inflammation  of,  608 
influence  on  nutrition,  608 
parasites  of,  608 
sarcoma  of,  608 
secretion  of,  73 
syphilis  of,  608 
tuberculosis  of,  608 
tumors  of,  608 
Thyroidin,  74 
Thyroiditis,  608 

Thyrolingual  duct,  malformations  of,  47 
Tick,  Texas  fever,  278,  279 
Tinea  circinata,  586 
favosa,  251 
imbricata,  S87 
sycosis,  S86 
tonsurans,  586 
capillitii,  232 
vesiculosus,  253 
versicolor,  2S3,  587 
Tissue  changes,  progressive,  164 
retrogressive,  127 
connective,     in     chronic     parenchymatous 
nephritis,  changes  in,  741 
tumors  of,  178 
contiguity  of,  as  favoring  spread  of  tubercu- 
losis, 333 
continuity  of,  as  favoring  spread  of  tuber- 
culosis, 332 
elasticity,  loss  of,  as  sign  of  death,  163 
epithelial,  regeneration  of,  325 

tumors  of,  213 
granulation,  320 
adenoid,  321 
fibroid,  321 
hemorrhage  into,  103 
subperitoneal,  509 
in  acute  inflammation,  314 
kidney,  regeneration  of,  326 
liver,  pigmentation  of,  487 

regeneration  of,  326 
mammary  gland,  regeneration  of,  326 
muscular,  cells  in,  327 
regeneration  of,  326 
nervous,  regeneration  of,  328 
regeneration  of,  325 

resistance,  altered,   as   theory  of  cause  of 
tumors,  176 
Tissue-necrosis,  adipose,  of  pancreas,  308 

hyalin,  148 
Tongue,  actinomycosis  of,  436 
diseases  of,  436 
epithelioma  of,  437 
hairy,  black,  437 
hemangioma  of,  437 
inflammation  of,  436 
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Tongue,  leukoplakia  of,  437 

lymphangioma  of,  437 

psoriasis  of,  437 

wooden,  346,  348 
Tonsillitis,  acute,  438 

atrophic,  438 

chronic,  438 

follicular,  438 

herpetic,  438 

hypertrophic,  438 

lacunar,  438 

pseudomembranous,  439 

suppurative,  438 
Tonsils,  diphtlaeria  of,  439 

diseases  of,  437 

inflammation  of,  streptococcus,  439 

tuberculosis  of,  439 
Tophi,  84,  135 

of  gout,  631 
Toxalbumins  of  bacteria,  267 
Toxic  alopecia,  593 

encephalitis,  669 

inflammations  of  skin,  583 

myelitis,  641 
Toxins  of  bacteria,  267 
Trachea,  adenoma  of,  526 

carcinoma  of,  primary,  526 

chondroma  of,  526 

cysts  of,  526 

diphtheria  of,  526 

diseases  of,  525 

epithelioma  of,  secondary,  526 

fibroma  of,  526 

inflammations  of,  525 

osteoma  of  526 

sarcoma  of,  526 

syphilis  of,  526 

tuberculosis  of,  525 

tumors  of,  526 
Trachitis,  525 

diphtheritic,  525 

necrotic,  525 
Transitional  leukocytes,  375 
Transparency  of  cornea,  loss  of,  as  sign  of 

death,  163 
Trauma  in  etiology  of  disease,  31 
Traumatic  encephalitis,  667 

fever,  70 

inflammations  of  skin,  576 

injuries  of  joints,  633 
of  penis,  677 
of  uterus,  702 
of  vagina,  716 

lesions,  23 

of  stomach,  hemorrhage  in,  450 
of  vulva,  718 

myelitis,  641 

neuroma,  208 

pericarditis,  396 
Trematodes,  294 
Trichina,  intestinal,  290 

spiralis,  289 
Trichiniasis,  eosinophilia  in,  380 
Trichocephalus  dispar,  289 
Trichomonas  intestinalis,  273 

vaginalis,  273 
Trichophyton,  33,  586 

tonsurans,  252 
Trichorrhexis  nodosa,  S93 
Tricuspid  insufficiency,  412 

stenosis,  412 
Trommelschlager,  260 
Tropic  dysentery,  471 


Trypanosoma,  279 
Trypanosomes,  279 
Trypanosomiasis,  279 
Tryptic  digestion,  61 
Tsetse-fly,  279 

disease,  34 
Tube-casts  in  nephritis,  738 
Tubercle,  576 
anatomic,  582 
bacillus,  331 

chemistry,  331 

composition,  332 

cultivation,  331 

in  tubercle,  337 

lesions  produced  by,  332 

morphology,  331 

pathogenesis,  332 

staining,  331 
cells  of,  33S 
crude,  334 
epithelioid,  335 
giant-cells  of,  336,  337 
lymphogenic,  of  peritoneum,  512 
lymphoid,  33S 
miliary,  333 

of  lung,  550 
subcutaneous,  painful,  193 
submiliary,  338 
zones  of,  335 
Tuberculin,  332 
Tuberculosis,  329 
air  in  cause,  330 

amyloid  disease  as  symptom,  339 
anemia  as  symptom,  339 
bacillus  of,  331.     See  also  Tubercle  bacillus. 
bacteriology,  331 
cachexia  as  symptom,  339 
caseofibroid,  333 
caseous,  333 

contiguity  of  tissue  as  favoring  spread,  333 
continuity  of  tissue  as  favoring  spread,  332 
eriology,  330 

fatty  infiltration  of  liver  as  symptom,  339 
fever  as  symptom,  338 
fibroid,  333 
food  in  cause,  330 
implantation,  333 
in  animals,  330,  332 
metastasis  in,  aerogenic,  333 

hematogenic,  333 

lymphoid,  333 
miliary,  333 

general,  333,  S53 

of  adrenal  bodies,  610 

of  kidney,  746 

of  lung,  553 
morbid  anatomy,  333 
of  adrenal  bodies,  610 
miliary,  610 
primary  caseous,  610 
of  arachnoid,  658 
of  bladder,  758 

primary,  758 
of  bones,  620 

lacunar  erosion  in,  621 
of  brain,  670 
of  breast,  721 
of  bronchi,  530 
of  dura  of  brain,  653 

of  spinal  cord,  643 
of  Fallopian  tube,  694 
of  intestine,  481 
of  joints,  631.   See  also  Tuberculous  arthritis. 
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Tuberculosis  of  kidney,  746 

primary,  746 
of  larynx,  520 
of  liver,  499 

primary,  499 
of  lungs,  S49.     See  Pulmonary  tuberculosis. 
of  lymphatic  nodes,  600 

vessels,  431 
of  mamma,  721 
of  mediastinum,  570 
of  mouth,  436 
of  muscles,  636 
of  penis,  677 
of  pericardium,  399 
of  peripheral  nerves,  675 
of  peritoneum,  513 
of  pharynx,  443 
of  pia  of  brain,  658 

of  spinal  cord,  643 
of  pituitary  body,  609 
of  pleura,  569 
of  prostate,  679 
of  salivary  glands,  445 
of  semined  vesicles,  68l 
of  sliin,  581 
of  spinal  cord,  643 
of  spleen,  597 
of  stomach,  459 
of  tendon,  633 
of  testicle,  683 
of  thymus  gland,  605 
of  thyroid  gland,  608 
of  tonsils,  439 
of  trachea,  525,  526 
of  tunica  vaginalis  testis,  687 
of  uterus,  703 
of  vagina,  717 
of  vas  deferens,  681 
of  vulva,  719 
ozena,  516 

pathologic  histology,  335 
physiology,  338 

pulmonary,  S49-   See  also  Pulmonary  tuber- 
culosis. 
recovery,  338 

sweating  as  symptom,  339  * 

symptoms,  338 
varieties,  333 
Tuberculous  arteriosclerosis,  418 
arteritis,  423 
arthritis,  631 

fungous,  632 

granular,  632 

purulent,  632 

ulcerative,  632 
hepatitis,  499 
laryngitis,  520 
leptomeningitis,  spinal,  643 
mediastinitis,  570 
meningitis,  spinal,  643 
meningo-encephalitis,  658 
meningomyelitis,  643 
pachymeningitis,  spinal,  643 
pancreatitis,  508 
peritonitis,  exudative,  512 

hematogenous,  512 
phlebitis,  430 
pleuritis,  SS4 
pneumonia,  SS4 
rhinitis,  516 
urethritis,  763 
Tubes,  Fallopian,   diseases  of,  693.     See  also 
Fallopian  tubes. 


Tubo-ovarian  cyst,  6go 
Tubular  adenoma,  239 

changes  in  chronic  parenchymatous  nephri- 
tis, 741 
nephritis,  acute,  735 
Tubulocysts,  249 
Tubulonephritis,  736 
Tumors,  168 
age  as  influencing  occurrence,  174 
altered  tissue  resistance  theory  of,  176 
atypical,  170 

benign,  tendencies,  172,  174 
blood-vessels  of,  170 
calcification  in,  171 
capsule  of,  371 
carbuncular,  581 
cauliflower,  169 
classification,  177 
Cohnheira'  s  embryonal  rests  and   vestiges 

theory,  175 
color,  169 

connective-tissue,  178 
consistency,  169 
dendritic,  169 

dermoid,  243.     See  aX^o  Dermoid  tumors. 
disposition  and  tendencies,  172 
environment  as  influencing  occurrence,  175 
epithelial,  215 

cells  of,  colloid  metamorphosis  of,  171 

of  Icidney,  749 
etiology,  174 

exciting,  175 
fatality,  174 
fatty  infiltration  in,  172 
fibrocellular,  193 
fibroplastic,  183 
growth  of,  mode  of,  171 
heredity  as  influencing  occurrence,  175 
heterologous,  170 
heteroplastic,  170 
histoid,  173 

structure,  170 
homologous,  170 
homoplastic,  170 
hyaline  degeneration,  172 
leukemic,  388 
lymphatics  of,  170 
malignant,  tendencies,  172,  174 
melanotic,  138,  172 
mode  of  growth,  171 
morbid  physiology,  172 
morphology,  168 
necrosis  in,  172 
nerves  of,  170 
nervous  theory,  176 
number,  169 

occupation  as  influencing  occurrence,  175 
of  adrenal  bodies,  610 
of  arachnoid,  644,  659 

secondary,  660 

simple  connective-tissue,  659 
of  bile-ducts,  503 
of  bladder,  759 

papillary,  759 
of  bones,  623 

myelogenic,  623 

periosteal,  623 
of  brain,  671 

secondary,  673 
of  breast,  722 
of  bronchi,  S31 
of  dura  of  brain,  653 

of  spinal  cord,  645 
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Tumors  of  epithelial  tissue,  215 
of  esophagus,  449 
of  Fallopian  tube,  695 
of  gall-bladder,  503 
of  intestine,  483 

connective-tissue,  178 

primary  epithelial,  483 
of  jaw,  cystic,  242 
of  joints,  632 
of  kidney,  748 

epithelial,  749 
of  larynx,  523 
of  liver,  499 
of  lung,  557 

secondary,  557 
of  lymphatic  nodes,  603 
of  mamma,  722 
of  mediastinum,  570 
of  mouth,  437 
of  muscles,  636 

secondary,  637 
of  nose,  517 
of  pancreas,  508 
of  parotic  gland,  mixed,  445 
of  penis,  678 
of  pericardium,  399 
of  peripheral  nerves,  676 
of  peritoneum,  513 
of  pharynx,  443 
of  pia  of  brain,  659 
secondary,  660 
simple  connective-tissue,  659 

of  spinal  cord,  644 
of  pituitary  body,  609 

teratoid,  609 
of  pleura,  569 
of  prostate,  680 
of  salivary  glands,  445 
of  scrotum,  dermoid,  678 
of  seminal  vesicles,  681 
of  skin,  589 
of  spinal  cord,  644 

meninges,  644 
of  spleen,  596,  599 

primary,  599 

secondary,  599 
of  stomach,  456 
of  testicle,  685 
of  thymus  gland,  605 
of  thyroid  gland,  608 
of  trachea,  526 
of  tunica  vaginalis  testis,  687 
of  urethra,  763 
of  uterus,  704 
of  vagina,  717 
of  vulva,  719 
organoid,  173,  215 

structure,  170 
ossification  in,  135,  171 
parasitic  theory,  176 
pigmentation,  171 
primary,  173 
recurrent,  173 
retrogressive  changes,  171 
secondary,  173 

sex  as  influencing  occurrence,  174 
shape,  1 58 
size,  168 

spermatic  theory,  176 
structure,  170 
tendencies,  172 
teratoid,  173,  243 

structure,  170 


Tumors,  terminations,  174 
typical,  170 
ulceration  of,  172 
varieties,  173 

Virchovir's  mechanical  theory,  175 
Tunica  vaginalis  testis,  diseases  of,  685 
hemorrhage  into,  687 
hernia  of,  461 
hydrocele  of,  686,  687 

acute,  682 
parasites  of,  688 
syphilis  of,  687 
tuberculosis  of,  687 
tumors  of,  687 
Twins,  homologous,  50 
Typhlitis,  469 

stercoralis,  469 
Typhoid    bacillus,    476.      See    also    Bacillus 
typhosus. 
fever,  476 

accidents  of,  480 
bacteriology,  476 
hemorrhage  in,  480 
histology,  480 
larynx  in,  520 
metastasis  in,  481 
morbid  anatomy,  477 
necrosis  in,  478 
noma  in,  481 
perforation  in,  480 
pneumonia  in,  481 
relapse  in,  481 
rose-spots  of,  481 
shaven-beard  appearance  in,  478 
skin  in,  585 
sudamina  in,  585 
tarry  stools  in,  480 
ulcers  in,  478,  479' 
Typhus  fever,  skin  in,  585 
Tyroma,  333 

of  brain,  658,  670 
Tyromatosis,  157 
Tyrotoxicon,  30  ' 

Ulcer,  315 

atheromatous,  420 

Clark's  phagedenic,  of  cervix  uteri,  702 

in  typhoid  fever,  478,  479 

indolent,  321 

Jacob's,  224 

of  bladder,  758 
perforating,  758 

of  foot,  perforating,  156,  573 

peptic,  of  duodenum,  452 
of  stomach,  451 
hemorrhage  in,  450 
peritonitis  from,  452 
Ulceration,  315 

line  of,  in  gangrene,  161 

of  bronchi,  528 

of  cervix  uteri,  702 

of  tumors,  172 
Ulcerative  endocarditis,  402,  404 

enteritis,  468 

inflammation,  312 

stomatitis,  433 

tuberculous  arthritis,  632 
Ulcus  cruris,  571 
Umbilical  hernia,  38,  461 
Uncinaria  Americana,  292 

duodenalis,  290 
eggs  of,  291 
Uncinariasis,  prophylaxis,  291 
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Urachus,  malformations  of,  47 

Uratemia,  85 

Uratic  infiltration,  135 

Urea,  81 

Uremia,  82 

acute,  82 

chronic,  83 
Ureter,  calculus  in,  761 

diseases  of,  753 
Ureteritis  cystica,  754 
Urethra,  calculi  of,  764 

carcinoma  of,  763 

caruncle  of,  719,  763 

chancroid  of,  763 

diseases  of,  763 

epithelioma  of,  763 

fibroma  of,  763 

inflammation  of,  763.     See  also  Urethritis. 

myxoma  of,  763 

parasites  of,  763 

polypoid  excrescences  of,  763 

sarcoma  of,  763 

stenosis  of,  763 

stricture  of,  763 

tumors  of,  763 
Urethral  atresia,  47 
Urethritis,  763 

croupous,  763 

diphtheritic,  763 

etiology,  763 

syphilitic,  763 

tuberculous,  763 
Uric-acid  calculus,  762 

diathesis,  28,  630,  762 
Urinary  excretion,  81 

passages,  cholesteatoma  of,  243 

secretion,    perspiration    and,    relation    be- 
tween, 88 

system,  diseases  of,  729 
Urine, -diminished,  82 

increased,  82 

suppressed,  82 
Urobilin,  90 

Urogenital  fistula,  703,  755 
Urticaria,  584 

factitia,  584 

pigmentosa,  584 
Uschnisky's  medium,  262 
Uteroliths,  705 
Uterus,  adenocarcinoma  of,  709,  710,  712 

adenoma  of,  712 
malignant,  712 

amyloid  disease  of,  699 

anemia  of,  699 

anomalies  of,  congenital,  695 

anteversion  of,  697 

arcuatus,  695 

atresia  of,  47,  6g6 

atrophy  of,  698 

bicornis,  44,  695 
duplex,  696 

separatus,  696 
unicollis,  696 

carcinoma  of,  713 

cysts  of,  715 

coUiquation,  715 
parasitic,  715 

degenerations  of,  699 

descent  of,  697 

disappearance,  6g8 

diseases  of,  695 

ectropion  of,  698 

elevation,  697 

52 


Uterus,  epithelioma  of,  squamous,  712 
fatty  metamorphosis  of,  699 
fibroid  of,  704.     See  also  Fibroid  of  uterus. 
hematoma  of,  700 
hemorrhage  of,  700 

interstitial,  700 
hyperemia  of,  699 

passive,  700 
hyperinvolution  of,  698 
hypertrophy  of,  698 
infantilis,  695 
inflammation  of,  700 
injuries  of,  traumatic,  702 
inversion  of,  698 
leiomyoma  of,  203 
lipoma  of,  705 
malposition  of,  697 
papilloma  of,  707 
polyps  of,  fibrous,  705 
procidentia  of,  697 
prolapse  of,  697 
retroflexion  of,  697 
retroversion  of,  697 
sarcoma  of,  705 

Spiegelberg's  grape-like,  707 
syphilis  of,  703 
tuberculosis  of,  703 
tumors  of,  704 
unicornis,  695 
warts  of,  venereal,  709 

Vaccinia,  skin  in,  586 
Vacuolar  degeneration  of  muscles,  634 
Vacuolation  of  nerve-cell,  66g 
Vagina,  atresia  of,  47 

carcinoma  of,  718 

condyloma  acuminata  of,  717 

cysts  of,  718 

diseases  of,  715 

fibroma  of,  717 

fibromyoma  of,  717 

fistula  of,  716 

hernia  of,  461 

inflammation  of,  716,     See  also  Colpitis. 

injuries  of,  traumatic,  716 

myxoma  of,  717 

papilloma  of,  717 

prolapse  of,  715 

rectocele  of,  715 

sarcoma  of,  717 

syphilis  of,  717 

tuberculosis  of,  717 

tumors  of,  717 
Vaginalitis,  686 

hemorrhagic,  687 

plastic,  687 

purulent,  687 

serofibrinous,  686 

villous,  687 
Vaginitis,  716.     See  also  Colpitis. 

testis,  686.     See  also  Vaginalitis. 
Valves  of  heart,  abnormalities  of,  39S 
fenestration  of,  404 
incompetence  of,  406 
insufficiency  of,  406 
stenosis  of,  406 
Valvular  aneurysm,  acute,  405 

endocarditis,  402 
Varicella,  skin  in,  585 
Varicocele,  430,  681 
Varicose  veins,  430,  S71 

of  spermatic  cord,  681 
Variola,  black,  skin  in,  585 
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Variola,  larynx  in,  520 

leukocytosis  in,  377 

skin  in,  585 
Varix,  430 

Vas  deferens,  inflammation  of,  681 
syphilis  of,  681 
tuberculosis  of,  681 
Vegetable  parasites,  251 
Veins,  amyloid  diseases  of,  428 

calcareous  infiltration  of,  428 

diseases  of,  428 

fatty  degeneration  of,  428 

sarcoma  of,  180 

varicose,  430,  571 

of  spermatic  cord,  681 
Venereal  warts,  216 

of  uterus  and  vagina,  709 
of  vulva,  719 
Venous  hemorrhoids,  485 

thrombosis  m  chlorosis,  386 
Vermiform  appendix,  inflammation  of,  469 

obliteration  of,  470 
Verruca,  216,  574 

acuminata,  216 

digitata,  216 

filiformis,  216 

tuberculosa,  582 

vulgaris,  216 
Verrucose  endocarditis,  402,  403 
Vesical  calculus,  761 

hernia,  461 
Vesicles,  576 

seminal,  diseases  of,  680.     See  also  Seminal 
vesicles. 
Vesicular  inflammation,  312 
Vesiculitis,  680 
Vestiges,  175 
Vibices,  571 
Vibrio,  260 

Vicarious  emphysema  of  lungs,  533 
Villous  endocarditis,  403 

papilloma,    2i5.     See   also   Papilloma,    vil- 
lous. 

vaginalitis,  687 
Virchow's  mechanical  theory  of  tumors,  175 
Viscera,  diseases  of,  effect  upon  heart,  414 

effect  of  disease  of  heart  upon,  415 

transposition  of,  44 
Vitelline  duct,  460 
Vitiligo,  140,  572,  573 

leprous,  342 
Volvulus,  463 

Vomiting,  stercoraceous,  94 
Vulva,  chancroid  of,  719 

condyloma  acuminatum  of,  719 

cysts  of,  719 

diseases  of,  718 

edema  of,  718 

elephantiasis  of,  719 

epithelioma  of,  719 

gangrene  of,  718 

hematoma  of,  718 

hyperemia  of,  718 

inflammation  of,  71B 

leiomyoma  of,  719 

lipoma  of,  719 

myofibroma  of,  719 

myxofibroma  of,  719 

myxoma  of,  719 

sarcoma  of,  719 


Vulva,  syphilis  of,  719 

traumatic  lesions  of,  718 

tuberculosis  of,  719 

tumors  of,  719 

venereal  wart  of,  719 
Vulvitis,  718 

Wart  horns,  219 
Warts,  216,  574 

ichthyotic,  576 

laryngeal,  216,  523 

seed-,  2i5 

venereal,  216 

of  uterus  and  vagina,  709 
of  vulva,  719 
Water,  63 

ammonia-,  effect  on  skin,  583 

on  brain,  661 
Water-hammer  pulse,  412 
Waxy  casts  in  nephritis,  739 

degeneration.     See  Hyaline  degeneration. 
Wen,  573,  592 
Whip-worm,  289 
White  kidney,  large,  740 

pneumonia,  555 

softening,  159,  639,  666 

swelling,  632 
Whitlows,  320 
Willow  markings,  421 
Winslow,  foramen  of,  hernia  of,  461 
Wirsung's  duct,  obstruction  of,  509 
Wooden  tongue,  346,  348 
Worms,  280 

round-,  287 
Wounds,  gunshot,  24 

healing  of,  324 

by  first  intention,  324,  325 
by  second  intention,  324,  325 

of  cartilage,  repair  of,  328 

Xanthelasma,  572 
Xanthin,  28 

calculi  of  bladder,  762 
Xanthoma,  372,  589 

diabeticorum,  590 

planum,  589 

tuberosum,  589 
Xanthopsia,  92 
Xeroderma,  575 

pigmentosum,  590 
Xerosis,  575 
Xiphopagi,  51 
X-rays,  effect  on  bacteria,  263 

in  etiology  of  disease,  25 

Yellow  atrophy,  acute,  of  liver,  488 
of  new-born,  498 
bodies  of -Krai,  251 
fever,  278 

liver  of,  490 
line  of  congenital  syphilis,  622 
softening,  159,  639,  666 

Zona  dermatica,  39 

epitheloserosa,  39 

pellucida,  114 
Zygocyte,  276 
Zygote,  276 

Zymogenic  bacteria,  266 
Zymoplastin,  380 
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SAUNDERS'  BOOKS  ON 


Howard  A.  Kelly 
on  the  Vermiform  Appendix 

JUST  ISSUED— AN  AUTHORITATIVE  WORK 


The  Vermiform  Appendix  and  Its  Diseases.  By  Howard  A. 
Kelly,  M.  D.,  Professor  of  Gynecology  in  the  Johns  Hopkins  Univer- 
sity, Baltimore;  and  E.  Hurdon,  M.  D.,  Assistant  in  Gynecology  in  the 
Johns  Hopkins  University,  Baltimore.  Handsome  octavo  volume  of 
about  800  pages,  containing  400  superb  original  illustrations  and  several 
lithographic  plates. 

WITH  400  SUPERB  ORIGINAL   ILLUSTRATIONS 


This  work  is  one  of  the  most  magnificent  medical  books  ever  published,  con- 
taining over  four  hundred  beautiful  illustrations,  in  the  preparation  of  which  the 
artists  of  the  Johns  Hopkins  Hospital  have  spent  many  years.  Each  beautifully  and 
accurately  portrays  the  condition  represented,  and  together  they  form  a  magnifi- 
cent collection  unequaled  by  those  in  any  other  work  on  the  subject  ever  placed 
upon  the  market.  A  large  amount  of  original  work  has  been  done  for  the  ana- 
tomic chapter,  for  which  over  one  hundred  original  illustrations  have  been  made. 
Appendicitis  naturally  receives  the  fullest  consideration.  The  pathology  is  not 
only  amply  and  clearly  described,  but  it  is  beautifully  illuminated  with  an  abun- 
dance of  illustrations  depicting  the  pathologic  conditions  with  rare  fidelity.  Diag- 
nosis and  treatment,  by  far  the  most  important  sections  to  the  practitioner  and 
surgeon,  are  elaborately  discussed  and  profusely  illustrated.  Special  chapters  are 
devoted  to  the  peculiarities  of  appendicitis  in  children,  and  to  the  characteristics 
of  the  vermiform  appendix  in  typhoid  fever.  An  unusual  chapter,  but  one  of  the 
greatest  value  to  both  the  medical  and  legal  professions,  is  that  on  the  medicolegal 
status  of  appendicitis.  A  valuable  contribution  to  the  study  of  the  relative  fre- 
quency of  diseases  of  the  appendix  consists  in  the  presentation  of  the  results  of 
several  thousand  autopsies. 


SURGERY  AND  ANATOMY. 


Bickhscm's 
Operative   Svirgery 

JUST  ISSUED.  SECOND  EDITION— TWO  EDITIONS  IN  SIX  MONTHS 

A  Text=Book  of  Operative  Surgery.  Covering  the  Surgical  Anat- 
omy and  Operative  Technic  involved  in  the  Operations  of  General 
Surgery.  For  Students  and  Practitioners.  By  Warren  Stone 
BiCKHAM,  M.D.,  Assistant  Instructor  in  Operative  Surgery,  Columbia 
University  (College  of  Physicians  and  Surgeons),  New  York.  Hand- 
some octavo  of  about  looo  pages,  with  559  beautiful  illustrations, 
nearly  all  original. 

Cloth,  ^6.00  net ;  Sheep  or  Half  Morocco,  ;^7.oo  net. 

WITH  559  BEAVTIFUL  ILLVSTRATIONS.  NEARLY  ALL  ORIGINAL 

This  absolutely  new  work  completely  covers  the  surgical  anatomy  and 
operative  technic  involved  in  the  operations  of  general  surgery.  Constructed 
on  thoroughly  new  lines,  the  discussion  of  the  subject  is  remarkably  systema- 
tized and  arranged  in  a  manner  entirely  original.  Being  the  work  of  a  teacher 
of  extensive  experience  who,  as  such,  is  thoroughly  familiar  with  the  wants  of 
students  and  general  practitioners,  the  book  is  eminently  practical  and  the  sub- 
ject treated  in  such  a  manner  as  to  render  its  comprehension  most  easy.  This 
practicability  of  the  work  is  particularly  emphasized  in  the  numerous  magnifi- 
cent illustrations  which  form  a  us'eful  and  striking  feature.  There  are  some  559 
of  them.  All  have  been  drawn  especially  for  this  book,  and  they  depict  the 
pathologic  conditions  and  the  progressive  steps  in  the  various  operations 
detailed  with  unusual  fidelity,  their  artistic  and  mechanical  excellence  being  of 
the  highest  standard.  The  text  has  been  brought  precisely  down  to  the  present 
day,  all  the  recent  advances  along  the  line  of  technic  having  been  fully  discussed, 
and  elucidated  with  many  illustrations.  A  distinguishing  and  extremely  useful 
feature  is  the  treatment  of  the  anatomic  side  of  the  subject  in  connection  with 
the  operative  technic.  Anatomy  of  the  human  body  is  of  the  utmost  impor- 
tance in  the  practical  application  of  operative  surgery,  for  unless  the  surgeon 
know  the  exact  location  of  the  various  muscles,  bones,  etc.,  he  will  cause 
unnecessary  destruction  of  tissue,  and  perhaps  irreparable  injury.  The  illustra- 
tions will  be  found  of  particular  assistance  in  acquiring  this  essential  knowledge. 

NICHOLAS  SENN.  M.  D. 

Professor  of  Surgery,  Rush  Medical  College,  in  Affiliation  with  the  Univ.  of  Chicago. 

"  A  SOMEWHAT  CAREFUL  EXAMINATION  OF  THE  TEXT  AND  ILLUSTRATIONS  OF  Dr. 
BICKHAM's  BOOK  ON  OPERATIVE  SURGERY  HAS  SATISFIED  Mli  OF  ITS  MERITS.  ThE  BOOK 
WILL  MEET  WITH  FAVOR  ON  THE  PART  OF  TEACHERS,  STUDENTS,  AND  PRACTITIONERS." 


SAUNDERS'   BOOKS   ON 


Eiser^draL.tK*s 
ClirvicQ^l  AnLSctomy 

A  NEW   WORK  — JUST   ISSUED 

A  Text=Book  of  Clinical  Anatomy.  By  Daniel  N.  Eisendrath, 
A.B.,  M.D.,  Professor  of  Clinical  Anatomy,  Medical  Department  of 
the  University  of  Illinois  (College  of  Physicians  and  Surgeons), 
Chicago ;  Attending  Surgeon  to  the  ■  Cook  County  Hospital,  etc. 
Handsome  octavo  of  5  1 5  pages,  beautifully  illustrated  with  entirely 
original  illustrations. 

Cloth,  ;^5.oo  net;  Sheep  or  Half  Morocco,  $6.00  net, 

WITH   MANY  BEAUTIFUL   ORIGINAL  ILLUSTRATIONS 

The  subject  of  anatomy,  and  especially  clinical  anatomy,  is  so  closely  allied 
to  practical  medicine  and  surgery  that  it  is  absolutely  impossible  for  a  physician 
or  surgeon  to  practice  his  profession  successfully  unless  he  have  an  intimate 
knowledge  of  the  human  structure.  This  work  is  intended  to  serve  as  a  guide 
and  reference  book  to  the  general  practitioner  as  well  as  a  text-book  for  the 
student.  It  treats  of  practical  anatomy — anatomy  which  it  is  necessary  for  the 
physician  to  have  at  his  certain  command  at  the  bedside,  in  the  clinic,  and  in  the 
operating  room.  The  entire  subject  is  discussed  with  the  thoroughness  and 
preciseness  that  spring  from  experience,  and  the  author's  style  is  clear  and  con- 
cise. The  method  of  illustrating  the  subject  is  novel,  especial  attention  being 
given  to  surface  anatomy.  The  illustrations  themselves  are  the  result  of  a  great 
deal  of  painstaking  study,  the  great  majority  of  them  being  from  new  and 
original  drawings  and  photographs.  They  are  reproduced  in  the  highest  style 
of  art,  and  show  far  better  than  those  in  any  similar  work  the  relation  of 
anatomic  structures  from  a  clinical  standpoint,  presenting  to  the  student  a 
picture  of  anatomy  as  he  meets  it  at  thte  bedside,  with  the  skin  covering  the 
tissue.  A  portion  of  each  chapter  is  devoted  to  the  examination  of  the  living 
through  palpation  and  marking  of  surface  outlines  of  landmarks,  vessels,  nerves, 
thoracic  and  abdominal  viscera.  For  the  student  and  practitioner  alike,  the 
worK  will  be  found  unrivaled. 

Medical  Record,  New  York 

"  The  thoroughly  practical  manner  in  which  the  author  has  performed 
his  task  will.meel-  with  general  approbation.  ...  a  special  recommendation 
i'or  the  figures  is  that  they  are  mostly  original  and  were  made  for  'ihe  purpose 
IN  VIEW.     The  sections  of  joints  and  trunks  are  those  of  formalinized  cadavers 

AND  are  unimpeachable  IN  ACCURACY." 


St/RGER  V  AND  ANA  TOMY 


IrvternLatior\al 
Text-Book  of  Surgery 

SECOND  EDITION.  THOR.OVGHLY  KEVISED  AND  ENLARGED 

The  International  Text-Book  of  Surgery.  In  two  volumes.  By 
American  and  British  authors.  Edited  by  J.  Collins  Warren,  M.D., 
LL.D.,  F.R;C.S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical 
School ;  and  A.  Pearce  Gould,  M.S.,  F.R.C.S.,  of  London,  England. — 
Vol.  I.  General  and  Operative  Surgery.  Royal  octavo,  975  pages, 
461  illustrations,  9  full-page  colored  plates. — ^Vol.  II.  Special  or 
Regional  Surgery.  Royal  octavo,  1122  pages,  499  illustrations,  and 
8  full-page  colored  plates. 

Per  volume  :  Cloth,  ^5.00  net ;  Half  Morocco,  ;^6.oo  net. 

ADOPTED  BY  THE  U.  S,  AR.MY 

In  this  new  edition  the  entire  book  has  been  carefully  revised,  and  special  effort 
has  been  made  to  bring  the  work  down  to  the  present  day.  The  chapters  on 
Military  and  Naval  Surgery  have  been  very  carefully  revised  and  extensively 
rewritten  in  the  light  of  the  knowledge  gained  during  the  recent  wars.  The 
articles  on  the  effect  upon  the  human  body  of  the  various  kinds  of  bullets,  and 
the  results  of  surgery  in  the  field  are  based  on  the  latest  reports  of  the  sur- 
geons in  the  field.  The  chapter  on  Diseases  of  the  Lymphatic  System  has  been 
completely  rewritten  and  brought  up  to  date ;  and  of  special  interest  is  the 
chapter  on  the  Spleen.  The  already  numerous  and  beautiful  illustrations  have 
been  greatly  increased,  constituting  a  valualsle  feature,  especially  so  the  seven- 
teen colored  lithographic  plates. 


OPINIONS  OF  THE  MEDICAL  PRESS 

AnnaLls  of  Surgery 

"  It  is  the  most  valuable  work  on  the  subject  that  has  appeared  in  some  years.  The  clinician  and 
the  pathologist  have  joined  hands  in  its  production,  and  the  result  must  be  a  satisfaction  to  the  editors 
as  it  is  a  gratification  to  the  conscientious  reader." 

Boston  Medica.1  a.nd  Surgica.!  Jourr.a.1 

"  The  articles  as  a  rule  present  the  essfintials  of  the  subject  treated  in  a  clear,  concise  manner. 
They  are  systematically  written.  The  illustrations  are  abundant,  well  chosen,  and  enhance  greatly 
the  value  of  the  work.    The  book  is  a  thoroughly  modern  one." 

TKe  Medica.1  R.ecord,  New  York 

"The  arrangement  of  subjects  is  excellent,  and  their  treatment  by  the  different  authors  is 
equally  so.  .  .  .  The  work  is  up  to  date  in  a  very  remarkable  degree,  many  of  the  latest  operations  in 
the  different  regional  parts  of  the  body  being  given  in  full  details.  There  is  not  a  chapter  in  the  work 
from  which  the  reader  may  not  learn  something  new." 


SAUNDERS'  BOOKS  ON 


American 
Text-Book  of  Surgery 

American  Text-Book  of  Surgery.  Edited  by  William  W.  Keen, 
M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  the  Principles  of  Sur- 
gery and  of  Clinical  Surgery,  Jefferson  Medical  College,  Philadel- 
phia; and  J.  William  White,  M.D.,  Ph.D.,  John  Rhea  Barton 
Professor  of  Surgery,  University  of  Pennsylvania.  Handsome  octavo, 
1363  pages,  with  551  text-cuts  and  39  colored  and  half-tone  plates. 
Cloth,  ^7.00  net ;  Sheep  or  Half  Morocco,  ;^8.oo  net. 

FOURTH  EDITION.  REVISED  AND  ENLARGED— JVST  ISSVED 

Of  the  three  former  editions  of  this  book  there  have  been  sold  over  40,000 
copies.  In  this  present  edition  every  chapter  has  been  extensively  modified,  and 
many  of  them  have  been  partially,  and  some  entirely,  rewritten.  Notably 
among  such  chapters  are  those  on  Surgical  Bacteriology,  Tumors,  the  Osseous 
System,  Orthopedic  Surgery,  the  Surgery  of  the  Nerves,  the  Joints,  the  Abdo- 
men, etc.  The  most  recent  researches  of  Monks  on  the  Intestines,  Crile  and 
Gushing  on  Shock  and  Blood  Pressure,  Matas  on  Neural  Infiltration  and  Aneu- 
rysm, Edebohls  on  Renal  Decortication,  etc.,  have  been  included.  The  use  of 
paraffine  in  nasal  deformities,  the  methods  of  spinal  and  local  anesthesia,  and 
the  newer  anesthetics  have  also  been  described.  Six  entirely  new  chapters  appear 
in  this  edition  :  Military  Surgery,  by  Brigadier-General  R.  W.  O'  Reilly,  Surgeon- 
General,  U.  S.  Army,  and  Major  W.  C.  Borden,  Surgeon,  U.  S.  Army  ;  Naval 
Surgery,  by  Admiral  P.  M.  Rixey,  Surgeon-General,  U.  S.  Navy  ;  Tropical  Sur- 
gery, by  Captain  Charles  F.  Kieffer,  Assistant  Surgeon,  U.  S.  Army  ;  Examina- 
tion of  the  Blood,  by  Dr.  Richard  C.  Cabot ;  Immunity,  by  Dr.  Arthur  K.  Stone  ; 
and  Surgery  of  the  Pancreas. 


PERSONAL  AND  PRESS  OPINIONS 

Edmund  Owen,  F.R..C.S.. 

Member  of  the  Board  of  Examiners  of  the  Royal  College  of  Surgeons,  England. 
"  Personally,  I  should  not  mind  it  being  called  The  Text-Book  (instead  of  A  Text-Book),  for  I 
know  of  no  single  volume  which  contains  so  readable  and  complete  an  account  of  the  science  and  art 
of  surgery  as  this  does."  » 

The  La.ncet,  London 

"  If  this  text-book  is  a  fair  reflex  of  the  present  position  of  American  surgery,  we  must  admit  it 
IS  of  a  very  high  order  of  merit,  and  that  English  surgeons  will  have  to  look  very  carefully  to  their 
laurels  if  they  are  to  preserve  a  position  in  the  van  of  surgical  practice." 

Boston  Medica.1  aLnd  Surgical  Journal 

"  This  book  marks  an  epoch  in  American  book-making.  All  in  all,  the  book  is  distinctly  the 
most  satisfactory  work  on  modern  surgery  with  which  we  are  familiar.  It  is  thorough,  complete,  and 
condensed." 


SURGER  Y  AND  ANA  TOMY 


Scvidder's 
Treatment  of  Fractures 

WITH  NOTES  ON  DISLOCATIONS 

The  Treatment  of  Fractures :  with  Notes  on  a  few  Commdn 
Dislocations.  By  Charles  L.  Scudder,  M.  D.,  Surgeon  to  the  Massa- 
chusetts General  Hospital,  Boston.  Octavo  volume  of  534  pages, 
with  688  original  illustrations.  Polished  Buckram,  ;^5.oo  net;  Half 
Morocco,  ^6.00  net. 

JUST  READY  — NEW  (4th)  EDITION,  ENLARGED 
FOUR  LARGE  EDITIONS  IN  LESS  THAN  FOUR  YEARS 

Four  large  editions  of  this  work  have  been  called  for  in  less  than  four  years. 
In  this  edition  the  author  has  added  some  useful  matter  on  Dislocations,  illustrat- 
ing it  in  that  practical  manner  which  has  made  the  work  so  valuable.  X-ray 
plates  of  the  epiphyses  at  different  ages  have  been  arranged,  and  will  be  found 
of  value  not  only  as  an  anatomic  study,  but  also  in  the  appreciation  of  epiphyseal 
lesions.  The  text  has  been  brought  precisely  down  to  date,  containing  the  sur- 
geons' reports  on  the  late  wars  and  the  important  facts  regarding  fractures  pro- 
duced by  the  small-caliber  bullet.  A  large  number  of  new  illustrations  have  also 
been  added.  In  the  treatment  the  reader  is  not  only  told  but  is  shown  how  to 
apply  the  apparatus,  for,  as  far  as  possible,  all  the  details  are  illustrated. 


PERSONAL  AND  PRESS  OPINIONS 

William  T.  Bull.  M.D.. 

Professor  of  Surgery,  College  of  Physicians  and  Surgeons,  New  York  City. 
"  The  work  is  a  good  one,  and  I  shall  certainly  recommend  it  to  students." 

Joseph  D.  Brya.nt.  M.D., 

Professor  of  the  Principles  and  Practice  of  Surgery,  University  and  Bellevue  Hospital 
Medical  College,  New  York  City. 
"  As  a  practical  demonstration  of  the  topic  it  is  excellent,  and  as  an  example  of  bookmaking  (t 
is  nighly  commendable." 

American  JournsLl  of  the  MedicaLl  Sciences 

"  The  work  produces  a  favorable  impression  by  the  general  manner  in  which  the  subject  is 
treated.  Its  descriptions  are  concise  and  clear,  and  the  treatment  sound.  The  physical  examination  of 
the  injured  part  is  well  described,  and  .  .  .  the  method  of  making  these  examinations  is  illus- 
trated by  a  liberal  use  of  cuts." 


SAUNDERS'  BOOKS  ON 


Senn's 
Practical  Surgery 

Practical  Surgery.  A  Work  for  the  General  Practitioner.  By 
>FiCHOLAS  Senn,  M.D.,  Ph.D.,  LL.D.,  Professor  of  Surgery  in  Rush 
Medical  College,  Chicago  ;  Professor  of  Surgery  in  the  Chicago  Poly- 
clinic ;  Attending  Surgeon  to  the  Presbyterian  Hospital,  etc.  Hand- 
some octavo  volume  of  1133  pages,  with  650  illustrations,  many  of 
them  in  colors.  Cloth,  $6.00  net ;  Sheep  or  Half  Morocco,  ^7.00  net. 
Sold  by  Subscription. 

DR..  SENN'S  GR.EAT  WOR.K 
Based  on  His  Operative  Experience  for  25  Years 

This  book  deals  with  practical  subjects,  and  its  contents  are  devoted  to  those 
branches  of  surgery  that  are  of  special  interest  to  the  general  practitioner.  Special 
attention  is  paid  to  emergency  surgery.  Shock,  hemorrhage,  and  wound  treatment 
are  fully  considered.  The  section  on  Military  Surgery  is  based  on  the  author's 
experience  as  chief  of  the  operating  staff  in  the  field  during  the  Spanish-American 
war,  and  on  his  observations  during  the  Greco-Turkish  war. 

Annals  of  Surgery 

"  It  is  of  value  not  only  as  presenting  comprehensively  the  most  advanced  teachings  of 
modern  surgery  in  the  subjects  which  it  takes  up,  but  also  as  a  record  of  the  matured  opinions 
and  practice  of  an  accomplished  and  experienced  surgeon." 

Griffith's  Manual  of  Surgery 

A  Manual  of  Surgery.  By  Frederic  Griffith,  M.  D.,  Surgeon 
to  the  Bellevue  Dispensory,  New  York  City.  Handsome  i2mo  of 
about  450  pages,  with  some  300  illustrations.     Flexible  leather. 

JUST   ISSUED 

This  work  is  a  brief  outline  of  the  practice  and  principles  of  surgery,  giving 
the  essential  details  of  the  subject  in  the  briefest  possible  manner  consistent  with 
clearness.  The  entire  subject  of  surgery  is  covered,  including  all  the  specialties, 
as  Diseases  of  the  Eye,  Ear,  Nose,  and  Throat,  Genito-Urinary  Diseases,  Diseases 
of  Women,  etc.  This  useful  work  will  be  to  Surgery  what  Dr.  Stevens'  Manual 
is  to  Practice. 
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McClellan's 
Art    Ansctorxvy 

Anatomy  in  its  Relation  to  Art.  An  exposition  of  the  Bones 
and  Muscles  of  the  Human  Body,  with  Reference  to  their  Influence 
upon  its  Actions  and  external  Form.  By  George  McClellan,  M.D., 
Professor  of  Anatomy,  Pennsylvania  Academy  of  the  Fine  Arts. 
Handsome  quarto  volume,  .9  by  1 1  J^  inches.  Illustrated  with  338 
original  drawings  and  photographs,  with  260  pages  of  text. 

Dark  Blue  Vellum,  $10.00  net;  Half  Russia,  ;^i2.oo  net 


This  is  an  exhaustive  work  on  the  structure  of  the  human  body  as  it  affects 
the  external  form,  and  although  especially  prepared  for  students  and  lovers  of 
art,  it  will  prove  very  valuable  to  all  interested  in  the  subject  of  anatomy.  It 
will  be  of  especial  value  to  the  physician,  because  nowhere  else  can  he  find  so 
complete  a  consideration  of  surface  anatomy.  Those  interested  in  athletics  and 
physical  training  will  find  reliable  information  in  this  book. 

Howard  Pyle. 

In  the  Philadelphia  Medical  Journal. 
"  The  book  is  one  of  the  best  and  the  most  thorough  Text-books  of  artistic  anatomy  which  it  has 
been  the  writer's  fortune  to  fall  upon  and,  as  a  text -book,  it  ought  to  make  its  way  into  the  field  for 
which  it  is  intended." 

McClellan's 

Regional  Anatomy  in  its  Relations  to  Medicine   and  Surgery. 

By  George  McClellan,  M.D.,  Professor  of  Anatomy,  Pennsylvania 
Academy  of  the  Fine  Arts.  Two  handsome  quartos, '884  pages  of  text ; 
^y  full-page  chromolithographic  plates,  reproducing  the  author'  s  orig- 
inal dissections.  Cloth,  ;^  12.00  net;    Half  Russia,  $15.00  net. 

Fourth  Revised  Edition 

This  well-known  work  stands  without  a  parallel  in  anatomic  literature,  and  its 
remarkably  large  sale  attests  its  value  to  the  practitioner.  By  a  marvelous  series 
of  colored  lithographs  the  exact  appearances  of  the  dissected  parts  of  the  body- 
are  reproduced,  enabling  the  reader  to  examine  the  anatomic  relations  with  as 
much  accuracy  and  satisfaction  as  if  he  had  the  actual  subject  before  him. 

British  Medical  Journal 

"  The  illustrations  are  perfectly  correct  anatomical  studies,  and  do  not  reproduce  the  inaccura- 
cies which  experience  has  taught  us  to  look  for  in  works  of  a  similar  kind.  Some  of  the  plates 
especially  those  of  the  anatomy  of  the  chest,  are  of  great  excellence." 
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DocCostac's 

ModernL   S\irgery 

Modern  Surgery — General  and  Operative.  By  John  Chalmers 
DaCosta,  M.D.,  Professor  of  the  Principles  of  Surgery  and  of  Clini- 
cal Surgery  in  the  Jefferson  Medical  College,  Philadelphia  ;  Surgeon 
to  Philadelphia  Hospital  and  to  St.  Joseph's  Hospital,  Philadelphia. 
Handsome  octavo  volume  of  1099  pages,  with  707  illustrations. 

Cloth,  ;^5.oo  net ;  Sheep  or  Half  Morocco,  ^6.00  net. 

FOURTH  EDITION  — JUST  ISSUED 
Thoroughly  Revised,  Entirely  Reset,  and  Greatly  Enlarged 


The  progress  of  surgery  in  every  department  is  one  of  the  most  notable 
phenomena  of  the  present  day.  So  many  improvements,  discoveries,  and 
observations  have  been  made  since  the  appearance  of  the  last  edition  of  this 
work  that  the  author  found  it  necessary  to  rewrite  it  entirely.  In  this  new  fourth 
edition  the  book  has  undergone  a  thorough  and  careful  revision,  and  there 
has  been  added  much  new  matter.  There  have  also  been  added  over  two 
hundred  excellent  and  practical  illustrations,  greatly  increasing  the  value  of  the 
work.'  Because  of  the  great  amount  of  new  matter  it  has  been  deemed 
advisable  in  this  present  edition  to  adopt  a  larger  type  page.  This  is  a  great 
improvement,  rendering  as  it  does  the  work  less  cumbersome.  The  book  will 
be  found  to  express  the  latest  advances  in  the  art  and  science  of  surgery. 


OPINIONS  OF  THE  MEDICAL  PRESS 

The  Lancet.  London 

"  We  may  congratulate  Dr.  DaCosta  in  the  success  of  his  attempt.  .  .  .  We  can  recommend 
the  work  as  a  text-book  well  suited  to  students." 

The  Medical  Record,  New  York 

"  The  work  throughout  is  notable  for  its  conciseness.  Redundance  of  language  and  padding 
Jiave  been  scrupulously  avoided,  while  at  the  same  time  it  contains  a  sufficient  amount  of  information 
to  fulfil  the  object  aimed  at  by  its  author — namely,  a  text-book  for  the  use  of  the  student  and  the 
busy  practitioner." 

American  Journal  of  the  Medical  Sciences 

"  The  author  has  presented  concisely  and  accurately  the  principles  of  modern  surgery.  The 
book  is  a  valuable  one,  which  can  be  recommended  to  students,  and. is  of  greatvalue  to  the  general 
practitioner." 
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GET  A  •  THE  NEW 

THE  BEST    i\rrvcncscrv  standard 

Ill\istr©^ted  Dictiori.©^ry 

NEW  THIRD  REVISED  EDITION  — 1500  NEW  WORDS 

The  American    Illustrated    Medical    Dictionary.     A    New    and 

Complete  Dictionary  of  the  terms  used  in  Medicine,  Surgery,  Den- 
tistry, Pharmacy,  Chemistry,  and  kindred  branches.  With  tables  of 
Arteries,  Muscles,  Nerves,  Veins,  etc.;  of  Bacilli,  Bacteria,  etc.; 
Eponymic  Tables  of  Diseases,  Operations,  Stains,  Tests,  etc.  By 
Wj  a.  Newman  Dorland,  M.D.     Large  octavo,  798  pages. 

Flexible  leather,  ^4.50  net ;  with  thumb  index,  ;^5.oo  net 

Howard  A.  Kelly,  M.D.. 

Professor  of  Gynecology,  Johns  Hopkins  University,  Baltimore. 

"  Dr.  Borland's  Dictionary  is  admirable.  It  is  so  well  gotten  up  and  of  such  convenient  size. 
No  errors  have  been  found  in  my  use  of  it." 

Ainerican  Year-Book 

Saunders'    American    Year  =  Book   of    Medicine   and    Surgery. 

A  yearly  Digest  of  Scientific  Progress  and  Authoritative  Opinion  in  all 
branches  of  Medicine  and  Surgery.  Arranged,  with  critical  editorial 
comments,  by  eminent  American  specialists,  under  the  editorial  charge 
of  George  M.  Gould,  A.M.,  M.D.  In  two  volumes :  Vol.  I — 
General  Medicine,  octavo,  yic,  pages,  illustrated;  Vol.  II — General 
Surgery,  octavo,  684  pages,  illustrated.  Per  vol.:  Cloth,  ;^3.oo  net; 
Half  Morocco,  $2)-7^  "^t.     Sold  by  Subscription. 

The  Lancet,  London 

"  It  is  much  more  than  a  mere  compilation  of  abstracts,  for,  as  each  section  is  entrusted  to 
experienced  and  able  contributors,  the  reader  has  the  advantage  of  certain  critical  commentaries  and 
expositions    .  proceeding  from  writers  fully  qualified  to  perform  these  tasks." 

HelfericK  and  Bloodgood's 
Fract\ires  and  Dislocations 

Atlas  and   Epitome  of  Traumatic  Fractures  and   Dislocations. 

By  Prof.  Dr.  H.  Helferich,  of  Greifswald,  Prussia.  Edited,  with 
additions,  by  Joseph  C.  Bloodgood,  M.D.,  Associate  in  Surgery, 
Johns  Hopkins  University,  Baltimore.  From  the  Fifth  Revised  and 
Enlarged  German  Edition.  216  colored  figures  on  64  lithographic 
plates,  190  text-cuts,  and  353  pages  of  text. 

Cloth,  :^3.oo  net.     In  Saunders' Atlas  Series. 

Medical  News,  New  York 

"  The  author  and  editor  have  made  a  most  successful  effort  to  arrange  the  illustrations  that  the 
interpretation  of  what  they  are  intended  to  present  is  exceedingly  easy." 
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S\altQcrv  ©ctYcl  Coley's 
AbdominLal  Heri^ie^s 

Atlas  and  Epitome  of  Abdominal  Hernias.  By  Pr.  Dr.  G.  Sul- 
tan, of  Gottingen.  Edited,  with  additions,  by  Wm.  B.  Coley,  M.D., 
Clinical  Lecturer  on  Surgery,  Columbia  University,  New  York.  119 
illustrations,  36  in  colors,  and  277  pages  of  text. 

Cloth,  ;^3.00  net.     In  Saunders'  Hand-Atlas  Series. 

Robert  H.  M.  Dawbara,  M.D., 

Professor  of  Surgery  and  of  Surgical  Anatomy,  New  York  Polyclinic. 

'*  I  have  spent  several  interesting  hours  over  it  to-day,  and  shall  willingly  recommend  it  to  my 
classes  at  the  Polyclinic  College  and  elsewhere." 

Warren's  Pathology  and  Therapeutics 

Surgical  Pathology  and  Therapeutics.     By  J.  Collins  Warren, 
M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  Surgery,  Harvard  Medi- 
cal   School.     Octavo,    873    pages;    136  illustrations,    33   in    colors. 
With  an  Appendix  on  Surgical  Diagnosis  and  Regional  Bacteriology. 
Cloth,  ^5.00  net;  Sheep  or  Half  Morocco,  ;^6.oo  net. 

SECOND   EDITION,  WITH  AN  APPENDIX 

Roswell  Park,  M.D., 

In  the  Harvard  Graduate  Magazine. 

'*  I  think  it  is  the  most  creditable  book  on  surgical  pathology,  and  the  most  beautiful  medical 
illustration  of  the  bookmakers'  art  that  has  ever  been  issued  from  the  American  press." 

ZuckerkdLiidl  and  DdLCostdL's 
OpereL.tive   S\irgery 

ADOPTED  BY  THE  U.  S.  AR-MY 

Atlas  and  Epitome  of  Operative  Surgery.  By  Dr.  O.  Zucker- 
KANDL,  of  Vienna.  Edited,  with  additions,  by  J.  Chalmers  DaCosta, 
M.D.,  Professor  of  the  Principles  of  Surgery  and  Clinical  Surgery, 
Jefferson  Medical  College,  Phila.  40  colored  plates,  278  text-cuts, 
and  410  pages  of  text.     Cloth,  ;^3.50  net.     In  Saunders'  Atlas  Series. 

SECOND  EDITION.  THOKOVGHLY  REVISED  AND  GREATLY  ENLARGED 

New  York  Medical  Journal. 

"  We  know  of  lio  other  work  upon  the  subject  in  which  the  illustrations  are  as  numerous  or  as 
generally  satisfactory,"- 
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Robson  and  Moynihan  on  the  Pancreas 

Diseases  of  the  Pancreas  and  Their  Surgical  Treatment.  By  A.  W.  Mayo 
Robson,  F.R.C.S.,  Senior  Surgeon,  Leeds  General  Infirmary ;  Emeritus  Pro- 
fessor of  Surgery,  Yorkshire  College,  Victoria  University,  England;  and  B. 
G.  A.  Moynihan,  M.S.  (Lond. ) ,  F. R. C.S.,  Assistant  Surgeon,  Leeds  General 
Infirmary ;  Consulting  Surgeon  to  the  Skipton  and  to  the  Mirfield  Memorial 
Hospitals,  England.     Octavo  of  293  pages,  illustrated.  Cloth,  fe.oo  net. 

Quarterly  Medical  Journal,  Sheffield,  England 

"The  entire  work  bears  the  stamp  of  thoroughness,  and  it  will,  we  feel  sure,  receive  the  recog- 
nition to  which  its  extensive  merits  entitle  it." 


SerVrV    on.    XvimOrS  second  ICevised  Edition 

Pathology  and  Surgical  Treatment  of  Tumors.  By  Nicholas  Senn, 
M.D.,  Ph.D.,  LL.D.,  Professor  of  Surgery,  Rush  Medical  College,  Chicago. 
Handsome  octavo,  718  pages,  with  478  engravings,  including  12  full-page 
colored  plates.  Cloth,  I5.00  net ;  Sheep  or  Half  Morocco,  J6.0Q  net. 

Journal  of  the  American  Medical  Association 

"  The  most  exhaustive  of  any  recent  book  in  English  on  this  subject.  It  is  well  illustrated,  and 
will  doubtless  remain"  as  the  principal  monograph  on  the  subject  in'  our  language  for  some 
years.    The  author  has  given  a  notable  and  lasting  contribution  to  surgery." 


Macdonald's  Diagnosis  and  Treatment 

A  Clinical  Text=Bool<;  of  Surgical  Diagnosis  and  Treatment.    By  J.  W. 

Macdonald,  M.D.  Edin.,  F.R.C.S.  Edin.,  Professor  Emeritus  of  the  Prac- 
tice of  Surgery  and  of  Clinical  Surgery  in  Hamline  University,  Minneapolis, 
Minn.     Octavo,  798  pages,  handsomely  illustrated. 

Cloth,  fc.oo  net ;  Sheep  or  Half  Morocco,  56.00  net. 

British  Medical  JournzLl 

"  Care  has  been  taken  to  lay  down  rules  for  a  systematic  and  comprehensive  examination  of 
each  case  as  it  presents  itself,  and  the  most  advanced  and  approved  methods  of  clinical  investi- 
gation in  surgical  practice  are  fully  described." 


Golebiewski  a.n.d  Ba,iley*s  Accident 
Dised.ses 

Atlas  and   Epitome  of  Diseases   Caused  by  Accidents.      By  Dr.   Ed. 

Golebiewski,  of  Berlin.  Edited,  with  additions,  by  Pearce  Bailey,  M.D. , 
Consulting  Neurologist  to  St.  Luke's  Hospital,  New  York  City.  With  71  colored 
figures  on  40  plates,  143  text-cuts,  and  549  pages  of  text. 

Cloth,  I4.00  net.     In  Saunders'  Hand- Atlas  Series. 

The  Medical  Record,  New  York 

"  This  volume  is  upon  an  important  and  only  recently  systematized  subject,  which  is  growing 
in  extent  all  the  time.    The  pictorial  part  of  the  book  is  very  satisfactory." 
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Haynes*  Anatomy 

A  Manual  of  Anatomy.  By  Irving  S.  Haynes,  M.D.,  Professor  of  Prac- 
tical Anatomy,  Cornell  University  Medical  College.  Octavo,  680  pages, 
with  42  diagrams  and  134  full-page  half-tones.  Cloth,  I2.50  net. 

"  This  book  is  the  worlc  of  a  practical  instructor — one  who  knows  by  experience  the  require- 
ments of  the  average  student,  and  is  able  to  meet  these  requirements  in  a  very  satisfactory 
way." — The  Medical  Record,  New  York. 

American  Pocket  Dictionary    Fourth  RevSd  Edition 

The  American  Pocket  Medical  Dictionary.    Edited  by  W.  A.  Newman 

Borland,  A.M.,M.D.,  Assistant  Obstetrician,  Hospital  of  the  University  of 
Pennsylvania,  etc.  566  pages.  Full  leather,  limp,  with  gold  edges,  Ji.oo 
net;  with'patent  thumb  index,  $1.25  net. 

"  I  am  struck  at  once  with  admiration  at  the  compact  size  and  attractive  exterior.  I  can  recom- 
mend it  to  our  students  without  reserve." — James  W.  Holland,  M.D.,  Professor  0/  Medical 
Chemistry  and  Toxicology,  and  Dean,  Jefferson  Medical  College,  Philadelphia. 

Beck's  Fractures 

Fractures.  By  Carl  Beck,  M.D.,  Professor  of  Surgery,  New  York  Post- 
graduate Medical  School  and  Hospital.  With  an  Appendix  on  the  Practical 
Use  of  the  Rontgen  Rays.    335  pages,  170  illustrations.         Cloth,  $3.50  net. 

"  The  use  of  the  rays  with  its  technic  is  fully  explained,  and  the  practical  points  are  brought  out 
with  a  thoroughness  that  merits  high  praise." — The  Medical  Record,  New  York. 

Barton  and  Wells'  Medical  Thesaurus  just  issued 

A  Tliesaurus  of  Medical  Words  and  Plirases.  By  Wilfred  M.  Barton, 
M.  D.,  Assistant  to  Professor  of  Materia  Medica  and  Therapeutics,  and  Lec- 
turer on  Pharmacy,  Georgetown  University,  Washington,  D.  C.  ;  and  Walter 
A.  Wells,  M.  D.,  Demonstrator  of  Laryngology,  Georgetown  University, 
Washington,  D.  C.  i2mo  of  534  pages.  Flexible  leather,  $2.50  net  ;  with 
thumb  index,  $3. 00  net. 

Stoney's  Surgical  Technic  second'Rl^erEdition 

Bacteriology  and  Surgical  Technic  for  Nurses.  By  Emily  A.  M.  Stoney, 
Superintendent  of  the  Training  School  for  Nurses  at  the  Carney  Hospital, 
South  Boston,  Mass.     i2mo,  200  pages,  illustrated. 

"  These  subjeccs  are  treated  most  accurately  and  up  to  date,  without  the  superfluous  reading 
which  is  so  often  employed.  .  .  .  Nurses  will  find  this  book  of  the  greatest  value."— 
Trained  Nurse  and  Hospital  Review. 

Grant  on  Face,  Mouth,  and  Jaws 

A  Text=Book  of  the  Surgical  Principles  and  Surgical  Diseases  of  the 
Face,  Mouth,  and  Jaws.  For  Dental  Students.  By  H.  Horace  Grant, 
A.M.,  M.D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  Hospital  College 
of  Medicine.     Octavo  of  231  pages,  with  68  illustrations.       Cloth,  I2.50  net. 

"  The  language  of  the  boolc  is  simple  and  clear.  .  .  .  We  recommend  the  work  to  those  for 
whom  it  is  intended." — Philadelphia  Medical  Journal. 
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Warwick  and  Tunstall's  First  Aid 

First  Aid  to  tlie  Injured  and  Sick.  By  F.  J.  Warwick,  B.A.,  M.B. 
Cantab.,  Associate  of  King's  College,  London  ;  and  A.  C.  Tunstall,  M.D., 
F.R.C.S.  Edin.,  Surgeon-Captain  Commanding  the  East  London  Volunteer 
Brigade  Bearer  Company.     i6mo  of  232  pages  and  nearly  200  illustrations. 

Cloth,  $1.00  net. 

•*  Contains  a  great  deal  of  valuable  information  well  and  tersely  expressed.  It  will  prove 
especially  useful  to  the  volunteer  first  aid  and  hospital  corps  men  of  the  National  Guard." — 
Journal  American  Medical  Association. 

Beck's  Svirgical  Asepsis 

A  Manual  of  Surgical  Asepsis.  By  Carl  Beck,  M.D.,  Professor  of  Sur- 
gery, New  York  Post-graduate  Medical  School  and  Hospital.  306  pages  ;  65 
text-illustrations  and  12  full-page  plates.  Cloth,  iSi.25  net. 

"  The  book  is  well  written.  The  data  are  clearly  and  concisely  given.  The  facts  are  well 
arranged.  It  is  well  worth  reading  to  the  student,  the  physician  in  general  practice,  and  the 
surgeon." — Boston  Medical  and  Surgical  Journal. 

Pye's  Bandaging 

Elementary  Bandaging  and  Surgical  Dressing.  With  Directions  con- 
cerning the  Immediate  Treatment  of  Cases  of  Emergency.  By  Walter 
Pye,  F.R.C.S.,  late  Surgeon  to  St.  Mary's  Hospital,  London.  Small  l2mo, 
over  80  iUustraiions.  Clotli,  flexible  covers,  75  cts.  net. 

"The  authcy  writes  well,  the  diagrams  are  clear,  and  the  book  itself  is  small  and  portable, 
although  the  paper  and  type  are  good." — British  Medical  Journal. 

Senn's  Syllabus  of  Surgery 

A  Syllabus  of  Lectures  on  the  Practice  of  Surgery.  Arranged  in  con- 
formity with  "American  Text-Book  of  Surgery."  By  Nicholas  Senn, 
M.D.,  Ph.D.,  LL.D.,  Professor  of  Surgery,  Rush  Medical  College,  Chicago. 

Cloth,  J! 1. 50  net. 

"  The  author  has  evidently  spared  no  pains  in  making  his  Syllabus  thoroughly  comprehensive, 
and  has  added  new  matter  and  alluded  to  the  most  recent  authors  and  operations.  Full  refer- 
ences are  also  given  to  ail  requisite  details  of  surgical  anatomy  and  pathology." — British  Medi- 
cal Journal. 

Keen's  Operation  Blank,  second  Edition,  Revised  Form 

An  Operation  Blank,  with  Lists  of  Instruments,  etc.,  Required  in  Various 
Operations.  Prepared  by  Wm.  W.  Keen,  M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Pro- 
fessor of  the  Principles  of  Surgery  and  of  Clinical  Surgery,  Jefferson  Medical 
College,  Philadelphia.     Price  per  pad,  blanks  for  fifty  operations,  50  cts.  net. 

"  Will  serve  a  useful  purpose  for  the  surgeon  in  reminding  him  of  the  details  of  preparatibn  for 
the  patient  and  the  room  as  well  as  for  the  instruments,  dressings,  and  antiseptics  needed." 
— New  York  Medical  Record. 

Keen  on  the  Surgery  of  Typhoid 

The  Surgical  Complications  and  Sequels  of  Typhoid  Fever.     By  Wm.  W. 

Keen,  M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  the  Principles  of  Surgery 
and  of  Clinical  Surgery,  Jefferson  Medical  College,  Philadelphia,  etc. 
Octavo  volume  of  386  pages,  illustrated.  Cloth,  $3.00  net. 

"  Every  surgical  incident  which  can  occur  during  or  after  typhoid  fever  is  amply  discussed  and 
fully  illustrated  by  cases.  .  .  .  Jhe  book  will  De  useful  both  to  the  surgeon  and  physician."— 
The  Practitioner^  London. 
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Moore's  Orthopedic  Surgery 

A  Manual  of  Orthopedic  Surgery.     By  James  E.  Moore,  M.D.,  Professor 

of  Clinical  Surgery,  University  of  Minnesota,  College  of  Medicine  and  Surgery. 

Octavo  of  356  pages,  handsomely  illustrated.  Cloth,  ^52.50  net. 

"  The  book  is  eminently  practical.  It  is  a  safe  guide  in  the  understanding  and  treatment  of 
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